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Marine  Engine,  Dunsmuir's,  232. 

Marine  Engineering,  307,  354. 

Mason  Brake  Beam  Clamp,  377. 

Maxim  Flying  Machine,  999. 

McEntre  Car  Coupler,  523. 

McGiehan's  Rail  Joint,  278. 

Mechanical  Drawing,  Essentials  of,  36,  37,  38,  sg. 
40,  84,  85,  86,  87,  130, 131,  13a,  133,  179.  »8o,  227, 
228,  329,  930,  931,  974,  27s,  976,  377.  278,  322, 
323.  3»4.  37a.  373»  374.  375-  37^,  4«8,  419,  420, 
421,  422,  470,  471,  472,  517,  518,  519,  530,  566, 
567,  568,  569. 

Mechanical  Laboratory,  Purdue  University,  549. 

Mexican  Central  Compound  Locomotive,  268,  269, 
270.  360,  361. 

Mexican  Central,  Profile  of  Southern  Division,  269. 

Mineral  Wool.  Apparatus  for  Testing,  450.  451. 

Mogul  Locomotive,  Japanese  Government  Rail- 
roads, 166. 

Mogul  Locomotive,  Light,  192. 

Molder,  Heavy  Standard,  570. 

Monument,  Bordentown,  540. 

Morande  Bridge  over  the  Rhone,  415, 

Motor,  Simplex  Electric,  380. 

Mount  Vernon,  N.  Y.,  Concrete  Sewer  at   408. 

Narrow  Gauge  Locomotive,  A  Twelve- Wheel,  247. 

Navy  Guns.  Disappearing  Mount  for,  217. 

New  South  Wales.  MortuaryS>\.iX\on,  Sydney,  447. 

New  York  Central  &  Hudson  River,  Tank  Loc«  mo- 
tive for  Suburban  Traffic,  410. 

New  York,  Lake  Erie  ft  Western,  New  Interlockit  g 
at  the  Jersey  City  Terminal  Passenger  Statii  n 
of  the,  265. 

North  .-ea-Baltic  Ship  Canal,  160. 

Ochta  Trials,  Plates  after,  316. 

Ogle  &  Summers'  Steam  Carriage,  356. 

Oiling  Fixed  Studs,  480. 

Old  Time  Bill  of  Lading,  143. 

Panama  Canal,  Profile  of,  244 

Paris,  Subway  for  the  Sceaux  Railroad,  121. 

Passenger     Locomotive,    Class     P,     Pennsylvania 

Standard,  352. 
Passenger  Locomotive,  Delaware    Lackawanna   A 

Western  Railroad.  300. 
Passenger   Locomotive.    Expr«^s,    Grtat   Ntrih   of 

Scotland  Railway,  74. 
Passenger    Locomotive,    Highland    Railway,   556. 

557- 

Passeigcr  Steamer,  Lake,  288. 

Pavement,  New.  190. 

Penetration  of  a  Shot  from  the  Armstrong  xio-Tcn      ^ 
Gun,  393. 

Pennsylvania  Railroad  Standard  Passenger  Loco- 
motive, Class  P,  ^52. 

Philadelphia  ft    Reading  New   Terminal   Station. 

5*4.  565- 
Piston  Valve, Richards,  35. 
Pittsburgh  Locomotive  V/orks,  Switching  Engine, 

538. 
Planrr,  Double  Cylinder  and  Smoother,  980. 
Planing  Machine,  Plate,  474. 
Plate,  Haivey  after  Trial,  J50. 
Plates  after  Annapolis  Trials,  314,  315. 
Plates  after  Ochta  Trials,  316. 
Plate  Scarfing  or  Planing  Machine,  475. 
Pneumatic  Hoist,  573. 
Portable  Railroad  Drill,  497.^ 
Practical  Railroad  Information,  Contributions  to, 

450,  451. 
Practice  Cruiser  United  States  Navy,  165. 
Projectiles,  Recovered    6-Inch,    Annapolis  Trial, 

3t6. 
Propeller.  Dock's  Marine,  183. 
Purdue  University,  Mechanical  Laboratory,  549, 

Quadruple-Expansion  Engine,  Chaese's,  513, 

Rack-Railroad,  Viege-Zermatt,  563, 
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Radial  Tap«  and  Stay-Bolt  Drills,  Connelly's,  328. 

Rail-Joint,  Churchill's,  135. 

Rail  Joint,  Connell'*,  135,  3»7- 

Rail-J°'"''  Hunlock's,  135. 

Rail-Joint,  McGiehan's,  ayS. 

Railroad  &   Engineering  Journal,  Office   Window, 

195. 
Railroad  Drill,  Portable,  427.  . 

Railroad  Information,  Contributions  to   Practical, 

450,  45«-. 

Railroad  in  siam,  106. 

Railroad,  London  Electrical,  27,  98,  29. 

Railroad  Monument  at  Bordentown,  540. 

Railroad,  Trans-Saharan,  Map  of,  67. 

Railroad,  Tunnels  on  Transandinc,  249,  250. 

Rail  Section,  Drawing,  130.  ,,,,,„ 

Rail  Section,  New  Standard  80-lbs.,  Lehigh  Valley 
Railroad,  34. 

Rapid  Fire  Gun,  Armstrong,  297,  398. 

Repairing  Wet  Arches,  2^8. 

Rhone,  The  Morande  Bridge  over  the,  415. 

Ribbed  Boiler  Tube,  Serve's,  379. 

Richard's  Piston  Valve,  35. 

Richie's  Improved  Power  Torsional  Testing  Ma- 
chine, 89. 

Rifled  Gun,  12-Inch  Army  Breech  Loading,  396. 

River  Boat,  Triple-Screw,  577, 

River  Boat,  Twin  Screw,  14a. 

River  Bottom,  Apparatus  for  taking  Profile  of,  448. 

River  Jetties,  Kirk's  Arrangement  of,  423. 

River  Work  in  India,  305. 

Road  Bed,  Sumatra  State  Railroad,  514. 

Rolls  for  Fluid  Metal,  555. 

Rope  Tramway,  The  Garrucha,  365,  366,  367. 

Russian  Captive  Balloon,  287. 

Rust-Proof  Furnace,  Gesncr,  186. 

Safe  Depository,  Forney's,  for  Sleeping  Cars,  56. 

Safety  Attachment  for  Valves,  Topliff's,  330. 

Sand  Drier  for  Locomotives,  191. 

Sault  Ste.  Marie  Canal,  Old  and  New  Locks,  305. 

Scarfing  Machine,  Plate,  475. 

Sceaux  Railroad  in  Paris,  Subway  for  the,  lai. 

Seine  Tunnel,  209,  210. 

Serve's  Ribbed  Boiler  Tube,  379,  548. 

Serviss  Tie  Plate,  279. 

Sewall  Coupler,  572. 

Sewer,  Concrete,  at  Mount  Vernon,  N.  Y.,  408. 

Sewers,  Ventilating,  144. 

Shade  and  Section  Lines,  179,  180. 

Shears,  Hydraulic,  Combined  with  a  Steam  Intensi- 
fier,  9(5. 

Sheffield  Hand  Car  and  Steel  Wheel,  377. 

Ship  Canal,  North  Sea-Baltic,  160. 

Ship  Cross  Sections,  307. 

Siam,  Railroad  in.  106. 

Siberian  Railroad,  Baikal  Loop  Line,  57. 

Siberian  Railroad,  Map  of  Trans-Baikal  Section,  25. 

Siberian  Railroad,  Soirfth  Oussouri  Section  of,  114. 

Side  Hill  Measurep/nt,  Diagram  of,  206. 

Side  Rods,  l^ocoirtotive.  Breakages  of,  526. 

Side  Wheel  River  Steamer,  Triple-Expansion  En- 
gine for,  234. 

Simplex  Electric  Motor,  280. 

Sims-Edison  Torpedo,  262,  409, 

Sinking  of  the  Blanco  Encalada,  444. 

Sioux  City  Bridge,  218,  220. 

Sleeping  Cars.  Forney's  Safe  Depository  for,  56. 

Slope  Indicator  and  Stake  Setter,  503. 

Smillie  Car  Coupler,  28a. 

Smoke  Consumer,  Chubb's,  279. 

Smoke  Consumer,  Hutchinson's,  42. 

Smoother  and  Heavy  Planer,  280. 

Soaring  of  Birds,  118. 

South  Australia,  Beetaloo  Dam,  306,  307. 

South  Carolina  Railroad,  Old  Car,  170. 

South  Oussouri  Section  of  the  Great  Siberian  Rail- 
road, 114. 


Specifications,  English  Axle  and  Tire,  370. 

Spike,  A  Novel,  571. 

Spike,  Da  vies'  Lock,  279. 

Standard  Coupler,  Gauges  for,  473,  474. 

Station,  English  Suburban,  21,  32. 

Station,  Mortnary^  Sydney,  New  South  Wales,  446, 

447- 
Station,  New   Boston  &  Maine,  384. 
Stations,    Philadelphia  &    Reading   Terminal,  564, 

56s. 
Stay-Bolt  Drills  and  Radial  Taps,  Connelly  s,  328. 
Steam  Carriage,  286. 
Steam  Carriage,  Hancock's,  357. 
Steam  Carriage,  Ogle  4:  Summers'.  356. 
Steam  Crane,  Madras  Harbor  Works,  51a. 
Steam    Engines,  Drawing,  36,  37,  38,  39,  40,  84,  85, 

86,  87. 
Steamer  Charles  W.  Wetmore.  Whale  Back,  416. 
Steamer,  Lake  Passenger,  288. 
Steamer   Polytusien,   Compagnie   des   Messageries 

Maritimes,  213,  214. 
Steamers,  Lake  Freight,  K3. 
Steam  Heating,  Sewall  Coupler  for,  S72. 
Steam  Intensifier,  Hydraulic  Shears  Combined  with 

a,  96. 
Steam  Jet  Ventilator,  576. 
Steamship  North  Wind,  41. 
Steel  Armor  Plate,  Samples,  534. 
Steel  Crank  Shaft,  Experiments  with,  303. 
Steel  Tie,  115. 

Steel  Wheel  and  Hand  Car,  The  Sheffield,  377. 
.Steel-Wheel,  Mann's,  35. 

Street  Cars,  Appleyard's  Safety  Device  for,  183. 
Studs,  Oiling  Fixed,  480 
Submarine   Mine  and  Torpedo,  32,  33,  76,  77,  125, 

126, 169,  219. 
Suburban  Passenger  Traffic,  A  Tank  Locomotive 

for,  128. 
Suburban  Service,  English  Locomotive  for,  454. 
Suburban  Traffic,  Tank  Locomotive  for,  N.  Y.  C. 

&  H.  R.  R.R.,  410. 
Subway  for  the  Sceaux  Railroad  in  Paris,  121. 
Sumatra  State  Railroad,  514,  515. 
Sun  DiaU  for  Low  Latitudes,  301,  302. 
Surveying,  Problem  in,  123. 
Surveyors.  Note  for,  113. 
Surveys,  Plotting,  Drawing.  130.  132. 
Switching  Locomotive,  Boston  Sl  Albany  Railroad, 

500. 
Switching  Locomotive,  Pittsburgh  Woiks,  538. 

Tall  Chimney,  336. 

Tank  Locomotive  for  Suburban  Passenger  Traffic, 

128,  410. 
Terror,  Air  Compressors  for,  255. 

Testing   Machine,  Riehle's  Improved   Power  Tor- 
sional, 89. 

Texas  &  Pacific  Standard  Coal  Car,  506,  507. 

Thwaite  Boiler,  317,  318. 

Tie-Plates,  90. 

Tie-Plate,  The  Serviss,  279. 

Tie,  Steel,  115. 

Tilden's  Cleveland  Bridge-Guard,  425. 

Timbering  for  Tunnels,  528. 

Tire  and  Axle  Specifications,  English,  370. 

Tire  Fastenings  Recognized  by  the  German   Rail- 
road Union,  34s. 

Titan  Steam  Crane,  Madras  Harbor  Works,  51a. 

ToplifTs  Safety  Attachment  for  Valves,  330. 

Torpedo    and   Submarine  Mine,  32,  33,  76,  77,  125, 
126   169,319. 

Torpedo  Boat,  French,  516. 

Torpedo,  Sims-Edison,  262,  409. 

Torpedo.  Victoria,  502. 

Toisional    Testing    Machine,     Riehle's    Improved 
Power,  89. 

Tracks  at  Woodlawn  Junction,  73. 

Train  Lighting,  Dynamo  for,  335. 


Tramway,  The  Garrucha  Rope,  365,  366,  367. 
Transandine  Railroad,  Tunnels  on,449,  250. 
Trans-Saharan  Railroad,  Map  of.  67. 
Triple-Expansion    Engine   for   Side    Wheel    River 

Steamer,  234. 
Triple-Expansion     Engines     for    Italian     Steamer 

Sir  to,  264,  «65. 
Triple-Screw  River  Boat,  577. 
Tube,  Servi's  Ribbed,  379.  548. 
Tubular  Boiler,  Fowler,  461. 
Tubulous  Boilers,  317,  318. 
Tubulous  Boiler,  '\  arrow,  1J9. 
Tunnel,  Glasgow  Harbor,  456. 
Tunneling,  New  Method,  95. 
Tunnel,  Seine,  209,  210. 

Tunnels  on  the  Transandine  Railroad,  249,  250. 
Tunnels,  Sumatra  State  Railroad,  514. 
Tunnel  Timbering,  528. 
Turning  Tool,  Bussell's,  35. 
Twelve-Wheel  Narrow-Gauge  Locomotive,  •47. 
Twenty-four  Hour  Time,  Clock  Dial  for,  48. 
Twin  Screw  River  Boat,  142. 
Typewriter  Brush,  ford's,  138. 

Union  Liner  Oivego,  Z43. 

Uaited  States  Lighthouse  Board,  Lightship  No.  5Z 

for,  362,  363,  364. 
United  States  Navy,  Coast  Defense  Ship,  354. 
United  States  Navy,  Cruiser  New  York  for.  i»a. 
United  States  Navy,  Cruiser  No.  6  for,  12a. 
United  States  Navy,  Engines  for  Batile-Ships  Nos. 

I,  2  and  3,  308,  399. 
United  States  Navy.  New  Battle-Ships  for,  165. 
United  States  Navy,  New  Cruiser  Detroit,  546. 
United  States  Navy,  Practice  Cruiser  for,  165. 
Unsinkable  Boat,  An,  384. 
Use  of   Wood  in  Railroad    Structures.   15,  16,  17, 

iS,  61,62,63. 

Valve,  King's  Cut-off,  331. 

Valves,  Topliff's  Safety  Attachment  for,  330 

Vauclain  Comp>ound  Consolidation.  Locomotive,  393, 

293- 

Vauclain  Pattern,  Four-Cylinder  Compound  Loco- 
motive, 417. 

Ventilating  Sewers,  144. 

Ventilator,  Steam  Jet,  576. 

Viaduct,  Cnieiie,  105. 

Viaduct,  Malleco,  192. 

Victoria  T«rpedo,  502. 

Viege-Zermatt  Railroad,  563. 

View  from  our  Office  Window,  195. 

Wall  Engine,  577. 

Water  Power,  Electric  Lighting  by,  426,  427. 

Wells,  Filter  for.  430. 

Western  Liner  Harlem,  143. 

Western  New  York  &  Pennsylvania  Railroad,  Com- 
pound Locomotive  for,  467. 

Westinghouse  Governor,  329. 

Westinghouse  Improved  Condenser,  571. 

Wharf  Crane,  Steam,  48.  ■^^ 

Whale  Back  Steamer  Charles  W.  IVetmcre,  416. 

Wheelock  Compound  Engine  Cards,  562. 

Wheels,  Elder's  Machine  for  Truing,  326. 

White's  Bridge,  Delaware,  Lackawanna  &  Western 
Railroad,  310.  311. 

Wing's  Grinding  Machine,  426. 

Witherow  Blowing  Engine,  90,  91. 

Woodlawn  Junction,  Tracks  at,  73. 

Wood,  Use  of,  in  Railroad  Structures,  15,  16, 17, 18, 
61,  62,  63. 

Wood-Worker  and  Moulder,  Combined  Universal, 

378-        .. 
Wootten  Boiler,  Locomotive  with.  460. 

Yarrow  Tubulous  Boiler,  119. 
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Aerial  Navigation,  241,  433. 
^African  Trans-Continental  Railroads,  485. 
Air,  Navigation  of  the,  241,  433. 
Alabama  Coal  Production,  145. 
^  American  and  English  Locomotive*,  99,  194,  293, 
338,  482.  529. 
American  Locomotives,  242. 
American  Patent  System,  Centenary  of,  50. 
American  Society  of  Civil  Engineers,  Election,  a. 
American  Steamers  for  Mail  Carriers,  337. 
Anihracue  Coal  Production,  145. 
Argentine  Railroads,  ^86. 

Armor  Forgin(fflant,BethlehemIronCompany,48i. 
Armor-Plate,  Recent  Trials,  337,  533. 
A  rmy,  Death  of  the  General,  97. 
Army  la-Inch  Gun,  290. 
Atlantic,  Lake  Steamer*  on,  147. 


Baltimore  9l  Ohio  and  Poughkeepsie  Bridge,  49. 

Baltimore  &  Ohio  Railroad,  98. 

Baltimore  St.  Ohio  Terminals,  433. 

Battle-Ships  for  the  Navy,  433. 

Bethlehem  Iron  Company,  Armor  Forging  Plant, 

481. 
Bethlehem  Iron  Works,  Steam  Hammer,  337. 
Bordentown  Monument,  529. 
Boston  Terminal  Facilities,  341. 
Bridge,  Brooklyn,  Report  on  Traffic,  51. 
Bridge,  Hudson  River,  i. 
Bridge  over  Potomac  River,  Proposed,  99. 
Bridge,  Proposed  Niagara  River,  97. 
Broadway,  Running  Lines  on,  49. 
Brooklyn  Bridce  Traffic  Plans,  51. 
British  Commission  to  the  Columbian  Exposition, 

337' 


Canadian  Railroad  Investigation,  434. 

Canal,  Cape  Cod  Ship,  289. 

Canal,  Lake  Erie  &  Ohio  River  Ship,  385. 

Canal  Navigation  Season,  49. 

Canal,  Nicaragua,  49,  97,  146. 

Canal,  Panama,  343. 

Canals,  Ship.  49 

Cape  Cod  Ship  Canal.  289. 

Car  Building  for  the  Year,  433. 

Car  Couplers,  534. 

Card  System  for  Indexing  Papers,  386. 

Care  and  Classification  of  Notes,  Memoranda  and 

Papers,  386. 
Car-Wheel  Guarantees,  389. 

Centenary  of  the  American  Patent  System,  50, 147. 
Channels,  Lake,  529. 
Charleston  and  Esmeralda,  243. 
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Chase  of  the  Uata,  289. 

Check-Valves,  Locomotive,  Danger  from,  339. 

Chicago  Exposition  Tower,  1^6. 

Chicago,  Locomotive  Works  m,  i. 

Chilian  Torpedo  Warfare,  889. 

China,  Minister  to,  146. 

City  Terminals,  98. 

Civil  Engineers'  Society  Election,  a. 

Civil  Service  in  the  Navy  Yards,  193. 

Coal  Production,  Alabama,  145. 

Coal  Production,  Anthracite,  145. 

Coal  Production,  Maryland,  145. 

Colorado  Desert.  Lake  in,  338,  539. 

Columbian  Exposition,  433. 

Columbian  Kxhibition,  British  Commission,  337, 

Columbian  Exhibition,  Department  of  Transporta- 
tion, 481. 

Compound  Locomotives,  99. 

Compound  Locomotive  I'e&ts  on  the  Mexican 
Central,  341. 

Compound  Locomotive,  Vauclain,  39a. 

Construction,  New  Railroad,  388. 

Contract  for  Cruiser  No.  13,  290.  

Correction,  436. 

Couplers,  Car,  534. 

Croton  Dam,  New,  50. 

Cruisers  and  their  Use,  385. 

Cruisers,  New,  for  the  Navy,  50,  146,  147,  290. 

Dam,  New  Croton,  50. 

Danger  from  Locomotive  Check-Valves,  339. 
Discomforts  of  Railroad  Travel,  50. 
Drills  of  the  Naval  Reserve,  337. 
Dynamite  Gun-Boat,  Test  of,  343. 
Dynamite  Gun-Boat,  Trial  of,  393. 

Election  of  the  Civil  Engineers'  Society,  2. 

Electricity,  Transmitting  Power  by,  4S1. 

Electric  Railroad,  Long,  289. 

Electric  Railroad.  Weems,  146. 

Elevated  Railroads,  New  York,  342. 

Engineeriag  Association  of  the  South  on  the  High- 
way Question,  146. 

Engineering  at  the  Exhibition  of  1893,  39'- 

Engineering  on  Broadway,  49. 

English  and  American  Locomotives,  99,  194,  393, 
338,  48a,  539. 

Erie  Canal,  49. 

Esmeralda  and  Charleston,  243. 

Europe,  Passenger  Rates  in,  100. 

Europe,  Railroad  Time  in,  98. 

Exhibition  of  1893,  Engineering  at,  391. 

Exposition  at  Prague,  49. 

Fast  Railroad  Time,  434. 

Forestry    Division,    Department    of    Agriculture, 

Timber  Tests,  481. 
Franklin  Institute,  Piracy  in,  194. 

Gas,  Natural  Supply  of,  49. 

Geology  and  the  Solid  Land,  193. 

Grant  Locomotive  Works,  1. 

Great  Lakes,  Traffic  and  Shipping  on  the,  343,  388. 

Great  Northern  Line  to  the  Pacific,  434. 

Great  Siberian  Railroad,  434. 

Guarantees,  Car-Wheel,  389. 

Gun,  I3-Inch  Army,  290. 

Guns,  Rapid-Fire,  Tests  of,  337. 

Hammer,  The  Largest  Steam,  337. 
Highway  Question,  146. 
Highway  Roads,  100,  149. 
Highway  Roads  Congress,  481. 
Highway  Roads  in  Missouri,  97. 
Hudson  River  Bridge,  i. 

Intercontinental  Railroad  Commi-ision,  i. 
Intercontinental  Railroad  Surveys,  147,  194. 
Interstate  Comiserce  Commission,  434. 
Interstate    Commerce    Commission    on     Through 

Lines,  341. 
Interstate  Commerce  Law  Amendment,  145. 
Iron) and  Steel  Structures,  Protection  from  Rust, 

»45- 
Iron  Production  in  1891,  385. 

Iron  Production,  United  States,  97,  193,  241,  289. 
Irrigation  in  Congress,  49. 


I  tat  a.  Chase  of,  389. 

Japanese  Mail,  Fast  Time,  434. 
Japanese  Navy,  146. 

Lake  Erie  &  Ohio  River  Ship  Canal,  385. 

Lake  Channels,  529. 

Lake  in  the  Colorado  Desert,  33S,  539. 

Lake  Steamers  on  the  Atlantic,  147. 

Lakes,  Lighthouses  for,  529. 

Land,  Geological  Changes  in,  193. 

Latrobe,  the  Late  John  H.  B.,  434. 

Lighthouses  for  the  Lakes,  539. 

Locomotive  Check-Valveii,  Danger  from,  339. 

Locomotive,    Compound,   Tests    on   the   Mexican 

Central,  241. 
Locomotive  Performance,  Uniform  Reports,  434. 
Locomotives,  Ameiican,  342. 
Locomotives,  Compound.  99. 
Locomotives,  English  and  American,   194,392,338, 

483,  529. 
Locomotive  Tests,  New  South  Wales,  99. 
Locomotive,  Vauclain  Compound,  aga. 
Locomotive  Works,  (<rant  Removal  of,  I. 

Mail  Service,  Ocean,  337. 
Master  Mechanics'  Convention,  290. 
Maryland  Coal  Production,  145. 
Missouri,  Highway  Roads  in,  97. 
Monument,  Bordentown,  539. 

Natural  Gas  Supply,  49. 

Naval  Reserve  Drills,  337. 

Navy  Appropriation  Bill,  50,  146. 

Navy,  Bids  for  New  Crui>er,  97. 

Navy,  Death  of  the  Admiral,  97. 

Navy,  Fighting  Ships  for,  433. 

Navy,  Japanese,  146. 

Navy,  New  Ships  for,  2. 

Navy  Reports,  i. 

Navy  Squadron  of  Evolution,  434. 

Navy,  United  States,  385. 

Navy  Yard,  Proposed,  on  Puget  Sound,  98. 
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Lighthouse,  Hatteras,  414. 

Lighting,  Electric,  by  Water  Power,  4a6.T: 

Lighting,  Electric,  Portable  Plant,  545. 

Lightships  for  Lake  SUtion,  531.^ 


Lightship  with  Electric  Lights,  361. 

Livering  of  Paint,  253. 

Lock,  Sauk  Ste.  Mane,  304. 

Locomotive,  An  Experimental,  549. 

Locomotive,  Argentine  Com|X>und,  178. 

Locomotive,  Comj>ound,  Mexican  Central,  360. 

Locomotive,  Compound,  Tests  of,  368,  467. 

Locomotive,  English  Express,  75. 

Locomotive,  English,  for  Suburban  Service,  4  5. 

Locomotive  for  Suburban  Service,  411. 

Locomotive,  Four-Cylinder  Compound  Passenger, 

417.  . 

Locomotive,  Four-Wheel  Switching,  501,  538. 

Locomotive  History,  A  Bit  of,  413. 

Locomotive,  Japanese  Mogul,  167. 

Locomotive,  New  Express,  301. 

Locomotive,  Passenger,  Highland  Railway,  557. 

Locomotive,  Pensylvania  Railroad  Passenger,  353. 

Locomotive  Performance,  English,  104. 

Locomotives.  Development  of  the  Compound  Sys- 
tem in,  68,  to6,  154,  302,  356. 

Locomotive,  Tank,  for  Suburban  Traffic,  tag. 

Locomotive,  Twelve-Wheel  Narrow-Gauge,  346. 

Locomotive,  Wootien,  459. 

London  Electrical  Railroad,  37. 

Lumber,  Improved  Method  of  Splitting,  185. 

Lynn  Haven  Bay  as  a  Harbor  of  Refuge,  541. 

Mannesman  Tubes,  14. 

Manufactures,  41,  88,  136,    184,   333,  379,  337,   377, 

434,  474,  522. 
Mapping  of  the  World,  246. 
Marine  Boiler,  Carson,  si 5. 
Marine  Engineering.  Thoughts  on,  307,  353. 
Marine  Engine,  Triple-Expansion,  265. 
Marine  Propeller,  Dock's,  183. 
Mason  Brake-Beam  Clamp,  377. 
Matter  of  Importance  to  Railroads,  455. 
Maxim  Flying  Machine,  273,  298. 
McEntee  Coupler,  523. 
Measurement,    Precise   Horizontal,   on  Side-Hills, 

206. 
Mechanical   Drawing,   Essentials  of,   37,    84,    139, 

178,  227,  274,  322.  37t,  418.  469.  5i7,t  565. 
Mechanical   Flight,  Experimental    Researches  on, 

406. 
Mechanical  Treatment  of  Molding  Sand,  163. 
Metal,  Rolling  Fluid,  554. 
Mexican  Central  Compound  Locomotive,  36*. 
Military  Use,  High  Explosives  for,  112. 
Mineral  Wool,  450. 
Mogul  Locomotive,  Japanese,  16^. 
Molder,  Heavy  Standard,  57d. 
Monument,  Bordentown,  540. 
Morande  Bridge  over  the  Rhone,  415. 
Motor,  A  New  Multiptolar.  279. 
Molding  Sand,  Mechanical  Treatment  •f,  163. 
Multipolar  Motor,  A  New,  379. 

National  Convention  of  Railroad  Commissioners, 

59- 
Narrow-Gauge  Locomotive,  A  Twelve-Wheel,  346. 
Naval  Notes,  Foreign,  82,  181,  226,  27^,  321,  515. 
Naval  Ob<ervatory^osition«,  278.  , 

Navy  in  Time  of  Peace,  10,  64,  115,  171,  aio*. 
Navy,  United  States,  33,  8a,  m,  164,  310,  254,  312, 

364,  409.  457.  sot.  545- 
New  Cruiser,  123. 

New  York  &  New  Jersey  Bridge,  33. 
New  York,  Rapid  Transit  in,  399,  371,  490. 
Niagara  Falls,  Utilization  of,  344. 
Norfolk  Improvements,  328. 
North  Sea- Baltic  Ship  Canal,  159. 
Note  for  Surveyors,  113. 
Notes,  392.  J.l'     '    • 

Notes  on  Combustion,  3-7,  411,  444,  496,  J46. 

Observatory  Positions,  Naval,  378. 
Observer,  Average,  360W  •"   •',..■- 
Oder-Spree  Canal,  407. 
Ordnance  Notes,  Army,  68,  223,  367,  355. 

Paint,  439. 

Paint,  Asphalt.  185. 

Paint,  How  to  Design  a,  174,  318.  ^ 

Paint,  Livering  of,  253. 

Paint  Specifications,  233,  351. 

Panama  Canal,  59. 

Parisian  Subway,  130. 

Passenger  Locoinotive,A  Four-Cylinder  Compound, 

*^7- 

Passenger  Locomotive,  Highland  Railway,  557. 

Passenger  Locomotive,  Pennsylvania  Railroad,  353. 

Patent  Centennial,  170,  235. 

Patents,  Recent.  34,  135.  183.  231,  278,  325,  423. 

Peace,  Our  Navy  in  Time  of,  19,  64,   115,  171,  aio. 

Pennsylvania  Railroad  Passenger  Locomotive,  353. 

Pennsylvania  Terminal  Improvements,  373. 

Pigments,  Covering  Power  of,  78. 

Pittsburgh  I..ocomotive  Works,  Switching  Locomo- 
tive, 538. 

Planers,  Smoothing,  for  Wordwoik,  380. 

Planing  or  Scarfing  Machine,  Plate,  475. 

Plate  Girder  Bridce,  A  New,  310. 

Plate  Scarfing  or  Planing  Machine,  475. 

Pneumatic  Hoist.  573. 

Portable  Railroad  Drill,  427. 

Positions,  Naval  Observatory,  =78. 

Practical  Instruction,  An  OpfJortunity  for,  499. 

Practical  Railroad  Information,  Contributions  to, 
78,  174. 382,  351,  3x8,  346,  400,  450,  49», 


MISCELLANEOUS    ARTICLES. 


Preservation   of   Iron   and  Steel  Structural  Work, 
163. 

Preservation  of  Iron  and  Steel  Structures,  Natural 

Asphalt  and  the,  210. 
Pressure,  High,  Boilers  for,  119. 
Problem,  A,  507. 

Problem  in  Surveying,  Answer  to,  123, 
Problem,  Junction,  73. 
Profile  of  River  Bottom,  T.-»king  the,  447. 
Progress  in  Flying  Machine,  29,  461,  508,  558. 
Propeller,  Dock's    Marine,  183. 
Protection  for  Steel  Ships,  Lacquer  as  a,  248. 

Quadruple-Expansion  Engine,  New,  519, 

Rack  Railroad.  Viege-Ztfrmatt,  563. 

Rail-Joint,  Churchill's,  135. 

Rail-Joint,  Connell's,  13";,  326. 

Rail-Joint,  Hunlock"s,  13s. 

Rail,  Lehigh  Valley  Standartl  8o-Lb.,  34.  j 

Railroad  Accidents  in  Great  Britain,  60. 

Railroad,  Cable,  Baltimore,  282. 

"Railroad  Commissioners,  National  Convention  of, 

"     .  59- 

Railroad  Drill,  A  Portable,  497. 

Railroad  Information,  Practical  Contributions  to, 

78,  174,  232,  251,318,  346.  400,  450,  492,551. 
Railroad,  Inter-Connnental,  393,  505. 
Railraad  Inventions,  Edison's,  545. 
Railroad,  London  Electrical,  27. 
Railroad  Materials,  Testing,  368, 
Railroad  Monument  at  Bordenlown,  54^. 
Railro.id  Notes  from  Brazil,  78. 
Railroads,  A  Matter  of  Importance  to,  455. 
Railro.ids.  Argentine,  104,  349. 
Railroads,  Chemistry  Applied  to,  78,  174,  222,  251, 

318,  346,  400,  450,  49a. 
Railroads,  Electric  Light  on,  208. 
Railroads  in  Siam,  105. 
Railroad,  Ship,  The  Chignecto,  126. 
Railroad  Spike,  Novel,  571. 
Railroad  Station,  Australian,  447. 
Railroad  Structures.  Use  of  Wood  in,  74,  60. 
Railroad,  Sumatra  State,  513. 
Railroad,  The  Great  Siberian,  2^.  57,  113,  312. 
Railroad,  Transandine,    Tunneling    Plant   on  the, 

249. 
Railroad,  Trans-Saharan,  67. 
Railroad  Travel,  Discomforts  of,  ?oo. 
Railroad  Tunnels  in  Wisconsin,  312. 
Rails,  Steel,  for  Australia.  233. 
Rapid-FJre  Gun,  Armstrong,  297. 
Rapid  Transit  in  New  York,  299,  371,  490. 
Researches,  Experimental,  on   Mechanical  Flight, 

406. 
Rhone,  Morande  Bridee  over  the,  415. 
Ribbed  Boiler  Tubes,  Serve.  379. 
River  Bottom,  Taking  the  Profile  of  a,  447. 
River  Jetties,  Kirk's,  423. 
River  Work  in  India,  305. 
Road  Bridge,  English,  497. 
Road,  Electric,  City  &  South  London,  424. 
Roads,  Common.  Steam  Carriages  on,  356. 
Rolling  Fluid  Metal,  554. 
Rope  Tramway,  The  Garrucha,  365. 
Russian  Armor  Trials,  84. 
Rusr-Proof  Process,  Gesner,  186. 

Safe  Depository,  Forney's,  for  Sleeping-Cars,  55. 

Safe  High  Explosives,  351. 

Safety  Attachment  for  Valves,  TopliflT,  330. 

Safety  Device  for  Street  Cars,  Appleyard's,  183. 

Safety  Water  Gauge,  562. 

Sand,  Mechanical  Treatment  of  Molding,  163. 

Sault  Sle.  Marie  Canal,  43. 

Sault  Ste.  Marie  Lork,  304. 

Scarfing  Machine,  Plate  or  Planing,  475. 


Second  Century  of  the  American   Patent  System, 

Celebration  of,  170. 
Seine  Tunnel,  209. 
Serve  Ribbed  Bodrr  Tubes,  379. 
Sewall  Coupler  for  Steam  Heating,  572. 
Sewer,  Building  a  Concrete,  ^o^). 
Ship  Building,  Lake,  134. 
Ship  Canal,  North  Sea-Baltic,  159. 
Ship.  Evolution  of  the  Coasting,  326, 
Ship  Railroad,  Chignecto.  126. 
Ships  for  British  Navy,  84. 
Ships,  Steel,  Lacquer  as  a  Protection  for,  248. 
Slam,  Railroads  in,  105. 
Siberian  Railroad,  Government  Surveys  for,  24,  57, 

"3,  3«2. 
Side- Hills,    Precise   Horizontal    Measurement    on, 

206. 
Side-Wheel  Engine,  A  Light,  234,. 
Sinking  df  Blanco  Enca/ada,  442. 
Sioux  City  Bridge,  249. 
SIceping-Car,  Allen's,  184.  ,  g 

Sleeping-Cars,  Forney's  S'afe  Depository  for,  55. 
Slope   Stake   Setter  and  Slope  Indicator,  A  New, 

Smillie  Car  Coupler,  282. 

Smoke  Consumer,  Hutchison's,  43. 

Soap,  492,  551. 

Soaring  of  Birds,  117. 

South  American  Notes,  210. 

Spanish  Cruiser,  A  New,  201. 

Spike,  A  Novel,  571. 

Splitting  Lumber,  Improved  Method  of,  185. 

Standard  Coupler,  Gauges  for  a,  473. 

Station,  Australian  Railroad,  447. 

Station,  English  Suburban,  22. 

Station,    New  Philadelphia  &   Reading   Terminal, 

565. 
Steam  Carnages  on  Common  Roads,  356. 
Steam  Crane,  A  Large,  511. 
Steamer,  French,  A  New,  913. 
Steamer,  Whale-Back,  415. 
Steam  Heating  System,  980. 
Steel  and  Iron  Structures,  Natural  Asphalt  and  the 

Preservation  of,  310. 
Steel  Crank-Shaft,  Experiments  with,  303. 
Steel  Rails  for  Australia,  933. 
Steel  Ships,  Lacquer  as  a  Protection  for,  948. 
Steel  Ties,  Experience  with,  523. 
Steel  Wheels,  Tests  of,  476. 
Stopping  a  Coffer-Dam  Leak,  9.s6. 
Street  Cars,  Appleyard's  Safety  Device  for,  183. 
Structural  Work,  Preservation   of  Iron  and  Steel, 

163,  3to. 
Structures,  Railroad,  Use  of  Wood  in,  14,  60. 
Submarine  Boat,  French,  89. 
Submarine  Boat,  Italian,  84. 
Submarine  Mine  and   Torpedo  in  Harbor  Defense, 

31.  75,  124,  167,  217,  261. 
Suburban  Service,  Locomotive  for,  411, 
Suburban  Service,  English  Locomotive  for,  455. 
Suburban  Traffic,  Tank  Locomotive  for,  129. 
Subway,  Parisian,  120. 
Suggestion  for  Coast   Defense,  494. 
Sumatra  State  Railroad,  513. 
Sundials  for  Low  Latitudes,  301. 
Surveying,  Answer  to  Problem  in,  123. 
Surveyors,  A  Note  for,  113. 
Switching  Locomotive,  Four-Wheel,  501. 
Switzerland,  Viege-Zermatt  Railroad,  563. 
Syenites,  Arkansas,  Tests  of,  13. 

Tank  Locomotive  for  Suburban  Traffic,  129. 

Terminal  Improvements,  Pennsylvania,  273. 

Testing  Machine,  Improved  Torsional,  89. 

Testing  Railroad  Materials,  368. 

Tests,  Government  Timber,  504. 

Tests  of  a  Compound  Locomotive,  268,  467. 


Tests  of  Some  Arkansas  Syenites,  13. 

Tests  of  Steel  Wheels,  476.  ^ 

Tests  of  Varnish,  134. 

Texas  <fc  Pacific  Standard  Coal  Car.  505. 

Theory   of  Universal   Gravitation,  The  Accidental 

Verification  of  the,  266. 
Tie-Plates.  Use  of,  90. 
Ties,  Steel.  Experience  with,  523. 
Tilden  Bridge-Guard,  425. 
Timber  or  Iron,  A  Coffer-Dam  without,  214. 
Timber  Tests,  Government,  504. 
Tire  and  Axle  Specifications,  English,  369. 
Tire  Fastenings,  German,  345 
Topliff  Safety  Attachment  for  Valves,  330. 
Torpedo  and  Submarine  Mine  in  Harbor  Defense, 

31,  75,  124,  167,  917,  261. 
Torsional  Testing  Machine,  Improved,  89. 
Track  Appliances,  279. 
,  Train  Heating,  Automatic.  186. 
Train  Resistance,  Experiments  on,  177;' 
Tramw.-iy,  Rope,  The  Garrucha.  365. 
Transandine    Railroad,    Tunneliag    Plant   on   the, 

949.  . 

Transmission,  Electrical, ?Water  Powers  and,  263. 
Transportation,  Lake,  321. 
Trans-Saharan  Railroad,  67.      ^ 
Travel,  RaUgpad,  Discomfgrts  of,  90o. 
Trial  of  the^oncord,  82. 
Triple- Expansion  Marine  Engine,  265. 
Tubes,  Mannesman,  14. 
Tubular  Boiler,  The  Fowler,  460. 
Tubulous  Boilers,  iiq,  215,  317. 
Tunneling  Plant  on  the  Transandine  Railroad,  949, 
Tunnel,  Seine,  200.  _ 
Tunnels,  Railroad,  in  Wisconsin,  319. 
Tunnel,  The  Braye,  10. 
Tunnel,  The  Glasgow  Harbor,  455. 
Twelve-Wheel  Narrow-Gauge  Locomotive,  246. 

United  States  Navy,  23,  83,  131,  164,  210,  354,  312, 

364,  409,  457,  501,  545. 
Use  of  Tie-Plates,  90. 

Use  of  Wood  in  Railroad  Structures,  14,  60. 
Utilization  of  Niagara  Falls,  344. 

Valves,  Topliff  Safety  Attachment  for,  330. 

Varnish,  Tests  of,  134. 

Varying  Heads,  Water-Power  under,  391. 

Viaduct,  The  Crueize,  105. 

Viege-Zermatt  Railroad,  563. f 

Vyrnwy  Water  Works,  404. 

War-Ships,  English,  182. 
Water  Gauge,  Safety,  569. 
Water  Lift,  a  New,  379. 
Water  Power,  Electric  Lighting  by,  496. 
Water  Power  and  Electrical  Transmission,  263. 
Water  Power  under  Varying  Heads,  331. 
Water-Wheels,  Jet,  137. 
Water  Works,  Vyrnwy,  404.* 
Westinghouse  Governor,  399. 
Westinghouse  Troubles,  i86. 
Whale-Back  Steamer,  415. 
What  the  loo-Ton  Gun  Can  Do,  393. 
Wheels,  Emery,  593. 
Wheels,  Steel,  Tests  of,  476. 
Wind  Power,  Electricity  from,  67. 
Wing's  Centrifugal  Grinding  Machines,  495. 
Wisconsin,  Railroad  Tunnels  in,  319. 
Witherow  Blowing  Engine,  90. 
Wood  in  Railroad  Structures,  Use  of,  14,  60. 
Wood-Worker  and    Molder,    Compound    Univer- 
sal. 378. 
Wood  Working  Machines,  New,  138. 
Woodwork,  Smoothing  Planers  for,  980. 
Wootten  Lo4bmotive,  459. 
World,  Mapping  of  the,  246. 
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Our  supply  of  copies  of  the  Railroad  and  Engineer- 
LVG  Journal  for  June,  1888,  is  entirely  exhausted.  As 
\  we  need  a  few,  any  subscriber  who  may  have  a  copy  of 
that  date,  and  who  does  not  preserve  his  files,  will  confer 
a  favor  upon  the  Journal  by  sending  it  to  the  office.  For 
any  copy  of  that  issue  sent  in,  the  sender  will  receive  a 
credit  of  two  months  on  his  current  subscription. 


The  publication  of  the  next  article  in  the  series  on  Prac- 
tical Railroad  Information  is  necessarily  postponed  until 
the  February  number  of  the  JOURNAL,  owing  to  the  fact 
that  its  preparation  required  an  extended  series  of  experi- 
ments and  the  use  of  some  testing  apparatus  made  espe- 
cially for  this  purpose,  which  could  not  be  completed  in 
time  for  the  present  number. 

The  value  claimed  for  this  series  is  that  it  presents  facts 
obtained  by  careful  tests  and  long  experience  ;  and  its 
authors  desire  to  exercise  the  utmost  care  in  basing  their 
deductions  entirely  upon  such  facts.  That  this,  in  the 
present  case,  involves  some  delay  could  not  be  avoided, 
and  our  readers  will  have  the  full  benefit  of  the  longer  time 
necessary  for  preparation. 


The  removal  of  the  Grant  Locomotive  Works  from  Pater- 
son  and  their  establishment  on  an  enlarged  scale  at  Chi- 
cago are  notable  events  in  their  way.     A  number  of  engines 
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have  been  built  in  railroad  shops  in  the  West  ;  btktHe  new 
Grant  Works  will  be  the  first  large  shop  building  locomo- 
tives for  sale  which  has  been  placed  west  of  Pittsburgh  for  a 
number  of  years.  To  state  all  the  causes  of  this  would 
occupy  too  much  space  ;  but  there  seems  to  be  no  reason 
now  why  Chicago  should  not  be  an  excellent  location  for 
the  works,  and  it  is  to  be  hoped  that  they  will  secure  there 
the  success  which  there  is  every  reason  to  expect  for  them. 
The  new  works  will  be  provided  with  all  the  improve- 
ments in  buildings  and  plant  which  long  experience  in  the 
business  may  suggest  to  their  owners  and  builders. 


The  Intercontinental  Railroad  Commission  has  organ- 
ized by  a  choice  of  Mr.  A.  J.  Cassatt  as  President,  and 
has  begun  its  work  at  Washington.  At  the  first  meeting 
there  were  present  representatives  from  Mexico,  Guate- 
mala, Costa  Rica,  Columbia,  Ecuador,  Venezuela,  Peru, 
Paraguay,  Brazil,  and  the  United  States.  The  Commis- 
sion has  established  its  headquarters  at  No.  1016  Vermont 
Avenue  in  Washington. 


The  Commission  appointed  to  mark  out  a  location  for 
the  bridge  over  the  Hudson  River  at  New  York  has 
adopted  a  report  indicating  the  point  where  the  bridge 
should  be  built,  and  the  lines  for  the  approaches  on  the 
New  York  side  and  the  connections  with  other  railroads. 
This  report  is  opposed,  as  any  such  location  would  be,  by 
parties  interested,  and  may  not  be  finally  approved.  It  is 
said,  however,  that  the  company  will  be  ready  to  begin 
work  as  soon  as  the  location  is  decided  and  the  plans  for 
the  bridge  itself  receive  the  approval  of  the  Secretary  of 
War,  as  required  by  the  act  of  Congress  authorizing  its 
construction. 

The  proposed  structure,  it  will  be  remembered,  is  to 
have  a  single  river  span  of  2,800  it.,  high  enough  above 
the  water  to  avoid  interference  with  navigation.  The 
general  plan  is  that  of  Mr.  Lindenthal,  though  the  precise 
details  cannot,  of  course,  be  decided  on  until  the  ques- 
tions of  location  and  height  are  finally  settled. 

Nothing  has  yet  been  definitely  announced  as  to  the  finan- 
cial arrangements  for  building  the  bridge.  Its  success  will 
depend  very  much  upon  the  railroads  having  their  termi- 
nal stations  on  Jhe  west  side  of  the  Hudson.  If  they  will 
unite  in  using  it  its  traffic  will  probably  piiy  interest  upon 
its  cost,  but  otherwise  the  return  is  doubtful,  for  it  will 
not  be  so  placed  as  to  have  at  once  an  enormous  local 
business,  like  the  Brooklyn  Bridge. 


The  Obelisk  in  the  New  York  Central  Park,  which  was 
treated  for  preservation  some  time  ago,  was  reported  re- 
cently to  be  showing  alarming  signs  of  disintegration 
from  the  effects  of  the  weather.  It  was.  accordingly,  care- 
fully examined  by  a  commission  of  experts,  who  have  re- 
ported to  the  Park  Commissioners  that  the  results  of  the 
former  preservative  treatment  were  excellent,  and  that 
there  is  no  need  of  any  additional  protection  of  the  general 
surface.  Certain  decayed  or  decomposed  spots  exist,  how- 
ever, which  they  recommend  should  be  further  treated  by 
the  process  originally  used — the  paraffine  process — under 
the  charge  of  the  inventor,  Mr.  R.  M.  Caffall.  The  disin- 
tegration in  these  defective  spots  probably  began,  the  ex- 
perts think,  before  the  Obelisk  was  brought  from  Egypt. 


The  Navy  Reports  this  year  show  another  year  of  hard 
work  in  the  extension  of  the  Navy  and  in  building  the  new 
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ships  and  guns  which  are  required  for  its  formation.  The 
Secretary's  report,  a  summary  of  which  will  be  found  on 
another  page,  shows  what  has  been  done  already  and  what 
is  in  progress.  The  reports  of  the  different  bureaus,  which 
are  reserved  for  more  extended  notice  hereafter,  will  show 
the  work  in  detail.  The  Navy  Department  has  been  a 
very  busy  place  for  some  time  past,  and  promises  to  be  so 
for  some  time  to  come. 


The  latest  bids  for  the  construction  of  new  ships  were 
opened  at  the  Navy  Department  on  December  20.  For 
the  harbor  defense  ram — better  known  as  the  Ammen  ram 
— the  only  bid  was  from  the  Bath  Iron  Works  for  $930,000, 
the  ship  to  be  built  on  the  Department  plans,  except  that 
she  shall  not  be  rejected  if  she  fails  to  make  17  knots  an 
hour. 

For  Torpedo-boat  No.  2  three  bids  were  received.  The 
Herreshoff  Company  offered  to  build  a  boat  of  the  size  speci- 
fied, 112  tons  displacement,  for  $93,200,  or  one  of  140  tons 
for  $125,000,  in  either  case  on  bidder's  plans.  The  Cowles 
Engineering  Company,  Brooklyn,  N.  Y.,  offered  to  build 
a  boat  of  112  tons,  on  bidder's  plans,  for  $1 19,940. 

The  contract  for  the  torpedo-boat  has  not  yet  been 
awarded  by  the  Department.  That  for  the  ram  will  be 
given  to  the  Bath  Company. 


THE    SOCIETY   OF    CIVIL   ENGINEERS   ELEC 

TION. 


For  some  time  past  there  has  been  more  or  less  dis- 
satisfaction with  the  management  of  this  Society.  The 
malcontents  gave  expression  to  their  discontent  in  the 
nominations  for  officers  to  be  voted  for  at  the  next  annual 
election,  which  is  now  near  at  hand.  The  office  of  Secre- 
tary seems  to  be  the  chief  point  of  attack,  for  which  posi- 
tion there  are  a  number  of  nominees  and  a  good  deal  of 
wrangling.  The  making  of  nominations  goes  gayly  on, 
declinations  of  candidates  are  numerous,  and  nearly  every 
clique  and  community  represented  in  the  Society  has  its 
own  ticket  in  the  field.  Legal  opinions,  pro  and  con,  are 
quoted  with  reference  to  the  eligibility  of  candidates,  until 
the  contemplation  of  the  canvass  suggests  the  campaign 
of  Parnell  in  Kilkenny.  One  candidate  has  issued  a  cir- 
cular congratulating  the  Society  on  the  high  standard  of 
its  membership,  and  the  fact  that  it  has  "  refrained"  from 
doing  some  things  and  has  "denied"  its  approval  to  others. 
There  seems  to  be  danger  that  in  its  efforts  to  maintain 
its  advanced  standard  of  membership,  the  more  important 
end  of  doing  useful  and  profitable  work  may  be  lost  sight 
of.  The  circular  referred  to  also  says,  that  on  account  of 
the  competition  of  the  various  Engineering  Journals,  which 
pay  more  or  less  liberally  for  contributions,  the  Society 
does  not  receive  many  papers  that  would  otherwise  natu- 
rally come  to  it.  This  is  rather  a  grave  charge  on  the  mem- 
bers and  the  Society.  If  members  who  write  papers  pre- 
fer the  lucre  which  they  get  from  the  Journals  to  the  dis- 
tinction attending  the  reading  of  a  paper  before  an  Associ- 
ation with  a  high  standard  of  membership,  it  shows  that 
either  the  members  are  sordid,  or  the  value  of  the  distinc- 
tion is  low. 

That  there  is  some  influence  in  the  Society  which  pre- 
vents it  from  being  as  useful  as  it  should  be,  or  is  needed 
to  make  it  so,  has  long  been  a  subject  of  remark.  The 
present  campaign  seems  to  indicate  that  the  defect  is 
an  inability  on  the  part  of  the  membership  to   co-operate 


for  the  promotion  of  the  professional  usefulness  of  their 
organization.  For  twenty  years  the  constitution  has 
been  a  perpetual  subject  of  amendment,  and  no  abid- 
ing agreement  with  reference  thereto  could  ever  be 
reached.  It  is  not  a  great  while  ago  since  a  Committee 
of  five  members  was  appointed  to  draw  up  certain  general 
specifications  to  secure  the  safety  of  iron  bridges.  When 
the  Committee  reported  there  were  five  distinct  reports- 
no  two  members  could  agree,  and  the  Society  never  adopt- 
ed any  of  them.  This  inability  to  concur  and  work  to- 
gether seems  to  be  a  professional  defect  of  civil  engineers. 
It  is  due  perhaps  to  the  fact  that  success  in  their  calling 
is  not  dependent  to  any  very  great  extent  on  co-opera- 
tion with  other  people.  The  same  trait  may  be  noted  in 
college  professors.  Mechanical  engineers,  on  the  other 
hand,  cultivate  a  capacity  for  co-operation,  because  their 
success  is  usually  directly  dependent  upon  an  extensive 
and  elaborate  organization  for  the  manufacture  of  more 
or  less  complicated  structures.  The  usefulness  of  a  man- 
ager, or  a  subordinate  officer,  of  a  machine  shop  would 
soon  reach  its  end  if  he  was  unable  or  unwilling  to  concur 
with  his  co-workers. 

Bui  to  return  to  the  election.  A  campaign  like  that  which 
has  been  carried  on  cannot  be  of  much  benefit  to  the  Society, 
and  seems  likely  to  result  in  a  loss  of  influence  and  dignity. 
To  a  great  extent  it  is  a  wrangle  over  the  office  of  the 
Secretaryship.  This  would  be  avoided  in  future  if  the 
Secretary,  instead  of  being  elected  by  a  vote  of  the  mem- 
bers, was  appointed  by  the  Board  of  Directors.  This  would 
be  a  benefit  in  many  other  ways.  The  Secretary  should 
be  the  servant  of  and  be  accountable  to  the  Board.  They 
should  have  entire  control  of  him,  with  the  right  of  appoint- 
ment and  ,dismissal.  They  are  the  only  parties  who  can 
know  whether  he  is  performing  his  duties  properly  or  not. 
If  he  is  not,  the  Board  of  Directors  should  have  power  to 
call  him  to  account.  A  small  body  of  men  like  the  Board 
would  also  be  much  more  likely  to  select  a  person  compe- 
tent for  the  position  than  a  nominating  caucus  will.  The 
Secretaryship  is  the  only  salaried  office  in  the  Society.  It 
therefore  becomes  a  more  or  less  desirable  position  to  attain 
to,  and  there  is  alwajs  the  risk  that  the  election  may  be  at- 
tended by  a  discreditable  canvass,  like  the  present  one.  If 
the  Secretary  was  appointed  he  would  also. feel  more  inde- 
pendent than  he  can  if  his  name  must  be  submitted  annual- 
ly to  the  approval  of  the  whole  membership,  who  cannot 
possibly  know  what  his  qualifications  are,  or  how  he  has 
performed  the  duties  of  his  office.  His  election  is  a  constant 
temptation  to  the  acquisition  of  influence  over  the  mem- 
bership, to  strengthen  him  in  the  position  he  occupies.  His 
duties,  the  control  of  the  correspondence,  and  other  influ- 
ences, can  all  be  used  by  him  to  this  end.  If  he  was  ap- 
pointed there  would  be  no  occasion  to  use  such  arts  to 
make  his  occupancy  of  the  office  secure. 

In  the  Master  Car-Builders'  Association  the  Secretary 
has  been  appointed  instead  of  elected  for  the  past  eight  or 
ten  years,  and  with  the  result  that  the  method  of  appoint- 
ing him  has  avoided  all  electioneering  and  intrigue  to  se- 
cure the  position.  The  clause  of  the  constitution  under 
which  he  is  appointed  is  as  follows  : 

"  A  Secretary,  who  may  or  may  not  be  a  member  of  the 
Association,  shall  be  appointed  by  a  majority  of  the  Execu- 
tive Committee  at  its  first  meeting  after  the  annual  election, 
or  as  soon  thereafter  as  the  votes  of  a  majority  of  the  mem- 
bers of  the  Executive  Committee  can  be  secured  for  a 
candidate.     The  term  of  office  of  the  Secretary  thus  ap- 
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pointed,  unless  terminated  sooner,  shall  cease  at  the  first 
meeting  after  the  next  annual  election  succeeding  his  ap- 
pointment, of  the  Executive  Committee  organized  for  the 
transaction  of  business.  Two-thirds  of  the  members  of 
the  Executive  Committee  shall,  however,  have  power  to 
remove  the  Secretary  at  any  time.  His  compensation,  if 
any,  shall  be  fixed  for  the  time  that  he  holds  office  by  a 
majority  of  the  Executive  Committee." 

If  the  Society  of  Civil  Engineers  would  adopt  this  method 
of  appointing,  instead  of  electing,  their  Secretary,  it  would 
be  sure  to  secure  more  efficient  service  in  that  office  and 
avoid  in  future  the  discredit  of  a  canvass  like  the  one  now 
going  on. 

JOHN  ERICSSON. 

The  Life  of  fohn  Ericsson  :  by  Walter  Conant  Church.  2 
volumes,  illustrated.     (New  York  ;  Charles  Scribner's  Sons.) 

John  Ericsson  was  so  great  an  engineer,  and  was  so  com- 
pletely identified  with  the  progress  of  engineering  during  his 
lifetime  ;  was,  in  fact,  in  himself  so  large  a  factor  in  that  prog- 
ress, that  it  would  be  entirely  out  of  place  here  to  enlarge 
upon  this  point.  He  was  so  peculiar  in  his  life  and  methods 
of  work,  that  while  most  engineers  fully  recognized  his  great- 
ness, while  many  respected  his  authority  as  a  master,  and 
some  were,  in  one  way  or  another,  brought  into  contact  with 
•him,  very  few  knew  him  well  personally,  and  his  private  and 
individual  life  was  almost  a  sealed  book  to  the  world.  What  he 
accomplished  is  on  record,  but  how  he  did  it  and  by  what  proc- 
esses he  reached  his  conclusions  very  few  knew. 

In  writing  his  life  Colonel  Church  had  the  advantage  of  long 
persona]  intimacy,  and  of  full  access  to  the  papers  and  letters, 
granted  him  at  Captain  Ericsson's  own  request.  He  has  made 
liberal  use  of  these  in  the  work,  sometimes  in  a  very  interesting 
way,  sometimes,  it  must  be  said,  in  a  less  artistic  manner.  The 
great  fau  t  of  the  book  is  a  tendency  to  too  great  minuteness  in 
some  points,  while  others  are  left  with  what  appears  to  the 
reader  too  little  explanation.  On  the  whole,  however,  it  is  an 
exceedingly  interesting  book,  and  not  only  tells  the  story  of  his 
great  achievements,  but  also  gives  us  some  idea  of  what  Erics- 
son the  man  really  was  like. 

The  secret  of  Captain  Ericsson's  wonderful  success  was  in  his 
clear  perception  of  principles,  his  mastery  of  details,  his  fer- 
tility of  resources,  and  his  untiring  industry  and  extraordinary 
capacity  for  work.  His  mind  was  wonderfully  acute,  and  he 
could  see  at  once  a  point  which  most  men  could  reach  only 
by  long  study.  He  had  also  a  great  power  of  expressing  his 
ideas,  and  could  convey  them  to  others  with  ease.  Probably 
he  has  never  been  excelled  as  a  draftsman,  and  his  mastery  of 
that  universal  language  of  mechanics  was  of  the  greatest  possi- 
ble service  to  him  throughout  his  active  life. 

The  story  of  his  successes  and  disappointments,  of  his  trials 
and  failures,  is  told  here  in  detail.  We  have  something  of  the 
early  life  which  trained  him  for  the  work  which  he  was  to  do, 
and  something  of  the  later  period  which  was  passed  in  seclusiori 
from  the  world  and  devotion  to  his  work.  He  was  so  com- 
pletely absorbed  in  this  that  he  cared  for  little  else  really,  and 
gave  very  little  lime  to  the  society  of  others,  preferring  k  life 
which  left  him  free  to  think  and  work  out  the  problems  which 
presented  themselves  to  his  continually  inquiring  mind.  He 
had  few  friends  and  fewer  intimates  ;  and  while  he  valued  these 
few  and  held  them  in  high  regard,  yet  he  always  subordinated 
everything  to  his  work.  He  was  fair  and  just  to  other  engi- 
neers and  was  always  willing  to  give  them  credit  for  good  work 
done,  but  he  fully  understood  and  appreciated  his  own  emi- 
nence, and  could  be,  on  occasion,  very  tenacious  of  his  rights. 

The  picture  given  us  is  of  a  great  man,  but  hardly  a  lovable 
one,  even  though  it  seems  that  those  who  knew  him  best  were 


very  strongly  attached  to  him.     It  is  a  most  interesting  picture, 
nevertheless,  and  will  well  repay  a  careful  reading. 


THE    INTERSTATE    COMMERCE    COMMISSION. 


Fourth  Annual  Report  of  the  Interstate  Commerce  Commission  ; 
December  i,  1890.     Washington  ;  Government  Printing  Office. 

The  Interstate  Commission  in  its  present  report  covers  a 
pretty  extensive  field.  The  statement  of  the  work  done  during 
the  year  shows  that  the  Commissioners  are  not  permitted  to 
waste  much  time,  and  also  indicates  some  of  the  difficulties 
under  which  they  labor.  Some  instances  of  the  practical  work- 
ing of  the  law  are  given,  to  show  its  defects  and  the  reasons 
why  less  has  been  accomplished  than  was  expected. 

A  large  part  of  the  report  is  given  up  to  the  discussion  of 
Rates  in  various  forms,  to  through  rates,  rate  cutting,  and  rate 
wars,  and  to  the  much-vexed  "  long  and  short  haul  "  question. 
Ticket  brokerage  and  commissions  on  business  are  also  dis- 
cussed at  some  length  as  a  part  of  the  same  subject.  Something 
is  also  said  of  the  consolidation  of  roads,  and  of  the  control  of 
lines  by  other  companies.  The  Commission  speaks  now  from 
experience,  and  has  reached  a  very  definite  idea  of  what  ought 
to  be  done  in  this  direction — which,  unfortunately,  is  very  far 
removed  from  what  is  done. 

The  report  also  refers  to  what  has  been  effected  by  conference 
with  the  Railroad  Commissioners  of  the  several  Slates.  The 
report  as  issued  does  not  contain  the  statistical  tables,  to  which 
frequent  references  are  made. 

^  In  the  light  of  experience,  the  Commission  makes  a  number 
of  recommendations  for  amendments  to  the  law.  These  in- 
clude a  provision  to  compel  roads  to  co  operate  in  forming 
through  lines  ;  an  amendment  to  make  the  present  act  clearer 
as  to  the  penalties  for  violation  of  the  law,  and  provision  for 
bringing  suit  against  corporations  themselves  ;  an  amendment 
giving  the  Commission  power  to  compel  the  attendance  of  wit- 
nesses ;  one  to  authorize  free  transportation  for  persons  injured 
on  the  road  and  for  those-  going  to  help  them  ;  amendments 
prohibiting  the  payment  of  commissions  and  the  sale  of  tickets 
by  brokers  without  authority  ;  regulating  mileage  charges  for 
the  use  of  cars  owned  by  private  companies  ;  giving  the  Com- 
mission authority  to  call  for  reports  at  intervals  shorter  than  a 
year  ;  and  finally  making  the  findings  of  the  Commission  final 
as  to  fact  in  a  case,  subject  only  to  appeal  to  the  United  States 
Circuit  Court.  c 

All  of  these  amendments  are  suggested  by  experience  in  the 
working  of  the  law,  and  all  of  them  seem  to  be  desirable,  if  the 
law  is  to  be  executed.  That  the  Interstate  Commission  has 
been  of  advantage  both  to  the  people  and  the  railroads  will  now 
be  admitted  much  more  generally  than  would  have  been  the 
case  four  years  ago.  That  it  is  so  is  largely  due  to  the  wise 
selection  of  Commissioners  made  in  the  first  place. 


THE   WASHINGTON   BRIDGE. 


The  Washington  Bridge  over  the  Harlem  River  at  One  Hundred 
and  Eighty-first  Streeet,  New  York.  A  Description  of  its 
Construction  ;  by  William  R.  Hutton,  Chief  Engineer.  (New 
York  ;  Leo  Von  Rosenberg.) 

The  deep  and  narrow  valley  of  the  Harlem  River  north  of 
New  York  City  was  crossed  a  number  of  years  ago  by  what  was 
then  one  of  the  moSt  notable  bridges  in  the  country,  the  stone 
arch  bridge  which  carries  the  Croton  Aqueduct  across  the  river. 
The  High  Bridge,  as  it  is  called,  was  intended  for  the  aqueduct 
alone,  and  is  not  available  for  ordinary  traffic,  and  it  has  been 
necessary  to  erect  near  it  another  notable  structure,  which  is 
known  as  the  Washington  Bridge,  and  which  connects  Tenth 
Avenue  in  New  York  with  the  section  of  the  city  known  as 
Fordham  Heights  on  the  north  side  of  the  river.  This  bridge 
consists  of  two  steel  arches,  one  over  the  river  and  one  over 
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the  railroad  tracks  and  lowlands  on  its  eastern  bank,  and  of 
masonry  approaches  which  are  in  themselves  arch  bridges  of 
considerable  size.  It  is  a  structure  well  worth  the  handsome 
monogragh  in  which  it  is  here  described. 

As  we  have  heretofore  remarked,  the  monograph  is  fre- 
quently a  very  valuable  work  to  engineers,  especially  in  the 
department  of  bridge  construction.  General  4)rinciples  can  be 
given  in  the  ordinary  treatise,  but  it  is  only  by  description  of 
particular  structures  that  we  can  learn  how  the  details  are 
worked  out  and  adjusted  to  fit  varying  circumstances. 

The  great  feature  in  the  book  in  question  is  the  illustrations. 
Besides  the  general  views  and  plans  there  are  photographs  of 
the  masonry  at  different  stages  of  its  erection,  photographs  of 
the  completed  bridge,  of  the  iron  work,  and  finally  a  large  num- 
ber of  drawings  giving  details  of  the  masonry  and  of  the  super- 
Structure  in  a  very  complete  manner.  The  engravings  are  ex- 
cellent, the  drawings  being  clear  and  fine,  and  the  execution 
good. 

The  reading  matter  includes  some  historical  account  of  the 
construction  of  the  bridge,  a  brief  description  and  copies  of  the 
contract  and  specifications.  It  is  to  be  repented  that  greater 
space  was  not  given  to  the  description,  especially  of  the  super- 
structure. It  has  been  abbreviated  so  much  that  it  is  impossi- 
ble to  understand  it  properly  without  reading  the  specifications 
also,  and  many  engineers,  we  think,  would  have  found  it  much 
more  convenient  to  have  the  information  without  recourse  to 
the  latter,  which  are  not  always  easy  reading.  The  drawings, 
it  may  be  said,  are  so  complete  that  it  would  hardly  be  possi- 
ble to  suggest  any  addition.  9 

The  mechanical  execution  of  the  book  is  excellent,  and  the 
publisher  has  brought  it  out  in  a  style  which  leaves  little  to  be 
desired,  and  corresponds  to  the  importance  of  the  book.  It 
may  be  added  that  the  large  plates  giving  views  of  the  different 
divisions  originally  submitted  for  the  bridge  form  an  excellent 
and -very  interesting  addition. 


COMPOUND   LOCOMOTIVES. 

Information  Regarding  Compound  Locomotives  Built  by  the  Rhode 
Island  Locomotive  Works  :  By  C.  II.  Batcheller,  Chief  Drafts- 
man, 

This  is  a  small  volume  of  blue  prints  attached  together,  and 
giving  an  account  of  some  experiments,  or  tests,  made  with  a 
compound  and  a  simple  locomotive  on  The  Brooklyn  and  Union 
Elevated  Railroads,  of  Brooklyn,  N.  Y.  Both  engines  were  of 
the  Forney  type,  with  two  pairs  of  connected  driving-wheels, 
with  a  four  wheeled  truck  supporting  the  tank.  The  driving- 
wheels  were  42  in,  diameter,  loaded  with  a  little  over  45,000 
lbs.  The  cylinders  of  the  simple  engine  were  11^  and  11  in. 
diameter  respectively,  with  16  in.  stroke.  The  compound 
cylinders  were  18  and  11  in.  diameter,  with  16  in.  stroke.  The 
engines  were  alike  in  every  other  respect,  excepting  the  cylin- 
ders. The  experiments  were  made  for  the  Rhode  Island  Com- 
pany, to  guide  them  in  designing  compound  locomotives. 

This  interesting  volume  reached  us  too  late  to  reproduce  any 
of  the  indicator  and  other  diagrams  appended  to  it,  or  even  to 
analyze  it  as  fully  as  it  deserves.  The  compound  engine  was 
of  the  two-cylinder-type,  the  cylinders  being  connected  by  a 
copper  receiver.  A  reducing  valve  is  placed  between  the  re- 
ceiver and  ilic  boiler,  so  that  the  steam-pressure  in  the  receiver 
is  reduced  in  direct  ratio  of  the  piston  areas,  irrespective  of  the 
boiler  pressure.  This  allows  the  compound  to  be  used  as  a 
simple  engine,  and  greatly  increases  its  maximum  power.  In 
ordinary  circumstances  the  engine  starts  from  rest  as  a  simple 
engine,  with  direct  steam  in  both  cylinders,  which  then  have 
equal  power.  When  the  exhaust  from  the  high-pressure  cylin- 
der produces  the  normal  pressure  in  the  receiver,  the  direct 
steam  is  automatically  cut  of?  from,  and  the  receiver  steam  ad- 


mitted into  the  low-pressure  cylinder,  and  the  engine  is  thus 
thrown  into  the  compound  system. 

The  road  on  which  the  experiments  were  made  is  five  miles 
long,  and  in  that  distance  has  16  passenger  stations  and  two 
junction  points,  at  which  stops  were  required.  Tha  trains  con- 
sisted of  two  light  passenger  cars  during  the  middle  of  the  day 
and  late  at  night,  and  three  or  four  cars  during  morning  and 
evening  hours.     The  running  time  is  24  minutes. 

The  experiments  consisted  of  one  day's  service  with  each 
engine.  They  were  started  from  the  yard  at  East  New  York, 
at  6.15  A.M.,  and  ran  six  miles,  with  a  light  four-car  train,  to 
Fulton  Ferry,  where  they  commenced  service,  making  22  trips 
(11  round  trips)  of  five  miles  each,  from  Fulton  Ferry  to  Ridge- 
wood  and  return  ;  then  one  trip  of  four  empty  cars  to  East 
New  York,  six  miles,  making  a  total  train  mileage  of  one  hun- 
dred and  twenty-two  miles  from  6.15  a.m.  to  8  p.m.  The  coal 
used  was  soft  anthracite.  The  steam-pressure  In  the  simple 
engine  was  140  lbs.  and  in  the  compound  153  lbs. 

Under  these  conditions,  the  experiments  showed  that  during 
the  13I  hours  that  each  of  the  engines  were  doing  practically 
the  same  work,  the  simple  engine  burned  3,899  lbs.  of  coal  and 
the  compound  2,430  lbs.,  or  y].i  pet  cent,  less  than  the  simple 

engine. 

This  is  a  very  extraordinary  result  and  deserves  careful  con- 
sideration. The  difference  of  steam-pressure  in  the  two  engines 
will  be  noted.  This,  of  course,  is  a  disparity  in  the  conditions 
under  which  the  experiments  were  made.  If  there  is  any  ad- 
vantage in  using  a  high  pressure  in  a  simple  engine,  it  should 
have  the  advantage  thereof  in  a  comparative  lest  of  this  kind. 

The  report  also  shows  that  the  boiler  of  the  compound  engine 
evaporated  8.25  lbs.  of  water  per  pound  of  coal,  whereas  that 
of  the  simple  engine  evaporated  only  6.69  lbs.  This  is  a  differ- 
ence of  23.3  per  cent.  In  other  words,  as  was  noted  in  these 
pages  with  reference  to  the  experiments  with  the  Baldwin  com- 
pound engine,  the  report  shows  that  the  boiler  of  the  simple 
engine,  which  is  said  to  be  exactly  like  that  of  the  compound, 
is  nevertheless  much  less  economical.  In  the  language  of 
Artemus  Ward,  "  Why  is  this  thus  ?"  The  reason  for  it  is  not 
explained  in  the  report.  If  the  simple  engine  could  have  had 
the  advantage  of  the  higher  steam-pressure,  and  if  the  boiler 
had  been  as  economical  as  that  of  the  compound  locomotive,  it 
seems  probable  that  the  37.7  per  cent,  of  gain  in  fuel  would 
be  considerably  reduced.  What  the  report  shows  now  is  that  a 
compound  locomotive  working  at  a  pressure  of  155  lbs.,  and  an 
efficient  boiler,  burns  less  coal  than  a  simple  engine  with  140 
lbs.  pressure  and  an  inefficient  boiler.  No  one  doubts  this,  but 
what  we  all  want  to  know  is  how  much  coal  will  be  saved  by  a 
compound  locomotive  working  under  the  same  conditions  and 
with  boilers  of  equal  efficiency.  What,  we  think,  may  be  ob- 
jected to  is  saving  coal  in  the  boiler,  and  then  attributing  the 
advantage  to  the  compound  principle  of  working  the  engine. 
It  is  admitted  that  if  this  economy  of  the  boiler  is  due  to,  and 
dependent  upon,  the  compound  feature,  that  it  is  properly  an 
advantage  which  may  be  claimed  for  that  principle,  but  if  the 
same  economy  may  be  obtained  with  a  boiler  of  a  simple  en- 
gine, then  it  is  not  one  of  the  merits  of  compounding.  Thus 
it  may  be  said,  that  the  more  economical  working  of  the  boilers 
is  due  to  the  lighter  exhaust  of  compound  engines.  If  that  is 
so,  it  is  an  easy  matter  to  make  the  exhaust  of  simple  engines 
as  light  as  we  choose.  It  is  not  asserted  here  that  compound 
locomotives  are  not  more  economical  than  simple  ones,  but  the 
extent  of  the  economy  is  a  subject  of  dispute  the  world  over. 
Don't  let  us  be  misled  by  experiments  which  are  not  conclusive. 

The  report  before  us  also  contains  a  number  of  diagrams  show- 
ing the  "  stress  effects"  on  the  crank-pin,  showing  that  a  com- 
pound locomotive  brings  to  bear  upon  the  moving  parts  a  more 
continuous  stress,  or  even  while  subjecting  these  parts  to  loads 
of  less  magnitude  at  the  point  of  maximum  stress,  and  that  the 
effect  of  the  applied  power  is  also  more  regular  in  the  com- 
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pound  engine.  This  is  a  matter  of  more  importance  than  is 
generally  assigned  to  it.  It  is  not  quite  clear,  from  the  descrip- 
tion, or  the  diagrams  themselves,  whether  they  take  into  account 
the  eflfect  of  the  inertia  and  momentum  of  the  reciprocating 
parts,  or  whether  they  represent  only  the  steam -pressure  on  the 
pistons.  The  construction  of  such  diagrams  is  quite  a  compli- 
cated problem,  and  unless  all  the  elements  are  taken  into  ac- 
count, especially  at  high  speeds,  they  are  apt  to  be  misleading. 
It  is  more  important,  however,  that  the  rotative  effect  on  the 
crank-pins  should  be  uniform  in  starting  than  at  considerable 
speeds,  because  as  soon  as  the  rotative  effect  exceeds  the  ad- 

j  hesive.  the  wheels  will  slip.  Consequently,  the  maximum  ro- 
tative effect  which  can  be  exerted  is  that  which  is  equal  to  the 
adhesive.  Now,  it  will  be  obvious  that  if  such  a  maximum 
effect  is  exerted  during  the  whole  revolution  of  the  wheels,  that 
an  engine  will  start  and  pull  a  heavier  train  than  it  would  if  it  is 

;  exerted  at  only  one  or  a  few  points  during  a  revolution,  and 
falls  considerably  below  this  between  these  points.  For  this 
reason  it  is  desirable  that  the  effect  should  be  as  nearly  uniform 
as  possible  during  the  whole  of  the  revolution  of  the  wheels. 

The  report  of  these  experiments  has  been  very  carefully  pre- 
pared, and  in  that  respect  is  a  model  of  its  kind,  and  is  very 
creditable  to  its  author,  and  to  the  Company  which  had  the  en- 
terprise to  have  such  a  series  of  tests  made. 
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NEW   PUBLICATIONS. 

The  Catechism  of  the  Locomotive,   Second  Edition,  Revised 

and  Enlarged :  by  Matthias  N.  Forney,  Mechanical  Engineer. 

(The  Railroad  Gazette  ;  New  York.) 

In  view  of  what  follows,  a  little  explanation  is  perhaps  needed 
here.  The  copyright  of  the  original  edition  of  "  The  Catechism 
of  the  Locomotive"  was  transferred  to  the  present  publishers 
of  the  Railroad  Gazette  some  years  ago,  with  my  interest  in  thaj? 
paper.  The  new  edition  of  that  book  w.is  therefore  writ/en 
under  a  contract  with  the  present  proprietors  of  the  Gazette, 
for  the  publication  of  the  new  edition  of  the  "Catechism." 
Consequently  they  are  the  publishers  of  the  new  edition  of 
the  book  which  has  just  been  issued.  With  its  character  our 
readers  are  already  familiar,  as  nearly  the  whole  of  the  revised 
edition  has  been  published  in  this  Journal.  As  the  sub-title 
indicates,  the  new  edition  is  revised  and  enlarged.  The  old 
took  was  ',\  X  4f  inches  in  size  ;  the  new  one  is  8  X  5f.  The 
old  one  had  609  pages,  the  new  one  has  709.  The  new  edition 
is  printed  in  type  one  size  smaller  than  that  used  in  the  first,  so 
that  the  amount  of  reading  matter  and  the  number  of  engrav- 
ings is  just  about  doubled.  In  the  preface  it  is  stated  that, 
"  since  the  first  edition  was  written,  in  1873,  many  changes  and 
improvements  have  been  made  in  the  construction  of  locomo- 
tives, so  that  in  preparing  a  second  edition  of  the  book  the  first 
one  had  to  be  thoroughly  revised,  and  to  a  great  extent  rewrit- 
ten, and  a  great  deal  of  entirely  new  matter  had  to  be  added  to 
bring  it  up  to  the  present  '  state  of  the  an'  of  locomotive  en- 
gineering." 

Most  of  the  illustrations  are  entirely  new,  and  have  been 
selected  from  the  latest  practice  in  this  country.  Additional 
chapters  have  been  added  on  Force  and  Motion  ;  Resolution  of 
Motion  and  Forces  ;  the  Principles  of  the  Lever  ;  the  Action 
of  the  Piston,  Connecting-rod  and  Crank  ;  Action  of  the  Pis- 
tons, Cranks  and  Driving-wheels  ;  the  Westinghouse  Air-Brake  ; 
the  Care  and  Use  of  Air-Brakes  ;  and  the  Eames  Vacuum  Driv- 
ing-wheel Brake. 

To  make  the  construction  of  the  Air-Brake  clear,  a  large 
folded  plate,  printed  in  three  colors,  showing  the  principal  parts 
of  the  brake  on  an  engine,  tender  and  car,  has  been  added  to 
the  book.  There  are  also  five  other  folded  plates  showing  a  sta- 
tioiiary  engine,  a  diagram  of  the  motion  of  a  slide-valve,  and 
a  side-view,  section  and  plan  of  an  ordinary  locomotive. 

The  presswork  is  only  fairly  good— some  is  positively  bad— 


as,  for  example,  the  full-page  engravings  of  locomotives,  figs. 
100-120.  This  is,  however,  largely  due  to  the  execrable  quality 
of  the  paper  which  the  parsimony  of  the  publishers  has  led  them 
to  use,  and  which  is  disgraceful  to  them,  an  injustice  to  the 
purchasers  of  the  book  and  a  cause  of  mortification  to  its 
Author.  As  an  example  of  the  style  in  which  publications  are 
issued  by  the  Railroad  Gazette,  it  would  seem  likely  to  deter  an 
Author  in  future  from  intrusting  the  issue  of  his  productions  to 
the  company  which  is  responsible  for  printing  a  respectable 
treatise  on  material  like  that  used  in  the  book  which  is  the 
subject  of  this  notice.  M.  N.  F. 

Ninth  Annual  Report  ok  the  United  States  Geological 
Survey  to  the  Secretary  of  the  Interior,  18S7-88  :  J. 
W.   Powell,   Director.     (Washington  ;  Government  Printing 

Office.) 

This  report  shows  the  progress  made  by  the  Survey  during 
the  year  covered  in  topographic  and  geologic  work,  and  con- 
tains also  several  special  papers.  One  of  these  is  on  the  Ge- 
ology of  Cape  Ann  ;  one  on  the  Geology  of  Northwestern  Colo- 
rado, including  also  the  adjacent  parts  of  Utah  and  Wyoming  ; 
one  on  the  Formations  by  the  Vegetation  of  Hot  Springs,  and 
the  fourth  on  the  Charleston  Earthquake  of  1886.  The  last 
named,  which  takes  up  328  pages  of  the  report,  is  accompanied 
by  numerous  illustrations,  and  is  an  exhaustive  account  of  the 
phenomena  observed  in  connection  with  the  earthquake  not 
only  in  and  near  Charleston,  but  throughout  the  country.  It  is 
a  very  interesting  monograph. 

The  administrative  reports  give  a  fair  idea  of  the  amount  of 
work  accomplished  by  the  Survey  during  the  year,  and  the 
extent  of  country  covered  by  its  investigations.  The  topo- 
graphic surveys  covered  an  area  of  52,062  square  miles,  while 
the  geologic  work  was  prosecuted  on  the  Atlantic  Coast,  in  the 
Northeast,  in  the  Lake  Superior  District,  in  the  Appalachian 
Mountain  Region,  in  Colorado,  in  the  Yellowstone  Park,,  and 
on  the  Pacific  Coast.  The  collection  of  mining  and  mineral 
statistics  is  also  an  important  branch  of  the  work,  the  results 
of  which  were  published  some  time  ago. 


The  Civil  Engineer's  Pocket  Book  :  by  John  C.  Trautwine, 
C.E.  Fifteenth  Edition,  Revised.  866  pages,  illustrated. 
(New  York  ;  John  Wiley  &  Sons.) 

Trautwine's  Pocket  Book  has  become  so  much  of  a  standard 
and  so  indispensable  to  engineers  since  its  first  publication,  in 
1876,  that  it  is  not  necessary  to  refer  at  any  length  here  to  its 
contents,  or  to  attempt  any  criticism.  It  was  revised  in  1885, 
when  the  ninth  -edition  was  issued,  and  further  changes  have 
been  made  from  time  to  time.  In  the  present  or  fifteenth 
edition  the  principal  features  are  a  greatly  enJarged  article  on 
Weirs,  with  suggestions  for  small  measuring  weirs,  and  a  new 
article  on  Centrifugal  Force.  Minor  changes  have  also  been 
made  in  a  number  of  other  places  in  the  way  of  correction  or 
the  addition  of  new  information. 

It  is  apparent  that  not  much  further  addition  can  be  made 
without  departing  from  the  form  of  a  pocket  book.  It  is 
already  almost  too  large,  and  yet  for  the  purpose  for  which  it  is 
intended  it  is  difficult  to  see  how  anything  could  be  omitted  and 
still  leave  it  the  general  hand-book  of  condensed  information 
which  it  now  is. 

Geological  Survey  ok  New  Jersey  :  Final  Report.  Vol- 
ume II,  Fart  2  .•  Mineralogy,  Botany,  Zoohgy.  (Trenton, 
N.  J.;  State  Printers.) 

This  is  the  third  volume  of  the  Final  Report  of  the  Geological 
Survey  of  New  Jersey,  a  work  which  stands  among  the  best 
and  most  thoroughly  executed  of  any  of  its  kind  undertaken  in 
this  country.  This  part  is  taken  up  by  a  catalogue  of  the  insects, 
animals,  birds,  fishes,  and  reptiles  found  in  the  State,  with 
brief  accounts  of^  the  various  species  ^and  the  localities  where 
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they  are  to  be  looked  for.  Necessarily  its  interest  is  rather  for 
the  student  than  the  general  reader,  and  it  would  be  somewhat 
presumptuous  to  attempt  to  criticise  it  without  long  and  careful 
study.  It  is  sufficient  to  say  that  the  work  has  evidently  been 
carefully  and  thoroughly  done.  That  822  pages  should  be  re- 
quired for  the  catalogue  will  surprise  most  people,  for  no  one 
who  is  not  a  careful  observer  of  such  matters  will  appreciate 
the  infinite  variety  of  animal  life  to  be  found  even  in  a  small 
State,  especially  where  the  surface  is  of  so  varied  a  character  as 
is  presented  by  New  Jersey. 

It  is  interesting  to  note  that  the  larger  wild  animals  have  al- 
most disappeared  from  the  State.  The  panther  and  wolf  are 
known  only  by  tradition  ;  the  bear  and  even  the  wild-cat  are 
exceedingly  rare,  while  deer,  once  abundant,  are  now  only  oc- 
casionally found.  In  a  State  so  thickly  settled  as  New  Jersey 
there  is  little  chance  for  any  wild  animals  too  large  to  conceal 
themselves  readily. 

The  report  bears  the  signature  of  the  late  Professor  George 
H.  Cook,  who  organized  the  Geological  Survey  and  conducted 
it  until  his  death  with  much  ability.  The  present  volume,  how- 
ever, has  been  completed  and  issued  under  the  charge  of  Pro- 
fessor Cook's  assistant  and  successor,  Mr.  Irving  S.  Upson. 


Permanent  Fortification  for  English  Engineers  :  by 
Major  J.  F.  Lewis,  R.E.  (323  pages,  43  plates).  (Chatham, 
England  ;  published  for  the  Royal  Engineers'  Institute.) 

"This  book  is  written  to  save  engineer  officers  trouble,"  is 
the  opening  sentence  of  the  work,  and  it  clearly  explains  the 
purpose  for  which  it  was  prepared.  It  gives  in  a  permanent 
form  the  practical  information  regarding  the  construction  of 
batteries,  magazines,  and  the  mounting  of  guns,  as  practised 
in  the  English  service,  which  an  officer  detailed  upon  such  work 
might  not  otherwise  have  at  hand. 

Aside  from  the  purely  technical  information  contained  in  the 
book,  something  of  interest  to  the  general  reader  will  be  found 
in  the  fairly  good  idea  it  gives  of  English  sea-coast  defense.  It 
is  interesting  to  note  the  manner  in  which  the  English  engineer 
has  met  the  problem  of  preparing  masonry  fortifications  to  re- 
sist the  attack  of  modern  artillery.  Wrought-iron  shields  for 
guns  and  fronts  for  batteries  were  applied  some  years  ago  to  all 
their  important  works.  It  is  now  proposed  to  increase  the  thick- 
ness of  metal  as  thus  applied,  and,  in  addition,  to  support  it 
with  heavy  cast-iron  blocks,  after  the  pattern  of  Grtison  armor. 
Protection  of  open  batteries  against  vertical  fire  is  to  be  secured 
by  preparing  them  for  a  temporary  cover  of  iron  or  timber,  or 
both,  in  time  of  war. 

BiBLlOTHECA  PoLYTF.CHNICA.  Directory  of  Technical  Litera- 
ture :  A  Classified  Catalogue  of  all  Books,  Annuals,  and  Jour- 
nals published  in  America,  England,  France  and  Germany. 
Edited  by  Fritz  von  Szczepanski.  (St.  Petersburg  ;  Fritz  von 
Szczepanski,  and  New  York  ;  the  International  News  Com- 
pany, price,  75  cent«.) 

Such  a  catalogue  as  is  proposed  in  the  title  of  this  book  is  no 
light  undertaking,  and  its  execution  must  have  cost  a  large 
amount  of  labor.  As  to  its  completeness  one  can  only  judge 
after  using  the  book  some  time  ;  at  present  all  that  can  be  said 
is  that  it  presents  a  very  large  number  of  titles,  arranged  care- 
fully under  appropriate  heads.  The  titles  of  the  various  divi- 
sions are  printed  in  English,  French,  and  German  ;  those  of 
the  books  and  journals  in  the  language  in  which  they  are  printed. 
The  name  of  the  publisher,  the  place  of  publication,  and  the 
price  are  appended. 

It  is  to  be  regretted  that  the  publisher  did  not  adopt  a  some- 
what larger  type,  even  at  the  risk  of  making  a  more  bulky 
book.  The  type  used  is  somewhat  trying  to  the  eye.  Fortu- 
nately the  press-work  is  good  and  the  pages  clearly  printed. 

The  book  cannot  fail  to  be  useful  to  the  student  of  technical 
literature,  and  may  often  save  him  a  tedious  search  for  works 
on  some  special  subject. 


The  New  York  and  Brooklyn  Bridge  :  Plans  of  the  Ma/ij 
Transit  Cable  Company  for  System  and  Terminals  :  by  A, 
Bryson,  Jr.,  C.E.  (New  York  ;  issued  by  the  Rapid  Trani^ii 
Cable  Company.) 

Mr.  Bryson's  pamphlet  is  an  addition  to  the  already  volumin- 
ous  literature  on  the  Brooklyn  Bridge.  It  is  devoted  to  a  state. 
ment  of  the  plan  which  he  has  worked  out  for  arranging  the 
terminals  and  operating  the  road  in  such  a  way  as  largely  to 
increase  its  carrying  capacity.  It  is  fully  illustrated  by  plans 
and  drawings. 

This  plan,  it  is  claimed,  will  not  only  improve  the  speed  of 
trains  and  diminish  the  chances  of  accident,  but  it  will  shorten 
the  time  now  required  at  the  terminal  stations  and  will  do  away 
with  the  use  of  locomotives  for  switching  trains.  The  arrange- 
ment proposed  consists  of  three  circular  loop  tracks  at  the  ter- 
minus, around  which  trains  can  be  run  without  stopping  or 
reversing  their  motion  ;  some  improvements  in  grip  and  detajjs 
of  working  the  cable  are  also  included. 


Mechanics  of  Engineering  and  of  Machinery  ;  by  Dr. 
Julius  Weisbach.  Volume  III,  Part  I,  Section  II :  Mechatius 
of  the  Machinery  of  Transmission.  Second  Edition,  Revised 
and  Enlarged,  by  Professor  Gustav  Herrmann.  Translated 
by  Professor  J.  F.  Klein,  D.E.  (New  York  ;  John  Wiley  .\: 
Sons.  550  pages,  price,  $5.) 

This  volume  is  a  small  part  of  the  new  edition  of  Weisbach's 
great  work,  which  is  now  being  published  in  Germany,  and  on 
which  the  editor  has  been  engaged  for  a  number  of  years.  The 
present  section  includes  nine  chapters  :  Ropes  and  Chains  ; 
Screws  ;  Crank  Trains  ;  Cam  Trains  ;  Engaging  and  Disengag 
ing  Gear  ;  Regulators.  There  is  also  an  appendix  on  the  Graph 
ical  Statics  of  Mechanisms. 

The  translation  appears  to  be  a  very  faithful  one,  and  the 
engravings  are  the  same  as  those  used  in  the  German  edition. 

The  value  of  Dr.  Weisbach's  work  is  well  known  to  those 
engineers  who  believe  in  his  methods  of  treating  the  subject, 
and  do  not  need  criticism  here.  Where  mathematical  treat- 
ment and  analysis  are  wanted  his  book  is  unquestionably 
very  high  authority,  and  no  one  will  dispute  its  excellence. 

The  engravings  are  clear,  but  not  by  any  means  fine.  They 
have  had  the  advantage  of  good  paper  and  careful  press-work, 
for  the  mechanical  execution  of  the  volume  is  excellent. 


The  Mechanics'  Complete   Library:   Modern  Rules,  Facts' 
Processes,   etc.,  etc.     For  Engineers,  Mechanics,   Electricians, 
etc.     Compiled  by  Thomas  F.  Edison,  A.M.,  and  Charles  J. 
Westinghouse.     (Chicago  ;  Laird  &  Lee.) 

The  contents  of  this  book  may  be  described  by  one  word- 
hash  ;  or  perhaps  this  is  not  comprehensive  enough,  so  that  the 
Spanish  term,  olla  podrida — which  the  dictionary  says  is  "  a 
dish  consisting  of  a  mixture  of  all  kinds  of  meat,  chopped  fine 
and  stewed  with  vegetables" — being  more  comprehensive,  is  bel- 
ter. In  other  words,  it  is  a  miscellaneous  collection  of  selec 
tions,  taken,  apparently,  from  books,  newspapers,  or  any  other 
source,  without  order,  classification,  or  any  object,  excepting  to 
fill  a  certain  number  of  pages,  which  will  attract  the  attention 
of  mechanics  of  limited  education.  The  materials  used  in 
making  hash  are  usually  good,  bad,  and  indififerent.  The  same 
is  true  of  the  contents  of  the  book  which  is  the  subject  of  this 
notice.  This  much  the  reviewer  feels  bound  to  say,  because  he 
found  some  of  his  own  productions  formed  part  of  the  stew. 
Hash  and  the  book  are  alike,  too,  in  the  fact  that  the  one  would 
be  nutritious  to  a  person  physically  hungry,  and  the  other  to 
those  who  never  have  had  much  intellectual  food  of  this  kind. 
The  book,  in  fact,  is  hardly  worthy  of  notice,  but  doubtless  will 
serve  a  more  or  less  good  purpose  to  those  whose  mental  tether 
is  very  short. 
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Consolidated  Safety  Valve   Company,    HI    Liberty   Street,    New 
York. 

This  is  a  neat  pamphlet,  with  57  pages  t\  X  9i  inches  in 
size.  It  illustrates  by  engravings  and  descriptions  all  the 
varieties  of  "  Pop"  safety  valves  manufactured  by  this  Com- 
pany, with  the  methods  of  applying  and  using  them.  The 
illustrations,  paper,  and  printing  are  all  good. 


The  As  hero  ft  Manufacturing    Company,    iii    Liberty    Street, 
New  York.  • 

This  Company  makes  steam-gauges,  gauge-cocks,  water- 
gauges,  pipe-tools,  low  water  detectors,  furnace  doors,  oil- test- 
ing machines,  steam-engine  indicators,  etc.,  all  of  which  are 
well  illustrated  and  described  in  their  catalogue  before  us.  It  is 
of  the  same  size  and  "  get  up"  31s  that  of  the  Consolidated 
Valve  Company. 

Pedrich  (Sr*  Ayer,  Philadelphia. 

Like  all  the  printed  matter  emanating  from  this  establish 
ment,  their  new  catalogue  is  unsurpassed  in  what  may  be  called 
its  mechanical  fabrication.  Its  paper,  typography,  engraving, 
border-lines,  corner  ornaments,  are  all  in  good  taste.  The  book 
is  bound  in  paper,  has  66  pages  9}  X  12^  inches  in  size.  Each 
page  has  a  light  gray  tint  over  the  surface  occupied  by  the  let- 
terpress, which  makes  it  very  pleasant  to  the  eye  in  reading. 
Our  criticism  is  that  the  pages  are  too  large,  which  makes  the 
volume  inconvenient  to  store  and  handle.  This  is  noticeable, 
because  all  the  engravings  would  go  on  a  page  half  as  large. 

The  illustrations  and  descriptions  are  of  the  machines  made 
by  this  Company,  consisting  of  Milling  Machines,  the  methods 

I  and  purposes  for  which  these  are  used  ;  Cylinder  Boring  and 
Facing  Machines,  Duplex  Boring  Machines,    Portable  Boring 

[Machines,    Universal    Grinding    Machines,    Richard's    Patent 

'Open-Side  Planing  and  Shaping  Machines.     These  are  all  beau- 

'  tifully  illustrated. 


Catalogue  No. 
N.  Y. 


I.     (Consolidated  Car-Heating  Company,  Albany, 


The  consolidated  Car-Heating  Company  announce  in  this 
catalogue  that  they  have  succeeded  to  the  business  and  own  the 
patents  formerly  the  property  of  the  Sewall  Car-Heating  Com- 
pany, the  McElroy  Car-Heating  Company  ;  (Westinghouse) 
Standard  Car-Heating  and  Ventilating  Company  ;  (Murdoch- 
Peerless)  Automatic  Car-Heating  Company,  and,  in  part,  the 
(Lcland)  Universal  Car-Heating  Company,  thus  controlling 
some  100  patents  covering  the  whole  field  of  car-heating. 

The  catalogue  before  us  contains  descriptions  of  the  various 
systems  and  the  apparatus  recommended  by  the  Consolidated 
Company,  with  details  of  the  various  parts  to  facilitate  ordering 
these  separate  parts.  The  book  is  7  X  10  in.,  and  contains 
114  pages,  with  over  100  engravings.  The  catalogue  is  well 
printed  on  good  paper,  with  excellent  engravings.  The  criti- 
cism we  feel  disposed  to  make  on  it  is  that  it  contains  too  much 
of  commendation  and  not  enough  of  elucidation.  A  volume  of 
this  kind  ought  to  be  an  elementary  treatise  on  the  subject  to 
which  it  relates.  To  some  extent  the  catalogue  before  us  is  a 
treatise,  but  if  it  explained  the  apparatus  for  car  heating  more 
fully,  the  volume  would  be  more  useful  to  many  readers.  As 
catalogues  go,  it  is  an  excellent  one. 


Schoen  Manufacturing  Company,  Pittsburgh,  Pa. 

This  Company  make  various  articles  used  in  car  construction 
out  of  pressed  steel.  Among  these  are  stake  pockets,  center- 
plates,  draw-bar  attachments,  corner  bands,  dead-blocks,  bol- 
ster guide-bar  columns  and  plates,  brake-beams,  etc.     These 


are  all  described  in  their  catalogue  and  illustrated  with  suiuble 
engravings. 

In  the  introduction  to  their  catalogue,  Messrs.  Schoen  say 
that,  "  By  the  use  of  their  articles,  the  weight  of  the  ordinary 
freight  car  will  be  decreased  from  800  to  1,200  pounds,  the 
cost  of  repairs  reduced  to  a  minimum,  and  the  appearance  of 
the  car  greatly  improved,  all  without  material  increase  in  cost 
of  construction." 

This  leads  to  the  reflection  of  what  might  be  accomplished  if 
some  master  of  design,  with  sufficient  knowledge  of  car  con- 
struction, could  have  an  opportunity  of  designing  a  freight  car 
with  reference  to  a  reduction  of  dead-weight.  Various  efforts, 
it  is  true,  have  been  made  in  this  direction  in  years  past,  but 
those  who  have  undertaken  it  have  generally  been  deficient  in 
one  or  more  of  the  following  qualifications — first,  theoretical 
knowledge  of  the  strength  and  strains  on  materials,  second, 
capacity  for  designing,  and  ingenuity  in  the  adaptation  of  me- 
chanical means  to  accomplish  required  ends,  or  third,  practical 
and  thorough  knowledge  of  car  construction.  It  seems  certain 
that  a  person  with  these  requisite  qualifications  might,  by  using 
Messrs.  Schoen's  and  other  improved  devices,  greatly  reduce 
the  weight  of  cars  without  any  material  increase  in  cost  or  de- 
crease in  strength  or  endurance. 


Thachers  Calculating  Instrument, 

This  is  a  small  pamphlet  issued  by  Messrs.  Keuflfel  &  Esser, 
of  New  York,  and  Mr.  Edwin  Thacher,  of  Louisville,  Ky.,  the 
inventor  of  the  instrument.  The  pamphlet  contains  a  meager 
description  of  the  instrument  and  a  large  number  of  testi- 
monials with  reference  to  its  usefulness.  The  instrument,  it  is 
said,  "  consists  of  decimal  scales  arranged  in  parallel  lines  on 
the  surface  of  a  cylinder  and  on  the  inclined  sides  of  triangular 
bars  forming  an  open  framework,  within  which  the  cylinder 
can  be  revolved  or  moved  back  and  forth.  By  these  move- 
ments any  required  portion  of  the  scales  on  the  cylinder  are 
brought  opposite  any  required  portion  of  the  scales  on  the  bars, 
and  the  use  of  the  instrument  consists  in  the  setting  and  read- 
ing of  these  scales,  a  simple  operation  readily  acquired. 

"  The  object  of  the  instrument  is  to  overcome  the  drudgery 
of  calculation,  and  accomplish  rapidly  by  mechanical  means 
otherwise  tedious  arithmetical  solutions.  By  the  use  of  the  in- 
strument the  mind  is  not  only  greatly  relieved,  but  results  are 
more  reliable  than  when  worked  out  in  the  usual  way.  There 
is  less  liability  to  error  in  the  setting  and  reading  of  the  scales 
than  in  ordinary  arithmetical  processes,  but  if  mistakes  should 
occur  the  work  can  be  rapidly  checked.  After  becoming  once 
familiar  with  the  instrument,  results  are  obtained  with  great 
rapidity  ;  this  not  only  applies  to  ordinary  calculations,  but 
complicated  formulas  involving  powers  and  roots  are  worked 
with  equal  facility.  The  useful  applications  of  the  instrument 
are  as  general  as  the  rules  of  arithmetic.  Examples  in  multi- 
plication, division,  proportions,  powers  or  roots  involving  not 
more  than  three  quantities,  are  solved  by  one  operation,  and 
any  number  of  values  of  a  single  variable  are  found  by  <^ne 
setting  of  the  instrument." 


BOOKS    RECEIVED. 


Determination  af  the  M^ean  Density  of  the  Earth  by  means  of  a 
Pendulum  Pritui pie  :  by  J.  Wilsin;^.  Translated  and  Condensed 
by  y.  Howard  Gore.  From  the  Smithsonian  Report  for  1888. 
Washington  ;  Government  Printing  Office. 

First  Lessons  in  Metal  Working :  by  Professor  Alfred  G. 
Comptou.     New  York  ;  John  Wiley  &  Sons  (price,  $1.50). 

Valve-Gears  :  by  Passed  Assistant  Engineer  H.  W,  Spongier, 
U.  S.  N.  Analysis  by  the  Zeutter  Diagram.  New  York  ;  John 
Wiley  &  Sons  (176  pages,  106  illustrations  ;  price,  $2.50). 
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Monographs  of  the  United  States^  Geological  Survey.  Volume 
/.,  Lake  Bonneville;  by  Grove  Karl  Gilbert.  Washington; 
Government  Printing  Office. 

Annual  Report  of  the  Commissioner  of  Patents  for  the  Year 
1889.     Washington  ;  Government  Printing  Office. 

Annual  Report  of  the  Chief  of  the  Bureau  of  Statistics, 
Treasury  Department,  on  the  Foreign  Commerce  of  the  United 
States  for  the  Year  Ending  ftine  30,  l8go  :  .S'.  G.  Brock,  Chief 
of  Bureau.     Washington  ;  Government  Printing  Office. 

De  la  Production  et  t Emploi  de  la  Vapeur  Consideree  ctmme 
Force  Motrice :  par  MM.  Lencauchcz  et  L.  Durant.  Paris, 
France  ;  G.  Steinheil.  This  is  a  reprint  in  pamphlet  form  of  a 
paper  prepared  for  the  Societe  des  Ingenieurs  Civiis  at  Paris. 

Les  Avantages  de  la  Haute  Pression  de  la  Vapeur  dans  les 
Machine  Compounds  :  par  M.  A.  Lencauchez.  Paris,  France  ; 
published  by  the  Author.  Like  the  preceding,  this  is  a  reprint 
from  the  proceedings  of  the  Societe  des  Ingenieurs  Civiis. 

A  Comparison  of  the  Ball  Automatic  Cut-off  Gear  and  the 
Stephenson  Link  Motion  :  by  Harry  P.  Jones,  M.  E.  Ports- 
mouth, N.  H.  ;  published  for  the  Author.  This  is  a  reprint  of 
a  paper  presented  at  the  Indianapolis  meeting  of  the  American 
Association  for  the  Advancement  of  Science,  and  subsequently 
published  in  the  Stevens  Indicator. 

Prospectus  of  the  National  Electric  Light  Association.  New 
York  ;  issued  by  the  Association. 

Bulletins  of  the  United  States  Geological  Survey  ;  Nos.  58,59, 
60,  61,  63,  t^and 66.  Washington,  Government  Printing  Office. 

The  Metric  System  :  Detailed  Information  as  to  Laws,  Prac- 
tice, etc.     New  York  ;  the  .American  Metrological  Society. 

Columbia  Cycle  Calendar  for  1891.  Boston  ;  the  Pope  Man- 
ufacturing Company.  This  is  an  exceedingly  convenient  cal- 
endar for  the  desk. 

How  to  Bore  a  True  Hole  :  Waterman  s  Book  about  Nichol- 
son s  Horizontal  Borer.  Providence,  R.  I.;  the  Nicholson  & 
Waterman  Manufacturing  Company. 

Municipal  Lighting  :  by  M.  f.  Francisco.  With  Appendix  : 
Correspondence  with  John  P.  Barrett,  of  Chicago.  New  York  ; 
published  by  order  of  the  National  Electric  Light  Association. 

Quarterly  Report  of  the  Chief  of  the  Bureau  of  Statistics,  Treas- 
ury Department.  Relative  to  the  Imports,  Exports,  Immigration 
and  Navigation  of  the  United  States  for  the  Three  Months  end- 
ing June  yi,  1890  :  S.  G.  Brock,  Chief  of  Bureau.  Washington  ; 
Government  Printing  Office. 

Transactions  of  the  Canadian  Society  of  Civil  Engineers  :  Vol- 
ume III,  fanuary— December,  1889.     Montreal  ;  printed  for  the 

Societv. 
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ABOUT  BOOKS  AND  PERIODICALS. 


A.MONG  the  articles  in  Bklford's  Magazine  for  December 
is  one  by  E.  F.  Boyd  on  the  Power  of  the  United  States,  which 
contains  some  predictions  as  to  the  future  growth  of  the  country 
in  population.  An  article  on  the  Merrimcu  and  the  Monitor, 
by  J.  L.  Le  Faucheur,  gives  the  often-told  story  of  the  first 
fight  of  iron-clads  from  a  Confederate  point  of  view.  Military 
readers  will  be  interested  in  the  two  articles  by  Generals  Long- 
street  and  Trumbull  sharply  criticising  Lord  Wolseley's  work 
as  a  military  critic.  This  magazine  has  its  own  opinions  on 
current  topics,  and  does  not  hesitate  to  express  them  in  a  very 
emphatic  and  readable  way. 

The  large  number  of  readers  who  wish  to  know  something 
of  foreign  magazine  literature,  but  have  not  time  or  opportunity 
to  read  the  foreign  periodicals,  should  be  grateful  to  the  Eclec- 
tic Magazink  for  the  judicious  selection  whjcb  it  presents  each 


month.  A  striking  article  in  the  December  number  is  an  ap. 
preciative  review,  from  Blackwood's  Magazine,  of  Captain  Mo- 
han's "  Influence  of  Sea  Power  on  History" — a  remarkat  le 
book,  by  an  American  naval  officer  of  high  standing. 

The  December  number  of  Scribner's  Magazine  is  a  Christ- 
mas  number,  and  is  given  up  chiefly  to  holiday  literature  of  the 
lighter  kind.  It  contains  the  first  of  Sir  Edwin  Arnold's  papers 
on  Japan,  which  is  a  general  description  of  the  country,  and  is 
apparently  a  preliminary  or  introductory  paper  for  the  series 
which  will  follow  it. 

With  the  December  number  the  Arena  begins  its  second 
year,  and  it  may  be  said  that  in  its  first  this  magazine  has  fairly 
earned  success.  As  a  field  for  the  full  and  free  discussion  of 
social  and  economic  questions  of  current  interest  its  name  is 
well  chosen,  and  it  has  made  for  itself  a  recognized  position 
which  no  other  magazine  holds  or  has  held  heretofore.  That 
this  is  no  easy  thing  for  a  new  periodical  to  do  hardly  needs  to 
be  said,  but  in  this  case  the  place  has  been  secured  by  merit- 
ing it. 

Like  some  of  the  other  magazines.  Harper's  for  December 
is  a  holiday  number,  and  is  chiefly  given  over  to  lighter  litera- 
ture. Mr.  Charles  Dudley  Warner's  sketches  of  Southern 
California  are  continued  in  this  number,  picturing  a  very  at- 
tractive country,  with  a  solid  basis  for  continued  growth  in  its 
natural  advantages  and  resources. 

In  the  Popular  Science  Monthly  for  December  an  illus- 
trated article  on  Early  Steps  in  Iron  Making,  by  W.  F.  Durfee, 
is  the  first  of  a  series  of  articles  on  the  Development  of  Ameri- 
can Industries  since  Columbus.  These  will  include  all  the 
prominent  branches  of  manufacture,  and  will  be  written  by 
experts  in  the  several  branches.  Mr.  Barr  Ferree  writes  in 
this  number  on  Architecture  and  its  Environment.  A  strikini; 
article  on  the  Identity  of  Light  and  Electricity  is  by  Professor 
Henri  Hertz. 

The  reader  who  is  interested  in  outdoor  sports  of  all  kinds 
will  find  Outing  for  December  an  excellent  winter  numbei. 
As  usual  with  this  rragazine  also,  no  inconsiderable  amount  of 
information  on  travel  and  geography  can  be  found  in  its  col- 
umns for  the  month. 

A  number  largely  historical  is  presented  by  the  Overla.nd 
Monthly  for  December.  General  John  Bidwell  contributes 
some  interesting  reminiscences  of  the  Conquest  of  California, 
and  Mr.  Willard  B.  Farwell  concludes  his  paper  on  the  much 
disputed  question  of  Fremont's  Place  in  California  History. 
Eastern  Oregon  finds  its  place  in  a  short  but  comprehensive 
article.  Those  who  like  to  read  of  the  less  known  parts  of  the 
earth  will  find  much  information  in  a  paper  on  Borneo  and 
Labuan,  by  a  writer  whose  name  is  not  given. 

M.  Mallet,  the  well-known  French  engineer,  has  issued  in 
pamphlet  form  a  paper  prepared  by  him  for  the  Societe  de< 
Ingenieurs  Civiis  at  Paris  on  the  Development  of  the  Applica- 
tion of  the  Compound  System  to  Locomotives.  It  is  an  intei 
esting  study  on  the  subject,  and  is  illustrated  by  a  number  of 
diagrams.  ^ 

The  latest  quarterly  number  of  the  Journal  of  the  Ameri 
can  Society  of  Naval  Engineers  contains  articles  on  the  Graphic 
Method  for  Determining  and  Counterbalancing  the  Centrifugal 
Action  of  the  Connecting-Rod,  by  Passed  Assistant  Engineer 
A.  B.  Canaga  ;  the  Ericsson  Compound  Engine  and  Belleville 
Boiler,  by  Chief  Engineer  B.  F.  Isherwood  ;  New  Forms  of 
Evaporators,  by  Passed  Assistant  Engineer  G.  W.  Baird  : 
Analysis  of  Engine  Trials,  by  Assistant  Engineer  W.  H.  Allder 
dice  ;  Trial  of  the  Philadelphia,  by  Assistant  Engineer  W.  H- 
Chambers  ;  Trial  of  the  San  Francisco,  by  Passed  Assistant 
Engineer  E.  T.  Warburton.  There  are  also  a  number  of  in- 
teresting short  notes  on  current  topics,  and  a  continuation  of 
the  discussion  on  Tubulous  Boilers. 
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THE  NEW  GEODETIC  SURVEY  OF  FRANCE. 


^(Condensed  from  Le  Genie  Civil.) 


A  GENERAL  geodetic  survey  of  France  was  projected 
some  time  ago,  and  was  begun  under  the  direction  of  M. 
Bourdaloue  in  1857,  but  was  abandoned  in  1864,  after  the 
base-lines  only  were  completed. 

The  new  general  survey  was  begun  in  1884  and  is  now 
in  progress  ;  it  comprises  : 

I.  A  new  system  of  base-lines,  in  all  about  7,500  miles 
long.     These  generally  follow  the  main  lines  of  railroad. 


Fig.  I. 


also  a  yearly  period,  and  varying  from  one  staff  to  another. 
The  divisions  are  in  centimeters,  5  millimeters  and  2  mil- 
limeters. These  divisions  are  not  accurately  equal,  a  sys- 
tematically erroneous  division  being  preferred,  in  which 
the  law  of  error  is  only  known  at  the  central  office,  as  thus 
it  becomes  more  difficult  for  the  operators  to  attempt  to 
correct  any  observations  the  results  of  which  do  not  suffi- 
ciently agree. 

About  two-thirds  of  the  base-lines  are  now  leveled,  and 
this  first  part  of  the  work  will  be  finished  before  three 
years.  The  probable  error  amounts,  on  the  average,  to 
less  than  0.9  millimeter  for  a  distance  of   i    kilometer 
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the  easy  grades  of  which  permit  very  accurate  leveling 
and  measurement. 

2.  Subordinate  detail  lines,  including  about  500,000 
miles  in  all. 

3.  A  system  of  contour  lines  extending  over  all  French 
territory. 

The  new  base-lines  will  also  be  made  to  serve  to  con- 
nect the  geodetic  survey  of  France  with  those  of  neigh- 
bormg  countries,  and  to  compare  the  mean  levels  of  the 
Mediterranean,  the  Atlantic  and  the  English  Channel. 

The  cost  is  estimated  at  ^bout  |4,ooo,ooo.  The  work  is 
under  the  direction  of  M.  Lallemand,  who  has  very  fully 
described  its  progress  and  methods  in  a  work-Traite  de 
Nivellement  de  Haute  Precision— recently  published. 

The  base-hnes  consist  of  closed  polygons,  avera^ine 
about  380  miles  in  perimeter.  Fixed  bench-marks  are 
placed  500  to  1.000  yards  apart.  Each  section  between 
two  bench-marks  is  leveled  in  both  directions,  and  one 
day  s  work  is  confined  to  each  section.  All  reductions 
and  calculations  are  made  at  a  central  office.  The 
bench-marks  are  of  oxidised  iron  or  bronze,  and  built  into 
the  walls  of  solid  buildings.  They  enclose  a  tablet  describ- 
ing their  position  in  the  survey  and  the  level. 

n Jmfti'^yK^  Tf^  '^  ''^"'''^  °"  ^  spherical  bearing,  which 
permits  the  telescope  to  be  rapidly  placed  approximately 
nrtl^ll^T  "^"::i"g  the  legs.  By  means  of  reflecting 
prisms  the  two  ends  of  the  bubble-glass  are  visible  to  aS 
S,  'T'  "-ri"^  ^'  '^^  eye-piece  of  the  telescope,  so  that 
^lilZ^tr^i'^^^^^^^  "'^  adjustment  at  any  moment 

li  J^!,K?^?  "^^1  '-^  ^^^  compensating  staff  of  Colonel  Gou- 
hrlU  K  u^l^T^  ^  ^°"^^^  "^^t»"'<=  "»le  of  iron  and 
on  th;  ^  ^}'''^  ^^^  variation  in  length  of  the  graduations 
var  atinr^"^"!;  ''^".^^[?  ^^  ^"^  "^°°»^"t  ^e  observed.  This 
Imnnn?c  t'^  observed  three  times  a  day  by  the  leveler,  and 
amounts  to  some  thousandths  per  cent. ,  having  a  daily  and 


(about  0.57  in.  per  mile),  while  in  the  operations  of  Bour- 
daloue it  amounted  to  from  2  to  3  millimeters  per  kilometer 
(0.13  to  0.19  in.  per  mile).  The  probable  error  from  Mar- 
seilles to  Lille  does  not  exceed  2  in.  The  datum  level  is 
the  mean  sea-level  at  Marseilles,  and  a  new  tidal  gauge 
has  been  established  there,  in  order  to  determine  the  datum 
anew  with  great  accuracy. 


A  JAPANESE  CRUISER. 


The  accompanying  illustrations,  which  are  from  Lon- 
don Engineering,  show  the  new  cruiser  Chiyoda,  built  by 
the  firm  of  J.  &  G.  Thompson,  Glasgow,  Scotland,  for  the 
Japanese  Government.  The  Chiyoda  is  intended  for  a 
fast  cruiser  carrying  a  heavy  battery  of  rapid-fire  guns,  and 
was  designed  in  the  Japanese  Navy  Department,  although 
some  changes  have  been  made  in  accordance  with  the  ad- 
vice of  the  contractors.  It  is  expected  that  her  speed  will 
reach  19  knots  an  hour  under  forced  draft. 

The  principal  dimensions  are  :  Length,  310  ft.;  breadth, 
42  ft.;  depth,  23ft.  8  in.;  mean  draft,  14ft.;  displacement, 
2,450  tons. 

In  the  illustrations,  fig.  i  is  a  profile  view  ;  fig.  2  a  deck 
plan  ;  fig.  3  a  partial  cross  section,  showing  the  means 
adopted  for  protection.  The  large  engravings  give  two 
views  of  the  engines. 

As  shown  in  figs,  i  and  3  the  water-line  for  two-thirds 
of  Its  length  will  be  protected  by  a  belt  of  4-in.  steel  plate 
bolted  on  the  outside  of  the  shell,  and  extending  for  about 
two-thirds  the  length  of  the  ship.  The  machinery  and 
magazines  are  protected  by  a  steel  deck  extending  the 
whole  length  of  the  ship,  and  having  an  average  thickness 
of  I  in.  This  deck  is  made  in  two  layers,  the  lower  of  or- 
dinary steel  and  the  upper  of  chrome  steel.  The  space 
between  the  protective  deck  and  the  ordinary  deck  will  be 
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filled  with  coal,  as  shown  in  fig.  3,  and  the  arrangement  of 
the  coal  bunkers  on  the  sides  of  the  ship  will  also  serve 
for  additional  protection.  A  belt  of  celluloid  is  placed 
back  of  the  armor-belt  and  also  back  of  the  coal  bunkers 
and  over  the  engines,  as  shown  in  fig.  3. 

The  ship  is  lighted  throughout  by  electricity,  and  has 
powerful  search-lights,  one  forward  and  one  aft.  She  car- 
ries three  masts,  each  having  a  military  lop  containing  a 
Gatling  gun.  The  vessel  has  a  double  bottom,  and  is  di- 
vided into  numerous  compartments. 

In  order  to  provide  for  good  manoeuvring  power,  a  pat- 
ent balanced  rudder  has  been  fitted,  on  the  principle  al- 
ready adopted  in  the  Reina  Regente  and  other  war  vessels. 

The  armament  consists  of  ten  4.7-in.  Armstrong  rapid- 
fire  guns  mounted,  as  shown  in  fig.  2,  on  the  main  deck. 
The  secondary  battery  includes  fourteen  47-mm.  Hotchkiss 
guns  and  three  Gatling  guns.  There  are  also  three  tor- 
pedo tubes,  one  at  the  bow  and  one  on  each  broadside. 

The  engines,  which  are  shown  in  the  large  engraving, 
are  vertical,  inverted  triple-expansion  engines,  one  to  each 
screw,  and  are  arranged  so  as  to  give  a  strong  structure  for 
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the  minimum  of  weight,  and  at  the  same  time  to  make  all 
the  working  parts  easily  accessible.  The  cylinders  are 
supported  by  steel  columns  bolted  to  a  cast  steel  bed 
plate.  The  cylinders  are  26^  in.,  39  in,  and  57  in.  in  di- 
ameter, with  27  in.  stroke.  They  are  all  fitted  with  piston- 
valves,  worked  as  shown  in  the  engraving  from  eccentrics 
placed  on  the  main  shaft,  driving  links.  The  air-pumps 
are  worked  from  the  low-pressure  crosshead.  When  run- 
nmg  at  full  speed  these  engines  will  make  230  revolutions 
per  minute. 

Steam  is  supplied  by  six  locomotive  boilers  placed  in  two 
separate  water-tight  compartments  forward  of  the  engines. 
The  boilers  are  of  steel,  and  are  7  ft.  in  diameter  and  18  ft. 
long,  each  having  two  fire-boxes.  Forced  draft  is  applied 
on  the  closed  stokehold  system.  There  are  four  fans  60 
in.  in  diameter  and  intended  to  make  250  revolutions  per 
minute.  Each  fan  is  driven  by  a  direct-acting  single  cyl- 
inder engine. 

The  coal  capacity  is  about  700  tons.  At  a  speed  of  10 
knots  per  hour  the  cruising  range  is  estimated  at  8,500 
knots. 

The  Chiyoda  was  launched  in  June  last,  and  is  now  be- 
ing completed  for  delivery  to  the  Japanese  Government. 


THE  BRAYE  TUNNEL. 


(Pap«rsof  the  Institution  of  Civil  Engineers.) 


The  summit  dividing  the  basins  of  the  Oise  and  Aisne, 
in  France,  on  the  navigable  canal  in  course  of  construction 
between  these  rivers,  is  passed  by  a  tunnel  7,740  ft.  long, 
at  a  depth  of  400  ft.  below  the  crest  of  a  ridge,  which  is 
made  up  of  alternations  of  sands  and  clays  capped  by  the 
Calcaire  Grassier,  the  whole  being  of  eocene  tertiary  age. 
The  stratification,  which  is  regular  in  the  higher  parts,  is 
subjected  to  a  disturbance  at  the  base,  so  that  the  tunnel, 
which  should  be  entirely  in  the  lower  sand,  Sable  de 
Bracheux,  with  about  40  ft.  of  cover,  consisting  of  clays 
and  lignites,  between  it  and  the  overlying  Soissons  sands, 
passes  through  a  short  fold  of  these  clays,  which  at  900  ft. 
from  the  mouth  on  the  side  of  the  Oise  brings  the  crown 
of  the  roof  into  contact  with  the  upper  sands,  causing  a 
great  flow  of  sand  and  liquid  clay  into  the  heading,  so  that 
it  became  necessary  to  carry  out  this  part  of  the  work  by 
compressed  air. 

The  plant  required  was  erected  in  1883  ;  it  comprised 
seven  portable  steam-engines,  altogether  of  220  H.P.,  driv- 
ing eight  compressors,  capable  of  supplying  180,000  cubic 
feet  of  air,  at  double  the  atmospheric  pressure,  to  the  work- 
ing chamber  in  24  hours.  A  series  of  reservoirs,  of  about 
3,000  cu.  ft.  capacity,  were  also  provided  for  air  at  4  to 
6  atmospheres  absolute  pressure,  which  was  used  for  the 
removal  of  the  excavated  material. 

The  working  chamber  at  the  face  of  the  tunnel  was 
formed  by  a  wall  of  masonry,  perforated  by  air-locks,  giv- 
ing admission  and  exit  to  and  from  the  chamber.  At  first 
this  wall,  II  ft.  thick,  was  placed  about  400  ft.  from  the 
mouth  of  the  tunnel,  but  subsequently  a  second  one,  im- 
proved in  many  particulars,  was  placed  at  614  ft.,  and  the 
first  was  removed.  This  dam,  built  of  concrete  between 
retaining  walls  of  dressed  stone,  was  22  ft.  thick  in  the  cen- 
ter, and  26J  ft.  at  the  bottom,  where  the  two  air-locks  were 
placed  ;  a  passage  for  a  third  lock  was  also  provided,  but 
was  walled  up.  In  the  upper  part  of  the  dam  two  other 
passages  were  left  for  the  tubes  serving  for  the  removal  of 
the  debris,  and  these  were  similarly  walled  up  when  the 
tubes  were  erected. 

The  air-locks  were  of  the  section  of  ordinary  mining-gal- 
leries. 26J  ft.  long,  5  ft.  5  in.  broad,  and  7  ft.  3  in.  high, 
or  sufficiently  large  to  allow  the  passage  of  mine-wagons. 
They  were  provided-  with  a  sheet-iron  lining,  built  up  in 
rings,  bolted  together  with  india-rubber  washers,  and  air- 
tight doors  closing  against  seats  faced  with  india-rubber, 
opening  inward — that  is,  from  the  outer  air  to  the  lock,  and 
from  the  latter  into  the  working  chamber.  At  first  the 
doors  were  closed  by  screws,  but  these  were  inconvenient 
on  account  of  the  slowness  in  manipulation,  and  rack  and 
pinion  movements,  governed  by  levers,  were  substituted. 
The  pressure  of  the  air  released  the  lever,  which  was  then 
lowered  shortly  after  use,  so  that  the  door  was  only  kept 
closed  by  the  difference  of  pressure  on  the  two  sides  and  in 
the  levels.  They  opened  of  themselves  as  soon  as  the  two 
sides  were  in  equilibrium.  The  outer  door  had  only  a 
single  lever  worked  from  within  the  lock,  while  the  inner 
one  had  one  on  each  side,  so  that  it  could  be  worked  either 
from  within  or  without  the  chamber.  The  low-pressure 
air  was  introduced  by  four  pipes  placed  close  to  one  of  the 
walls,  and  that  at  high-pressure,  for  the  removal  of  spoil 
and  water,  by  a  fifth  near  the  bottom.  Two  i6j-in.  pipes 
were  passed  through  the  upper  arches,  and  two  of  13I  in. 
through  the  bottom  of  the  wall,  both  series  being  provided 
with  stop-valves  at  the  ends.  The  larger  pipes  inclined 
outward,  and  were  turned  up  to  a  vertical  position  within 
the  chamber.  When  required  for  use  the  inside  valve  was 
opened,  the  tube  filled  with  spoil  and  closed  again.  At  a 
given  signal  the  outer  valve  was  opened,  at  the  same  time 
as  that  connecting  the  tube  with  the  high-pressure  main 
containing  air  of  at  least  four  atmospheres  pressure,  which 
cleared  out  the  contents  in  a  few  seconds.  The  outer 
valve  was  then  closed  and  the  filling  repeated  as  before. 
In  the  same  way  the  water  accumulating  in  the  bottom  of 
the  chamber  was  driven  out  by  connecting  the  lower  tubes 
with  the  high-pressure  air  service.  The  working  chamber 
was  lighted  by  Edison  glow  lamps  and  a  Gramme  dynamo 
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worked  by  a  15  H.P,  engine,  and  telephonic  communica- 
tion was  established  between  the  face  and  the  office.  The 
preparations  having  been  completed,  work  was  begun  early 
in  1884,  and  from  the  first  great  difficulty  was  experienced 
in  keeping  the  chamber  air-tight,  the  compressed  air  finding 
its  way  out  not  only  through  the  penetrable  strata  above, 
but  also  along  the  extrados  of  the  roof  and  the  timber 
struts  required  for  the  support  of  the  ground.  It  was 
only  after  building  20-in.  buttress-rings  on  either  side  of 
the  dam  that  the  pressure  on  the  chamber  could  be  brought 
up  to  1.8  and  2  atmospheres  (absolute),  under  which  con- 
dition the  roof  was  completed  to  about  660  ft.  from  the 
mouth,  at  the  rate  of  39  to  48  ft.  per  month,  when  the 
work  was  stopped  by  an  accident  in  August,  1884.  This 
was  caused  by  the  compressed  air  getting  into  the  overly- 
ing pyritic  lignite-bearing  strata,  and  after  driving  out  the 
water  oxidizing  the  pyrites,  whereby  sufficient  heat  was 
developed  to  fire  the  lignite,  and  the  products  of  combus- 
tion penetrating  to  the  chamber  caused  the  death  of  17 
men  by  suffocation.  In  order  to  render  the  worJcing  ac- 
cessible after  this  accident  six  bore  holes  were  put  down 
from  the  surface  to  the  seat  of  most  active  combustion  to 
give  free  issue  for  the  gases,  which  were  driven  out  of  the 
chamber  by  projecting  highly  compressed  air  into  it,  the 
mean  pressure  being  kept  at  1.6  atmospheres.  On  October 
4  the  chamber  was  accessible,  and  after  the  ground  had 
been  properly  shored  up,  the  pressure  was  removed,  and 
the  surface  water  being  no  longer  kept  back,  penetrated 
to  the  seat  of  the  fire  and  extinguished  it ;  but  the  heat  de- 
veloped was  sufficient  to  keep  the  temperature  of  the  water 
trickling  through  the  roof  at  90°  for  six  months.  A'fterthe 
accident  the  first  dam  was  removed,  and  the  second  at  614 
ft.  was  erected,  as  previously  described.  Provision  was 
also  made  for  the  active  ventilation  of  the  part  of  the  tun- 
nel open  to  the  air,  by  sinking  a  shaft  a  little  on  one  side, 
and  connecting  it  with  the  crown  of  the  arch  by  a  short  in- 
clined drift  at  358  ft.  from  the  mouth.  This  shaft  was 
closed  at  the  top  and  provided  with  a  Pelzer  fan,  6  ft.  in 
diameter,  with  a  minimum  exhausting  capacity  of  500  cu.  ft. 
per  second,  a  return  air-way  6  ft.  wide,  being  formed  on  tiie 
left  side  of  the  tunnel,  by  a  brattice  wall  of  masonry  carried 
from  the  bottom  of  the  pit  to  a  point  13  ft.  behind  the  new 
dam.  Working  with  compressed  air  was  renewed  in 
March,  1885,  but  the  difficulty  of  keeping  the  chamber  tight 
was  found  to  be  as  great  as  before.  It  was  therefore  re- 
solved to  wall  up  the  face  at  820  ft.,  and  increase  the  dam 
by  leaving  a  breadth  of  60  or  70  ft.  of  ground  unbroken, 
with  the  exception  of  three  small  galleries,  two  at  the  bot- 
tom and  one  at  the  crown  of  the  arch,  which  were  carefully 
lined  with  masonry.  The  upper  one  proved  a  failure  on 
account  of  the  large  leakage  at  its  mouth,  and  was  blocked 
up  by  a  39-in.  wall,  after  a  length  of  85  ft.  had  been  driven  ; 
but  the  lower  ones  being  driven  in  compact  clay,  succeeded 
better,  and  remamed  perfectly  tight  when  23  ft.  had  been 
lined  on  the  left  side  and  79  ft.  on  the  right.  A  pressure 
of  2.3  to  2.4  atmospheres  was  then  kept  up  in  the  workings 
by  the  use  of  two-thirds  of  the  motive  power  during  the  re- 
mainder of  the  time  that  it  was  required.  The  lower  gal- 
leries were  carried  forward  to  some  distance  beyond  the 
dangerous  ground  at  983  ft.  from  the  mouth,  their  outer 
walls  being  constructed  of  the  full  thickness  of  the  lower 
part  of  the  finished  side  walls  of  which  they  formed  part  up 
to  a  height  of  8  ft.  8  in.,  a  further  height  of  8  ft.  4  iH.  to 
the  opening  of  the  arch  being  put  in  by  galleries  driven 
above  the  lower  ones  in  lengths  of  about  70  ft.  at  a  time. 
This  work  proceeded  at  the  rate  of  5  ft.  per  day  during  the 
working  period,  which  was,  however,  interrupted  on  four 
different  occasions,  owing  to  fresh  fires  in  the  lignite,  caus- 
ing the  abandonment  of  the  work  for  a  time. 

When  the  walls  were  finished  to  1,302  ft.,  a  rise  was  put 
at  1,286  ft.,  and  a  length  of  13  ft.  of  the  arch  was  com- 
pleted. From  this  point  the  work  was  carried  on  in  both 
directions,  but  principally  backward,  at  the  rate  of  about 
40  ft.  per  month  of  actual  work.  The  crown  of  the  arch, 
although  partly  in  running  sand,  was  kept  sufficiently  tight 
by  timbering  and  closely  driven  packing  laths,  when  care 
was  taken  to  insert  the  latter  singly,  and  to  drive  each  one 
perfectly  tight  before  placing  the  next.  The  sand  was  ren- 
dered sufficiently  coherent  by  the  compressed  air  not  to 
run  as  long  as  only  a  small  surface  was  exposed  at  a  time. 


The  arch  was  joined  up  to  the  point  where  it  was  first 
stopped,  in  September,  1887,  and  the  excavation  of  the  full 
y  section  and  construction  of  the  invert,  which  was  done  in 
face,  was  resumed  after  the  *'  decompression"  of  tiie 
chamber,  on  September  25,  and  completed  to  1,476  ft.  at 
the  end  of  October,  1888.  The  cost  of  this  part  of  the  work 
was  about  $400  per  foot. 

The  full  section  of  the  finished  tunnel  inside  is  as  fol- 
lows :  Height,  28  ft.;  width  at  bottom,  24  ft.  7  in.;  width 
at  spring  of  arch,  26  ft.  3  in.  The  extension  toward  the 
Aisne  Valley  was  carried  on  from  shafts  sunk  in  the  man- 
ner described  below. 

The  middle  section  of  the  Braye  Tunnel  is  reached  by 
two  shafts  known  as  Nos.  2  and  3,  respectively  301  ft.  an'd 
378  ft.  deep,  and  distant  3,543  ft.  and  5, 166  ft.  respectively 
from  the  mouth  on  the  Aisne  side,  which  necessitated  pass- 
ing through  from  40  to  70  ft.  of  the  Soissons  sands  below 
the  water-level.  The  method  adopted  for  sinking  was 
similar  to  that  formerly  applied  in  making  the  Rilly  la 
Montagne  tunnel  on  the  Reims  &  Epernay  Railroad- 
namely,  the  use  of  cast-iron  tubbing  through  the  water- 
bearing bed,  which  was  afterward  secured  by  underpin- 
ning with  oak  cribs,  the  ground  being  kept  dry  during  the 
erection  of  the  latter  by  the  use  of  compressed  air. 

The  shafts,  rectangular  in  section,  5  ft.  3  in.  wide,  and 
divided  into  three  compartments,  of  the  respective  lengths 
of  5  ft.  7  in.,  5  ft.  and  3  ft.  6  in.,  were  put  down  to  about 
30  ft.  below  the  water-level  by  tfie  ordinary  method  of  tim- 
ber frames,  40  in.  apart,*  and  close  boarded  sides,  when 
further  progress  by  this  means  became  impossible,  and 
cast-iron  tubbing  was  substituted.  A  separate  tubbing 
was  used  for  each  compartment.  The  rings,  1.2  in.  thick 
and  39.4  in.  high,  ribbed  and  flanged  inside,  are  united  by 
bolts  through  the  flanges,  the  joint  being  kept  tight  by  an 
india-rubber  ring  filling  seats  turned  into  the  adjacent 
flanges.  The  bottom  ring  was  provided  with  a  cutting 
edge.  The  erection  of  the  tubbing-column  was  effected 
at  the  bottom  of  the  shaft  in  a  depth  of  25  to  30  ft.  of 
water,  and  when  completed  pumping  was  stopped,  and  the 
water  allowed  to  rise  to  the  natural  level,  in  order  to  pre 
vent  irregular  movement  of  the  ground  during  the  work- 
ing, which,  by  causing  dangerous  hollows,  was  likely  to 
endanger  the  timbering  of  the  upper  part  of  the  shaft. 
The  sand  was  at  first  excavated  by  a  bucket-dredger,  then 
shell  augers  were  used,  but  finally  divers  filling  the  sand 
directly  into  tubs  were  found  to  be  most  expeditious.  The 
diver  removed  the  sand  at  the  bottom  of  the  compartment, 
but  without  uncovering  the  cutting  edge  of  the  tubbing  ; 
the  column  was  then  forced  down  by  hydraulic  jacks  of  20 
tons  power,  until  a  depth  of  20  to  40  in.  was  attained,  when 
the  sand  was  again  cleared  out,  and  so  on,  the  work  being 
done  alternately  in  the  different  compartments.  It  was 
hoped  that  a  tight  joint  would  have  been  obtained  when  the 
cutting-ring  had  penetrated  the  clay  below,  but,  owing  to 
the  small  breadth  of  the  ribs  dividing  the  different  com- 
partments, they  gave  way,  and  allowed  the  sand  to  pene- 
trate from  above.  It  therefore  became  necessary  to  have 
recourse  to  compressed  air  in  order  to  render  the  junction 
of  the  tubbing  with  the  ordinary  timbering  impermeable. 
For  this  purpose  airlocks  were  established  at  the  mouth  of 
each  compartment ;  one  of  these,  allowing  the  passage  of 
timber,  was  i6i  ft.  high,  and  the  others  7^  ft.  each.  The 
air-compressor  was  driven  by  a  15-H.P.  portable  engine, 
and  maintained  a  pressure  in  the  bottom  varying  from  2.35 
to  2.8  atmospheres. 

The  joint  was  formed  of  six  oak  rings,  from  9^  to  10^  in. 
square,  and  from  4  ft.  4  in.  to  6  ft.  in  inside  diameter,  built 
into  a  pile  5  ft.  high.  The  broadest  rings  at  the  bottom 
resting  on  a  ledge  cut  in  the  impermeable  strata,  and  the 
narrowest  one  bears  against  the  bottom  of  the  tubbing,  the 
cutting  edge  of  the  shoe  resting  in  a  groove  in  the  upper 
surface  containing  an  india-rubber  washer.  The  seat  for 
these  rings  was  made  by  excavating  a  bell-mouthed  cham- 
ber, which  was  filled  up  with  concrete  carefully  rammed 
after  the  rings  had  been  placed  in  position,  and  packed 
with  moss  and  wedged  in  a  similar  manner  to  that  em- 
ployed in  coal-pit  sinking.  The  order  of  placing  the  rings 
was  somewhat  peculiar.  The  top  ring.  No.  i,  under  the 
tubbing,  was  first  placed  provisionally  ;  then  the  broader 
ones,  Nos.  6  to  3,  were  built  up,  and  the  hollow  behind  con- 
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creted  and  finally  No.  2  was  driven  in  between  No.  3  and 
No  I  '  The  joint  between  the  tubbing  and  No.  i  ring  was 
further  secured  by  a  sheet-iron  ring  backed  by  cement. 
Afterward  the  sinking  was  resumed  at  the  ordinary  pres- 
sure, and  secured  by  close  cribs  of  oak  for  a  depth  of  6  ft., 
below  which  ordinary  frames  40  in.  apart  are  used  as  in  ihe 

upper  part.  ,  ,    , 

The  cost  of  these  appliances  to  the  two  shafts  was  f  55,080 
for  a  depth  of  161  ft.  9  in.,  or  about  I340  per  foot. 


TESTS   OF  SOME   ARKANSAS   SYENITES. 


By  J.  Francis  Williams,  C.E.,  Ph.D. 

(Published  by  permission   of  the   director  of  the   Geological  Survey  of  Ar- 
kansas.)   

The  following  tests  were  made  for  the  Geological  Sur- 
vey of  Arkansas,  with  a  view  of  determining  the  fitness 
for  building  stone,  as  far  as  strength  and  absorptiveness  is 
concerned,  of  the  syenites  found  in  the  State. 

The  syenites  of  Arkansas  are  grouped  into  three  re- 
gions, and  are  known  as  the  Fourche  Mountain  or  Little 


area  over  which  the  pressure  was  distributed  was  calcu- 
lated, and  the  weight  found  necessary  to  crush  each  block 
was  reduced  to  pounds  per  square  inch.  In  the  fifth  col- 
umn of  the  table  given  herewith  are  placed  the  pressures 
per  square  inch,  which  were  found  by  the  experiments  re- 
calculated by  means  of  Gillmore's*  cubic  parabola  formula 
to  corresponding  pressures  per  square  inch  in  2-in. 
cubes.  The  rock  showed  no  bedding  nor  false  stratifica- 
tion in  any  direction,  so  that  those  faces  which  were  most 
perfect  and  most  nearly  parallel  were  chosen  as  those  to 
which  to  apply  the  pressure.  The  specimens  broke  sud- 
denly with  an  explosive  force,  and  in  some  cases  the  small 
pieces  tore  the  heavy  binders'  board  completely  to  pieces. 
The  specific  gravity  and  ratio  of  absorption  were  deter- 
mined by  following  the  methods  suggested  by  Gillmoret 
and  Merrillf  respectively,  as  follows  :  Small,  irregular 
pieces  of  stone  weighing  from  one  to  three  ounces  were 
smoothed  until  they  presented  no  sharp  corners  nor  rough 
edges  ;  these  were  next  accurately  weighed  (A)  and  then 
immersed  in  water  and  allowed  to  soak  for  24  hours. 
After  the  expiration  of  that  length  of  time  they  were 
weighed  suspended  §  in  water  at  60'  Fahrenheit  (B),  and 
then  weighed  again  after  having  been  quickly  dried  ex- 
ternally (C).     When  the  various  weighings  are  represented 


N< 


V. 


I 

3 

3 
4 
5 
6 

7 
8 


Description  of  Specimen. 


Light  colored  elaolite  syenite,  slightly  decomposed 

"Gray  Granite,"  a  very  ligkt-colored  elacolite   syenite.  .. 

Brownish  elaeolite  porphyry,  occurs  in  narrow  dike 

''Light-blue  Granite  "  (syenite) ...V... 

"  "  "      (somewhat  darker)....  ... 

"  "      (still  darker) .,. 

"Medium  Blue  Granite"  (syenite) 

;"  Dark  Blue  Granite"  (syenite  porphyry) 

jMean  of  last  five  specimens.  Average  for  "  BlueGranite." 


County 
where 
Found. 


Saline. 
Pulaski. 


Area  of 

Surface  in 
square  ins. 


a-34 

2.25 
1.42 
1.64 
1.07 

»-57 
1.50 

1-57 


Actual      I     Pressure 
Crushing  per 

Load.        square  inch. 


48,000 
33.750 
30,000 
47,000 
22.800 
35i950 
43.500 
43,800 


20,500 
14,000 
31,000 

28,700 
ax.soo 
32,900 
29,000 
27,900 
26,000 


Reduced    to 
correspond 
to  pressure 
per  square 

inch  in  2-in. 
cubes. 


22.350 
16,000 
34,980 
33,280 
26,820 
2*. 745 
34ii5o 
32,630 
30.740 


Ratio  of 

Specific 

AbsorptioB- 

Gravity  at 

I  to  :— 

eo"  F. 

76X 

2.6a 

83 

•  45 

161 

3.52 

».673 

•.64 

•  •  •  • 

4.530 

•  •  ■  • 

2.69 

Rock,  the  Saline  County  and  the  Magnet  Cove  syenites. 
The  first  of  these  groups  forms  the  Fourche  Mountain,  a 
few  miles  south  of  Little  Rock,  and  contains  the  so-called 
"  Blue  Granite,"  which  is  an  elaeolitic  augite  hornblend 
syenite,  and  some  "  Gray  Granite,"  which  is  a  light  gray, 
coarse-grained,  elceolite  syenite.  The  "  Blue  Granite" 
has  already  become  a  very  important  building  stone,  and 
many  edifices,  both  in  Little  Rock  and  elsewhere,  have 
been  constructed  of  it.  It  is  also  much  used  in  making  the 
Belgian  blocks  so  extensively  employed  in  paving.  The 
"  Gray  Granite"  has  been  worked  to  some  extent  for  trim- 
mings and  ornamental  stone. 

1  he  Saline  County  region  contains  almost  exclusively 
elaeolite  svenite  of  a  reddish  or  grayish  color,  but  it  has  as 
yet  found  only  a  very  limited  market,  on  account  of  its 
distance  from  the  railroad,  which  is,  however,  only  about 
four  miles. 

The  rock  of  the  third  region  is  for  the  most  part  an 
elaeolite  augite  syenite,  and  has  been  quarried  at  two 
points.  It  was  formerly  used  in  making  millstones,  and 
has  lately  found  some  application  in  building  railroad  cul- 
verts and  in  the  foundations  of  houses. 

The  tests,  of  which  the  results  are  given  below,  were 
made  in  the  mechanical  laboratory  of  the  Rensselaer  Poly- 
technic Institute,  at  Troy,  N.  Y.,  on  a  50.000-llb.  Tinius 
uisen  testing  machine.  The  s  pecimens  were  cubical  in 
orm  and  were  cushioned  with  pieces  of  book-binders' 
board*  about  ^^  in.  in  thickness.  The  cubes  were  cut  by 
Hirl^'ti  f"^'  <»f  Troy,  N.  Y.,  from  larger  blocks  taken 
c    !f  ^uu    ."^    *"^  quarries,   and  were  finished  down   to 

me;?;.';"  .?  •I"''^^"^'  '^^^^^  specimens  were  carefully 
measured  with  a  micrometer  measuring  apparatus.     The 

in^orCoumf  &s°'  l.v'iT  "^  • '^t^^,'"  "  "r,"'^  °f  ^""•^"'1  ^"d  Wash- 


by  letters,  as  indicated  above,  the  formulas  for  the  ratio  of 
absorption  and  specific  gravity  become  as  follows  : 


Ratio  of   absorption  =  i  to  (  — )  . 


Specific  gravity  =? 


A  -  {B-[C  -  A])~  C  -  B' 


The  last  five  specimens  represent  those  rocks  which  are 
usually  employed  in  construction,  and  were  taken  from 
the  more  important  quarries  on  Fourche  Mountain  ;  but  as 
there  is  very  little  to  choose  between  them,  and  as  it  is 
not  at  all  certain  that  the  specimens  were  all  from  equally 
fresh  material,  and  were  subjected  to  the  same  amount  of 
jar  and  strain  in  dressing,  it  would  be  of  no  real  value  to 
give  the  names  of  the  quarries  from  which  the  individual 
specimens  came,  and  it  might  lead  to  discriminations 
where  such  are  not  warranted. 

The  average  pressure  per  square  inch  which  the  blue 
granite  (syenite)  stood  is  remarkably  high,  and  shows  that 
the  stone  is  well  fitted  for  building  purposes,  and  especially 
for  paving  blocks.  As  there  is  little  or  no  pyrite  and  mag- 
netite present,  it  is  probable  that  the  rock  will  long  retain 
Its  pleasing  color,  and  will  form  a  durable  and  desirable 
building  stone. 

,  *Q.  A.  Gillmore:  Report  on  the  Compressive  Strength^  etc.,  of  the  build- 
ing stones  of  the  United  States  in  most  general  use.  Appendix  II  of  the  An- 
nual Report  of  the  Chief  of  Engineers  for  1875.     Washington,  1875,  pp  19.  and 

t  Q.  A.  Gillmore,  I.e.,  p.  7. 

%  Annual  Report  of  the  Board  of  Regents  of  the  SmithsoiriaB  Institution 
etc  for  the  year  ending  June  30,  1886.  Washington,  18S9.  The  Collection  of 
Building  and  Ornamental  Stones  in  the  U.  S.  National  Museum:  A  Hand- 
cat"  C^*?l°8"«.  by  George  P.  Merrill.  Part  IV,  p.  490,  foot-note, 
fe  1  he  specimens  were  suspended  by  a  fine  platinum  wire,  whose  weight 
when  immersed  m  water  to  the  same  extent  as  when  susperding  the  »tcne  was 
accurately  determined  and  subtracted  from  the  total  weight  of  the  submerged 
mass. ;  -  '  * 
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THE  USE  OF  WOOD  IN  RAILROAD  STRUC- 

TURES. 


By  Charles  Davis  Jameson,  C.E. 


(Copyright,  1889,  by  M.  N.   Forney.) 


{Continued  /rom  pag^e  SSA^  Volume  LXIV.) 


CHAPTER    XXX. 

HOWE  TRUSS    BRIDGES. 

The  designs  for  Howe  Truss  bridges  of  loo  ft.  and  120 
ft.  span  are  given  in  the  accompanying  illustrations  ;  both 
are  through  spans.  Plate  125  shows  the  loo-ft.  span  and 
Plate  127  the  120-ft.  span,  the  details  being  given  in  Plates 

No.  SI-     Bill  of  Material  for  Howb  Truss  Bridge.     Through  Span 

100  Ft.    Plate  125. 

Timber. 


No.  or 
Pieces. 


Description. 


Size. 


30 

4 
4 
8 

4 
■4 
4 
8 

4 
4 
8 
8 
8 
8 
8 
16 

4 
8 
• 
8 

6 

3 
a 

3« 
6 

9( 

3 
16 
16 

4 
4 
8 


Length. 


Top  Chord. 


Bottom  Chord. 


Braces 


Counters. 
Laterals.. 


Floor-beams 

Stringers , 

Ties. , 

Guard  rails 

Bolsters 

I  Bridge-seats.. .. 

|SiIls 

iFlanlcs 

I  Blocks 


7  in 
7  in 
7  in 
7  in. 
7  in, 
7  in, 
7  in 
7  in. 
7  in. 

7  in, 
13  in, 
13  in. 
II  in. 

9  in. 

8  in. 
8  in. 
8  in. 
6  in. 
6  in 
8  in. 
8  in. 
6  in. 

8  in. 

9  in. 
6  in, 
8  in 

6  in. 
/in, 

7  in. 
(3  in. 

3  in. 
3  in. 


X  13  in. 

X  13  in. 

X  12  in. 

X  12  in. 

X  14  in- 

X  14  in. 

X  14  in 

X  14  in. 

X  14  in. 

X  14  in. 

X  14  in. 

X  i3.in. 

X  13  in. 

X  12  in. 

X  13  in. 

X  10  in. 

X  10  in. 

X  8  in. 
8  in. 
8  in 
8  in 
8  in. 
8  in. 

X  16  in. 

X  13  in. 

X    Sin. 

X    6  in. 

X  13  in. 

X  12  in. 

X  12  in. 

X    8  in. 

X    8  in 


X 
X 
X 
X 


20  ft.oj^j  in 

37  ft.oJi  in 

17  ft.oj^  in 

7  ft.oj/^  in 

39  fi.o     in 

29  ft.o 

38  ft.o 

40  ft.o 

18  ft.o 

8  ft.o 
26  ft. 4^  in. 
36  ft.4?8  in. 
36  ft.4H>D- 

:36  ft.4?8  in. 
36  ft.4?^  in. 
36  ft. 4^  in. 
14  ft.o      in. 

30  ft.8      in 
23  ft.3>iin. 

I  19  ft.3>^  in. 
20  ft.8  in. 
i3ft.,iij;im. 
nft.iiJiin. 

19  ft. 4     in. 

106  ft.o  in. 
13  ft.o     in. 

106  ft.o 

9  ft.o 
6  ft.o 

19  ft. 4 

[06  ft.o 

3  ft.8 


Feet 
B.  M. 


a,83o 

1,040 

480 

400 

'.274 

948 

1,343 

3,613 

588 

364 

a.742 

2,.135 
1,890 
1,688 
3,810 

374 
663 
180 
834 
660 

113 
150 

7.4»4 
3,816 

636 
876 
673 
928 
566 
38 


Kind  of 
Wood. 


Yellow  Pine. 


Spruce  or  Pine. 

I  ii  i»  4i 

Oak. 
I  Spruce  or  Pine. 


iOak. 


iVroMght-Iron—Rods  and  Bolts. 


Descrip- 

1 Diame- 

Descrip- 

Diame- 

No. 

tion. 

ter. 

Length. 

No. 

tion. 

ter. 

Length. 

r3 

Rods 

3     in. 

37  ft.  10  in. 

16 

Bolster  b'lts 

iKin. 

a  ft.  4  in. 

13 

it 

aJiin. 

27  ft.  10  in. 

16 

hi        ti 

i^in. 

3  ft.  4  in. 

12 

«i 

3Jiin. 

37  ft.  10  in. 

320 

Chord  bolts. 

Kin. 

3ft  9^in. 

12 

tt 

3     in. 

37  ft.  10  in. 

i  ^® 

String'rb'lts 

Jiin. 

2  ft.  6  in. 

6 

ki 

iJiin. 

27  ft.  10  in. 

1  *•♦ 

T'kstrg'b'is 

5iin. 

3  ft. 10  in. 

8 

Counters.... 

1      in. 

15  ft.    0  in. 

61 

Tie-bolts... 

Xin. 

a  ft.  6  in. 

6 

Laterals 

iJiin. 

3oft.    oin. 

1  "^ 

Rrace-bolts. 

9iin. 

3ft.9^in. 

8  1       " 

i^in. 

30  ft.    0  in. 

64 

Spikes. . 

Jiin. 

9  in. 

48    Fl.beam  b'ts 

i^in. 

3  ft.      0  in. 

Other  Iron   Work. 

Washen  (see  Plate  lao) :  850  of  pattern  F\  176  of  C ;  40  of  H. 

Castings  (see  Plate  136):  36  of  pattern  .1  ;  4  of  ,5 ;  36  of  C;  20  of  Z?;  8 
of  .£■. 

Castings  (see  Plate  131) :  156  of  pattern  L  ;  156  of  M \  64  of  0\  32  of  /*; 
«4  of  Q. 

Castings  (see  Plate  117):  4  of  pattern  F;  96  of  /. 


No.  52.     Bill  of   Material  for  Howe   Truss  Bridge.    Through  Sfan, 

ISO  Ft.    Plate  127. 

Timber. 


No.  OF 
Pieces 


»4 
8 

8 

13 

4 
4 

4 
4 
8 
8 
8 
8 
8 
16 
4 
4 
2 
8 

4 
10 

3 
a 

33 

6 
108 

2 

16 
16 

4 
4 
8 


1 

Dksckiption.  ' 

1 

Size. 

lop  Chord 

7  in. 

X  13  in. 

•  4          kfc 

7  in. 

X  12  in. 

i(                    «« 

7tu. 

X  12  in. 

Bottom  Chord.. 

7  in. 

X  14  in. 

..          .i 

7  in. 

X  14  in. 

it          ii 

7  in. 

K  14  in 

it          <i 

7  in. 

X  14  in- 

ti          it 

7  in. 

X  14  in. 

Braces 

12  in. 

X  16  in. 

it 

12  in. 

X  15  in. 

It 

13  in. 
10  in. 
'8  in. 

X  12  in. 

it 

X  13  in. 

it 

X  13  in. 

Counters 

8  in. 

X  10  in. 

it 

8  in. 

X  10  in. 

Laterals 

6  in. 

X    Sin 

it 

6  in. 

X    8in. 

ti 

. .    ..... 

6  in. 

X    Sin. 

ti 

10  m. 

X  10  in. 

it 

8  in. 

X    Sin. 

i* 

6  in. 

X    Sin. 

ti 

8  in. 

X    8  in. 

Floor-beams 

9  in. 

X  16  in. 

Stringers...    ... 

6  in. 

X  12  in. 

Ties 

Sin. 
6  in. 

X    Sin. 

Guard-rails 

X    6  in. 

Bolsters 

7  in. 

X  12  in. 

Bridge-seats 

7  in. 

X  12  in. 

Sills 

13  in. 

X  13  in. 

Planks 

3  in. 
a  in. 

X    8  in. 

Blocks 

X    8  in. 

Length. 

34ft. 

I 

in. 

20ft. 

oKin.l 

8ft. 

oJiin. 

48ft. 

0 

in. 

45ft. 

0 

in. 

33ft. 

0 

in. 

2lft. 

0 

in. 

9ft. 

0 

in.| 

26ft. 

M^^in. 

26ft. 

iiJiin. 

26ft. 

iijgin. 

26ft. 

ii^in. 

26ft. 

iiy»\n. 

26ft. 

1X%\V>. 

14ft. 

6 

in. 

20ft. 

9 

in. 

22ft. 

4 

in. 

17ft 

iij^in. 

2lft. 

7 

in. 

a2ft. 

4 

in. 

13ft. 

iiJ< 

in. 

13ft. 

iiJi 

rin. 

19ft. 

4 

in. 

126ft. 

0 

in. 

12ft. 

0 

in. 

136ft. 

0 

in. 

9ft. 

0 

in. 

,  6(t. 

0 

in. 

19ft. 

4 

in. 

126ft. 

0 

in. 

2ft. 

8 

in 

Kind  of 
Wood. 


4,044      Yellow  Pine, 
i.ias 

449 
4.704 
1,470 
1,078 

686 

394 
3.456 
3.240 
2,592 
2,160 
1,728 
3,88o 

386 

332 
180 

576 
720 

l,200 
112 

150 

7,424   Spruce  orPine. 

£  \  it  <k  if 

....       Oak. 
756      Spruce  orPine. 

1,008     I 
.  ,       ti       it       ti 

672 

o  ii  ii  ii 

,  ;         «i        ti        ii 

672 
29      Oak. 


Wrought- Iron— Rods  and  Bolts. 


No. 

12 
3» 

18 

8 
8 
8 

16 
16 


Debcrip-      Diame-      length. 

TION.  TKR. 


Rods... 


Counters. . . 

Laterals. . .. 

it 

Bolster  b'lts 


2%  in.  J  27  ft.  10  in. 

2>^  in.  27  ft.  10  in, 

3      in.  37  ft.  10  in, 

I      in.  15  ft.    o  in. 

1%  in.  20  ft.    o  in. 

iV,  in.  20  ft.    oin, 

i)^  in.  3  ft.    4    >n, 

1^  in.  3  ft.    4    in. 


No. 

64 

333 

48 
44 

36 
20 

80 


Descrip- 

Diame- 

tion. 

ter. 

Fl.beam  b'ts 

iKin. 

Chord-bolts. 

?iin. 

String'rb'lts 

K.in. 

T'kbtr'g'b'ts 

Kin. 

Tie-bolts. 

%  in. 

G'rd-r'l-b'lts 

5iin. 

Brace-bolts. 

Jiin. 

Spikes 

^in. 

Length. 


Other  Iron  Work. 
Washers  (see  Plate  120):  950  of  pattern  F\  208  of  G ;  32  of  H. 
Castings  (see  Plate  128) :  28  of  pattern  .4  ;  8  of  .5;  24  of  C  ;  8  of  Z>. 
Castings  (see  Plate  126) :  4  of  pattern  B  \  aSof  C;  S  of  F. 
Castings  (see  Plate  121)  :  156  of  pattern  L  ;  152  of  M  ;  64  of  t> ;  32  of  /'; 
64  of  Q. 

Castings  (see  Plate  117):  8  of  pattern  /" ;  96  of  /. 


126  and  128.  Reference  is  also  made  to  plates  recently 
published  for  some  of  the  castings  required. 

The  bills  of  materials  for  both  spans  are  also  given  here- 
with, and  with  the  plates  present  all  that  is  needed  to  give 
information  concerning  the  designs. 

These  two  close  the  series  of  designs  for  Howe  truss 
bridges,  which  have  necessarily  been  extended  over  some 
time,  owing  to  the  space  required  for  the  plates. 

(Tt)    BE   CON'CLUDED.) 


THE   MANNESMANN   TUBES. 


At  the  recent  meeting  of  the  Iron  &  Steel  Institute  in 
Pittsburgh,  much  attention  was  excited  by  the  display  of 
lubes  made  by  the  Mannesmann  process,  which  accom- 
panied the  paper  read  by  Dr.  Hermann  Wedding  on  the 
process,  which  was  invented  by  the  brotljers  Reinhard  and 
Max  Mannesmann,  of  Rc^scheid,  Germany. 
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This  method  is  of  special  use  in  the  making  of  pipes  de- 
signed to  withstand  heavy  pressures,  and  must  be  re- 
•  garded  as  an  important  improvement.  It  is  a  departure 
from  previous  practice  in  such  manufacture  well  calculated 
to  woric  a  revolution  in  the  methods  of  manufacturing,  as 
well  as  the  results  obtained,  which  are  most  remarkable. 
The  process  consists  in  feeding  a  solid,  heated  bar  of  in- 
got metal  between  rolls,  which,  while  their  axes  are 
oblique  to  the  axis  of  revolution,  revolve  both  in  the  same 
direction.  The  metal  of  the  surface  of  the  bar  thus  ac- 
quires an  increased  motion  in  a  spiral  direction,  and  is 
drawn  over  its  core,  receiving  consequently  the  form  of  a 
pipe.  Since,  in  this  operation,  the  pipe  moves  spirally  for- 
ward, and  all  its  parts  are  spirally  pushed  and  pressed  the 
metal  becomes  still  denser.  It  is  this  spiral  arrangement 
ot  the  metal  which  makes  the  Mannesmann  pipes  so  re- 
markable, quite  apart  from  the  advantage  they  possess  in 
presenting  no  lines  of  welding  whatever.  Moreover, 
blowholes  (which  are  invariably  present  in  ingot  iron)  are 
so  squeezed  out  spirally  as  to  make  the  walls  of  the  pipe 
completely  impermeable.  A  proof  of  this  is  the  retention 
ot  hydrogen  lor  weeks  in  a  piece  of  Mannesmann  pipe, 
closed  at  both  ends.  Pipes  thus  made  and  enlarged  have 
been  successfully  produced  of  all  diameters  up  to  18  in. 

The  designing  of  the  machinery  for  making  these  tubes 
was  a  work  of  some  difficulty,  on  account  of  the  very  high 
speeds  required  for  the  rolls,  and  the  details  of  this  ma- 
chinery have  so  far  been  kept  secret. 

In  addition  to  the  rolls  in  making  the  tubes,  a  mandrel 
may  be  used,  improving  the  product,  in  that  the  pipe  is  at 
once  made  smooth  and  more  nearly  perfect  inside  than 
would  be  the  case  otherwise. 

The  proportion  of  the  inside  diameter  or  bore  of  the 
tube  may  be  varied  within  wide  limits.  In  work  thus  far 
done,  it  has  been  possible  to  make  a  tube,  say  of  1+  in. 
outside  diameter,  with  a  bore  not  larger  tllan  a  small 
wire,  say  V.;  in.,  and  in  contrast  to  such  tubes,  pipes  are 
regularly  made  by  this  process  having  an  area  of  bore 
equal  to  95  per  cent,  of  that  of  the  outside  measurement,  and 
even  this,  it  is  claimed,  may  be  readily  exceeded  if  occasion 
should  demand,  as  experiments  which  have  been  made 
clearly  demonstrate. 

The  pipes  are  made  in  the  ordinary  lengths,  18  to  23  ft.; 
they  have,  however,  been  turned  out  in  lengths  of  45  ft. 
and  upward,  thus  insuring  a  considerable  decrease  in  the 
number  of  connecting  pieces  required. 

Tubes  made  by  this  process  have  been  tested  up  to  pres- 
sures of  4,500  lbs.  per  square  inch.  It  has  been  found 
possible  to  roll  a  tube  of  a  given  length  with  the  walls 
thicker  at  the  middle  than  at  the  ends,  and  then,  by  mak- 
ing such  tubes  of  rectangular  or  other  desired  section  by 
re-rolling,  to  make  beams  or  girders  of  constant  strength, 
this  being  effected  by  making  the  billet  from  which  the 
tube  is  to  be  rolled  of  less  section  in  the  middle  than  at  the 
ends  at  the  beginning  of  the  process. 

The  use  of  Mannesmann  tubes  for  all  purposes  where 
great  strength,  combined  with  lightness  and  absolute 
homogeneity  of  metal,  as  for  car  axles  and  similar  uses, 
has  been  suggested.  It  has  been  found  in  the  experiments 
which  have  been  made  that  an  inferior  metal,  one  not  per- 
fectly homogeneous  in  its  composition  and  quality,  will 
not  stand  the  test  of  being  put  through  the  Mannesmann 
rolls,  that  it  is  entirelv  impossible  to  form  a  tube  out  of 
imperfect  material.  This  being  the  case,  the  very  fact 
that  a  tube  has  been  formed  by  this  method,  it  is  claimed, 
is  of  itself  at  once  a  guarantee  of  the  quality  of  the  material 
used,  and  gives  in  the  product  a  degree  of  safety  in  use 
never  before  attained. 

Regarding  the  physical  structure  of  tubes  made  by  this 
process  Dr.  Wedding  has  found,  in  the  examinations  he 
nas  made  with  the  microscope,  that  the  metal  shows  a  very 
tlistinct  spiral  structure.  The  tubes  of  cast  steel  have  a 
number  of  extremely  minute  gas  bubbles  which  wind 
through  the  metal,  following  closely  the  direction  of  the 
nt)ers.  The  presence  of  these  spaces  does  not  appear 
materially  to  affect  the  strengtfi  of  the  pipe,  since  the  tests 
fron^ibes^  ^°"^*^  ^^^  strength  of  similar  wrought- 

Jn^n^u^  ^-^  now  manufactories  of  these  tubes  at  Kotomau 
in  Uohemia.  Bous  and  Remicheid  in  Germany  ;  and  the  1 


Mannesmann  Tube  Company  has  recently  completed  a 
large  factory  at  Landore,  Wales.  It  is  stated  that  arrange- 
ments are  in  progress  to  establish  a  factory  in  this  country. 


OUR  NAVY  IN  TIME  OF  PEACE. 


By  Lieutenant  Henry  H.  Barroll,  U.  S.  N. 


The  first  duty  of  our  Navy  in  time  of  peace  is  naturally 
to  k^ep  its  ships  and  personnel  constantly  prepared  for 
war.  The  mere  fact  of  being  at  all  times  ready  will  often 
avert  the  aggression  of  a  foreign  power. 

It  is  not  only  necessary  that  we  should  at  all  times  have 
the  most  modern  vessels  of  war,  but,  in  order  that  these 
shall  be  most  effective,  it  is  in  time  of  peace  that  they 
should  be  built,  when  time  and  care  can  be  taken  for  their 
more  perfect  construction. 

War  is  a  stale  or  condition  of  things  for  which  peace 
furnishes  the  drill-hour  ;  and  therefore  in  time  of  peace 
there  is  no  service  upon  which  our  Navy  can  be  so  profit- 
ably engaged  as  in  the  perfecting  of  its  fighting  powers. 

A  naval  force  should  be  constantly  ready  for  active  ser- 
vice. Increased  speed  on  the  high  seas,  while  bringing 
the  nations  of  the  world  closer  together  as  regards  travel 
and  commerce,  has  also  brought  them  nearer  for  the  pur- 
pose of  waging  warfare  ;  and  campaigns  which  in  former 
times  would  have  necessitated  months  of  preparation,  now 
require  only  a  few  weeks  at  most  for  their  decisive  results 
to  be  attained. 

It  requires  constant  study  to  keep  pace  with  the  rapid 
changes  made  in  the  art  of  war.  Each  great  national  con- 
flict greatly  modifies  the  systems  of  warfare.  The  Ameri- 
can civil  war  of  1861-65  was  fought  almost  entirely  with- 
out machine  guns,  which  less  than  10  years  later  played 
so  important  a  part  in  the  struggle  between  France  and 
Prussia.  The  iron-clad  monitor  of  Ericsson  revolutionized 
the  navies  of  the  world.  The  torpedo,  which  in  our  ci\il 
war  was  first  brought  prominently  to  the  front  (despite  the 
emphatic  protest  of  all  foreign  powers  that  its  use  was 
contrary  to  the  Law  of  Nations),  is  now  recognized  as  a 
military  arm  of  highest  importance  ;  and  all  nations  are 
striving  to  obtain  the  most  destructive — the  most  annihilat- 
ing type  of  th's  species  of  weapon. 

Torpedoes  were  used  sparingly  and  with  only  approxi- 
mate success  during  the  Rebellion,  but  were  the  right  arm 
of  the  Prussian  defense  of  the  harbors  of  the  North  and 
Baltic  Seas,  preventing  the  French  from  using  their  highly 
efficient  fleet.  Later,  the  attack  upon  the  stationary  sub- 
marine mine  by  counter-mining— the  explosion  of  counter- 
torpedoes — has  led  to  the  invention  of  finer  machines  ;  and 
the  automobile  torpedo  is  temporarily  supreme,  until  a 
more  formidable  rival  shall  have  been  launched  upon  the 
world,  only  to  be  defeated  in  its  turn,  as  its  predecessors 
have  been,  by  the  study  and  inventive  powers  of  the  nation's 
defenders.  No  person  can  now  prophesy  what  will  be  the 
effect,  during  the  next  war.  of  the  use  of  the  lately  inven»ed 
smokeless  powder  ;  while  there  is  no  question  but  that 
balloons  will  play  an  important  part  in  the  settlement  of 
the  next  national  conflict. 

War  has  now  become  so  expensive  that  it  will  not  be 
resorted  to  until  other  means  of  settlement  have  failed. 
Sober  second-thought  or  arbitration  will  be  called  upon 
to  avert  it  ;  and,  except  with  those  smaller  States  which 
have  not  much  at  stake,  differences  are  even  now  gen- 
erally settled,  in  this  way.  Still,  nowithstanding  the  many 
advocates  of  Courts  of  Arbitration.  Universal  Peace  Asso- 
ciations, and  other  Utopian  societies,  war  will  continue  to 
be  the  *'  last  resort  of  kings."  and  even  now,  as  in  the  day 
of  the  First  Napoleon,  victory  will  be  on  the  side  of  that 
nation  having  the  heaviest  artillery. 

A  modern  man-of-war  has  very  few  points  in  .common 
with  those  vessels  engaged  in  mercantile  pursuits  ;  and  it 
is  not  now  possible,  as  it  was  in  the  day  of  the  glorious 
Essex^  to  readily  turn  captured  merchantmen  into  fight- 
ing ships. 

Fortunately,  the  geographical  position  of  the  United 
States  removes  us  from  many  of  the  conflicting  questions 
which  are  continually  causing  apprehension  to  the  several 
European  States  ;  while  the  fact  that  America  is  composed 
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principally  of  republics  relieves  us  from  having  to  keep 
constantly  armed,  as  does  our  sister  republic,  France, 
against  a  possible  coalition  of  land-grabbing  monarchies. 

Yet,  while  it  is  unnecessary  that  our  country  should  be 
burdened  with  a  navy  of  such  vast  proportions  as  those 
belonging  to  European  powers  of  corresponding  magni- 
tude, it  is  equally  improvident  to  allow  it  to  deteriorate  to 
an  inefficient  condition.  , 

It  is  hardly  likely  that  any  nation  would  in  the  present 
day  attempt  to  invade  our  coast  further  than  to  obtain  a 
foot-hold,  and  a  line  of  possession  extending  perhaps  a  few 
miles  inland  from  tide-water.  Such  an  invasion  as  that 
made  by  the  British  in  1814,  when  our  public  buildings  at 
Washington  were  burned  and  our  national  records  were 
committed  to  the  flames,  will  hardly  be  attempted  in  the  | 
face  of  our  greater  strength,  and  the  more  improved  I 
methods  of  defense. 

The  number  of  vessels  to  carry  provisions  and  ammuni- 
tion for  an  invading  army  would  constitute  a  fleet  of  greater 
proportions  than  any  one  nation  could  assemble.  Our 
remoteness  from  the  European  countries  removes  us  from 
invasion,  as  the  "silver  streak"  of  the  English  Channel 
has  defended  Great  Britain  from  her  continental  rivals. 

But  while  this  isolation  furnishes  us  a  safeguard  against 
invasion  such  as  that  of  the  British  in  1814.  there  is  not 
now  the  need  of  such  invasion  to  cause  an  equally  severe 
amount  of  destruction.  With  the  long-range  guns  of  the 
present  day  there  is  no  reason  for  landing  within  the  limits 
of  a  hostile  country,  when  better  results  can  be  obtained 
from  a  safer  position. 

The  fighting  power,  as  now  carried  in  modern  war-ships, 
does  not  need  to  land  to  make  itself  felt  ;  while  with  such 
glaring  examples  before  us  as  the  burning  of  the  Summer 
Palace  at  Peking,  the  enforcement  of  opium  upon  the 
Chinese  people,  the  bombardment  of  Valparaiso,  Alexan- 
dria, etc.,  and  the  wholesale  murder  of  Chinese  in  the 
River  Min,  we  must  .admit  that  civilization  has  not  yet 
been  successful  enough  to  demand  of  civilized  nations  im- 
munity for  non-combatants  from  the  desolations  caused  by 
war. 

Although  the  best  authorities  on  the  subject  of  interna- 
tional law  have  repeatedly  affirmed  that  undefended  cities 
are  to  be  considered  as  exempt  from  bombardment,  yet 
this  principle  has  repeatedly  been  and  will  continue  to  be 
disregarded.  It  is  therefore  imperative  that  no  matter  how 
strong  we  may  be  by  land — no  matter  how  impossible  it 
may  be  to  invade  our  Western  States — we  should  have  a 
naval  force  at  least  sufficient  to  prevent  a  foreign  foe  from 
taking  up  an  unchallenged  position  from  which  he  may 
best  destroy  our  seaboard  cities,  or  demand  from  thern 
their  full  value  in  ransom. 

It  is  also  a  mistake  to  suppose  that,  owing  to  our  isolated 
position  as  regards  European  powers,  we  may  not  be  re- 
quired to  take  up  arms  in  defense  of  some  foreign  question. 

Two  generations  ago  President  Monroe  announced  his 
famous  Doctrine,  which  is  now  so  often  alluded  to,  and 
one  principle  of  which  was  to  the  effect  that  American  ter- 
ritory was  no  longer  susceptible  of  colonization  (coloniza- 
tion being  another  European  term  for  seizure)  by  Euro- 
pean Powers. 

This  principle  has  never  been  admitted  by  the  European 
powers  themselves  ;  it  is  likely  that  it  never  will  be  ad- 
mitted ;  and  the  probability  is  that  our  being  allowed  to 
expatiate  upon  it  so  long  arises  from  the  jealousies«xisting 
among  themselves,  rather  than  from  any  fear  on  the  part 
of  the  European  governments  that  we  will  attempt  its  en- 
forcement. Even  if  we  once  attempted  to  prevent  the  in- 
terference of  those  foreign  powers  in  the  afifairs  of  Ameri- 
can republics,  we  would  possibly  have  at  times  to  hold  the 
principle  in  abeyance,  as  the  English  now  do  their  insist- 
ance  on  the  Right  of  Search,  which  was  so  strenuously  held 
to  in  former  times. 

Although  the  Monroe  Doctrine  has  never  been  admitted 
by  the  European  powers,  yet  so  far  these  have  avoided 
bringing  that  question  to  a  definite  settlement.  We  have 
so  long  advanced  it  that  we  could  not  now  honorably  neg- 
lect to  insist  upon  its  observance  should  the  necessity  of 
maintaining  its  principles  arise  ;  and  although  removed  by 
thousands  of  miles  from  European  complications,  yet  the 
control  of  the  Pacific  is  a  matter  of  vital  importance  to  the 


United  States  ;  and  we  will  be  brought  face  to  face  with 
this  question  when  the  Nicaragua  Canal  nears  completion. 

The  control  of  this  important  channel-way   must  per 
force  excite  the  cupidity  of  some  of  our  friends  across  the 
sea.     Aden,  Perim,  Malta,  Hong  Kong,  Tongking,  Belize, 
Cyprus,  Suakin,  Tahiti,   Madagascar,  Zanzibar,  Massowa, 
even  Egypt,  have  been  colonized  (.''),  bought  (i*),  or  protect 
ed  (?),  for  far  less  important  reasons  ! 

With  regard  to  a  canal  across  the  American  Isthmus, 
the  President  of  the  United  States  saiu  in  his  annual  mes- 
sage of  1880  : 

The  policy  of  this  country  is  a  canal  under  American  control. 
The  United  States  cannot  consent  to  the  surrender  of  this  con- 
trol to  any  European  power.  The  capital  invested  by  corpora- 
tions or  citizens  of  other  countries  in  such  an  enterprise  must, 
in  a  great  degree,  look  for  protection  to  one  or  more  of  the 
great  powers  of  the  world.  No  European  power  can  intervene 
for  such  protection  without  adopting  measures  on  this  continent 
which  the  United  Slates  would  deem  wholly  inadmissible. 

Bermuda,  that  thorn  in  the  Atlantic  side  of  our  conti 
nent,  is  of  more  value  to  the  United  States  as  a  strategic 
point  than  the  entire  State  of  Ohio  ;  and  we  cannot  afford 
to  allow  the  Sandwich  Islands  also  to  pass  under  European 
control. 

Such  reflections  serve  to  make  it  apparent  that,  notwith- 
standing the  peaceful  character  of  our  nation — notwith 
standing  our  isolated  position — notwithstanding  our  well 
known  aversion  to  having  foreign  possessions,  we  may. 
from  some  such  cause,  at  any  moment  have  quarrels  forced 
upon  us  ;  and  therefore,  in  time  of  peace,  as  well  as  in  actual 
warfare,  bur  Navy  must  be  exercised  to  the  highest  point 
of  efficiency,  and  eternal  vigilance  must  still  be  the  price 
of  our  liberty. 

Having  a  smaller  force  than  those  navies  against  whom 
it  may  be  opposed  does  not  diminish,  but  further  accen 
tuates  the  importance  of  keeping  that  force  composed  of 
the  most  modern  type  of  vessels.     We  must  be  aole  to 
compensate  by  excellence  for  our  disadvantage  in  point  of 
numbers.     This  must  be  done  by  constant  drill  and  study. 
Indeed,  the  experience  of  our  late  civil  war  demonstrated 
that  there  was  less  need  for  drills  in  time  of  war  than  dur 
ing  peace.     In  time  of  peace,  drill  is  necessarily  only  a 
sham  affair — the   rehearsing  of  the  real  tragedy  which  is 
afterward  to  be  enacted — and  it  is,  therefore,  all  the  more 
important  that  the  rehearsals  be  frequent  and  well-attend 
ed,  that  the  tragedy  may  be  a  complete  success  ;  but  when 
the  company  is  giving  daily  exhibitions,  private  rehearsals 
are  no  longer  necessary. 

It  requires  from  four  to  five  years,  with  the  best  plant 
which  our  country  affords,  to  build  and  equip  a  modern 
battle-ship,  and  almost  as  long  to  drill  into  thorough  effi 
ciency  the  crew  who  are  to  conduct  her  into  action  and 
fight  her  guns.  With  the  nucleus  which  our  present  Navy 
furnishes,  crews  could  be  drilled  into  comparative  effi 
ciency  in  less  time  ;  but  that  raw  recruits  can  in  so  short  a 
time  be  even  partially  instructed  in  their  various  duties 
is  due  to  the  fact  that  their  drill-masters — graduates  of  the 
United  States  Naval  Academy — have  been  dozens  of  years 
acquiring  the  knowledge  which  they  impart. 

There  are.  then,   certain  individuals  whom  the  nation 
cannot  afford  to  discharge  in  time  of  peace,   because  the 
knowledge  and  skill  which  they  possess  can  only  be  ob 
tained  after  years  of  experience  and  drill. 

This  necessity  of  retaining  at  all  times  the  most  skilled 
men,  in  a  military  point  of  view,  extends  from  tjie  cabin  to 
the   forecastle.     There  are  experienced  commanders  and 
expert   gunners  ;    thorough   electricians    and  skilful  cox 
swains  of  boats,  all  well-trained  men  in  their  several  call 
ings  ;  and  although  the  captain   commands  the  gunner, 
the  coxswain,  and  the  torpedo  officer,  it  does  not  necessa 
rily  follow  that  he  can  steer  a  boat,  direct  a  torpedo,  or 
aim  an  8-in.  gun  with  the  same  skill  or  precision  as  can 
that  man  who  has  been  found  to  be  specially  qualified  for 
that  particular  business. 

In  addition  to  having  this  technical  knowledge,  it  is  also 
of  importance  that  a  person  should  have,  if  possible,  con 
stant  practice  in  those  affairs  which  he  is  expected  to  exe- 
cute :  and  during  those  long  periods  of  peace,  which  are 
best  for  our  country  in  a  mercantile  point  of  view,  the  miU- 
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tary  power  naturally  deteriorates  unless  still  greater  efforts 
are  made  to  keep  it  efficient.     ,.,...  ^  ,, 

The  wealth,  resources,  and  abiht.es  of  our  country  woud 
tro  far  toward  supplying  our  want  of  preparation,  but  could 
not  obviate  the  lapse  of  time  necessary  to  construct  the 
nroner  means  of  defense.  It  is  a  mistake  to  rely  upon  the 
naval  defense  of  the  country  by  its  untrained  citizens 

Thirty  years  of  rest,  while  foreign  powers  have  been 
suDPlvin/ themselves  with  modern  ships  and  improved 
weapons  of  war.  have  placed  us  now  where  it  behooves 
each  of  us  to  think  over  and  study  out  the  best  plans  for 

that  defense.  ,        ,,    ,   ,         .,        i        . 

Cincinnatus  was  suddenly  called  from  the  plow  to  com- 
mand an  army  ;  but   Cincinnatus,  or  even  Lord  Nelson, 


manned  and  totally  undrilled  Chinese  wretches  in  the  River 

Min. 

The  prosperity  of  our  Navy  and  that  of  our  merchant 
marine  must  go  hand  in  hand,  for  we  can  never  expect  to 
have  an  effective  naval  force  so  long  as  the  majority  of 
our  seamen  are  drawn  from  foreign  sources.  We  cannot 
expect  these  to  have  the  interest  of  our  country  or  the 
honor  of  our  flag  very  close  to  heart  ;  and  although  they 
can  be  made  to  tight  through  a  war,  yet  it  will  generally 
be   found  that  they  have  enlisted  to   '*  fight"  only  on  a 

peace  basis. 

We  are  essentially  a  land-dwelling  people— not  an  am- 
phibious race  such  as  the  Norseman  or  Dane— and  could 
raise  to  a  corresponding  degree  of  efficiency  a  powerful 
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for  that  matter,  would  have  a  sorry  time  of  it  if  suddenly 
called  upon  to  command  the  Philadelphia,  and  meet  a 
well-drilled  antagonist. 

In  1874.  Spanish  insurgents,  then  in  possession  of  the 
city  of  Carthagena.  on  the  Mediterranean  coast  of  Spain, 
managed  to  get  to  sea  with  the  two  Spanish  men-of-war. 
the  Almanza  and  the  Vittoria,  but  were  promptly  captured 
in  the  Mediterranean,  one  by  an  English  and  the  other  by 
a  German  man-of-war.  and  were  brought  back  to  Escom- 
brera  Bay  before  they  had  any  chance  to  put  their  peculiar 
theories  into  practice. 

One  of  these  insurgent  vessels  was  commanded  by  a 
butcher,  with  an  actor  as  first-lieutenant  ;  and  among  other 
amusing  incidents  connected  with  their  short  cruise,  shell 
were  found  in  several  of  the  guns,  with  no  cartridges  be- 
hind ;  a  small  s-in.  shell  was  found  rajrimed  carefully 
home  in  an  8-in.  gun,  while  the  larger  shell  had  been  left 
in  despair,  beside  the  more  diminutive  5-in.  rifle. 

Owing  to  dissensions,  the  insurgents  decided  to  surrender 
to  the  English  and  German  men-of-war,  else  there  might 
have  been  a  parallel  to  the  target-practice  of  the. magnifi- 
cent French  fleet  against  the  poorly  officered,  miserably 


army  in  a  much  shorter  time  than  that  in  which  we  could 
produce  a  formidable  navy. 

In  event  of  sudden  war,  our  Army  would  at  once  be  re-en- 
forced in  both  rank  and  file  from  a  comparatively  well- 
drilled  militia.  The  Navy,  for  its  increase  under  similar 
circumstances,  would  be  dependent  almost  altogether  upon 
the  fishing  tieet,  since  our  American  merchant  vessels 
are  manned  almost  entirely  by  foreign  seamen.  Even 
those  additions  that  might  be  made  from  the  above  sources 
would  be  composed  of  men  who,  although  possibly  good 
sailors,  would  be  utterly  ignorant  of  the  military  duties  oi 
a  man-of-wars-man. 

The  foregoing  presents  the  raison  (V ctre  of  a  navy  in 
time  of  peace — not  only  to  retain,  but  to  increase  its  effi- 
ciency for  war  ;  not  only  to  keep  in  thorough  working  con- 
dition the  splendid  modern  battle-ships,  but  to  also  design, 
build  and  equip  vessels  which  shall  combine  the  latest  and 
most  destructive  fighting  qualities  ;  not  only  to  keep  our- 
selves, by  constant  exercise,  in  thorough  practice,  but  by 
patience  and  care  to  evolve  from  the  raw  recruit  a  well- 
drilled,  well-informed,,  and  well-disciplined  soldier  and 
sailor. 


22 


THE    RAILROAD    AND 


[January,  iSgi. 


M.'VV1  il 


1 


1 


fr  -^h    1*    •    \     -    -• 


■  I 

I « 
:  k 

II 


f 


«^lkft^li«^^»*^■^.yw■>■v.,l«*^l|l>■c^^v^> 
C);    .o  o|  o.S  Z^.        .,„ 


< 

w 

H 
(/) 
W 

^ 

X 

H 

P 

O 
(/) 

«ia 

O 
Q 

o 
•-1 

^r 

o 

H 
< 

OQ 

Pi 

O 

o 
o 

Pi 

Q 

< 

Pi 
o 

H 


This  paramount  duty  of  the  Navy  be- 
ing provided  tor — this  end  being  accom- 
plished —  the  surplus  individuals  or 
vessels  belonging  to  the  Navy  may  be 
and  are  employed  in  various  ways  to 
further  benefit  commerce,  etc.,  while 
they  are  not  wanted  for  actual  warfare. 
(to  be  continued.) 


AN  ENGLISH  SUBURBAN 
STATION. 


The  accompanying  illustrations,  from 
the  Railway  Engineer,  show  a  very 
neat  suburban  station  recently  built  on 
the  new  Wimbledon  Branch  of  the  Lon- 
don &  Southwestern  Railway.  The 
one  illustrated  is  at  Wimbledon  Park, 
but  others  on  the  line  are  of  similar 
type,  with  such  variations  as  are  re- 
quired by  local  circumstances.  Figs. 
I,  2,  and  3  show  a  side  elevation,  a  roof 
plan,  and  a  floor  plan  of  the  station, 
while  fig.  4  shows  the  construction  of 
the  roof  more  in  detail.  In  this  case 
it  will  be  seen  that  the  adjoining  public 
street  is  at  a  higher  level  than  the  track. 
The  ticket  office,  or  booking  office,  as 
our  English  cousins  call  it,  is  on  a  level 
with  the  road,  and  after  passing  it  pas- 
sengers descend  a  staircase  to  the  level 
of  the  platform,  upon  which  the  waiting- 
rooms  are  situated.  This  seems  to  be  a 
much  better  arrangement  than  to  have 
the  waiting  rooms  upon  the  higher  level, 
as  passengers  are  then  close  to  the  track 
platforms  and  are  not  dependent  upon 
warnings  sent  from  a  distance  to  notify 
them  when  the  train  is  coming. 

In  this  case  the  platform  is  in  the 
center,  with  the  track  on  each  side  of  it. 
This  is  not  always  the  best  arrange- 
ment, but  has  the  advantage  of  saving 
bridges  or  other  arrangements  for  cross- 
ing the  track.  The  baggage-rooms  are 
on  a  level  with  the  platform,  and  a  hy- 
draulic elevator  is  provided  for  carrying 
baggage  and  parcels  up  and  down. 

The  buildings  are  of  brick  with  facings 
of  stone,  the  roof  being  tiled.  The  plat- 
form roof  is  carried  on  cast-iron  columns 
placed  40  ft.  apart,  carrying  wrought- 
iron  lattice  girders  and  trough  girders 
which  support  the  roof  timbers.  The 
roof  is  of  boards  covered  with  zinc.  The 
rain-water  is  carried  from  the  gutter 
placed  at  the  eaves  by  means  of  the 
trough  girders  into  the  columns,  down 
which  it  passes  and  is  then  carried  into 
a  sewer  under  the  platform.  The  plat- 
forms are  paved  with  tar  and  gravel 
under  the  roofing.  The  signal-box  is 
placed  at  the  end  of  the  platform. 

The  general  construction  and  arrange- 
ment of  the  roof  trusses  and  the  roof  is 
shown  in  fig.  4.  The  longitudinal  gir- 
ders which  are  carried  on  the  iron  col- 
umns are  lattice  girders,  each  39  ft.  5 
in.  in  length  and  24  in.  in  depth,  the  top 
and  bottom  chords  being  of  T-iron.  The 
roof  timbers,  which  are  carried  on  the 
trough  girders  resting  on  the  truss,  are 
9  X  3  in.  in  size  and  the  ridge  timber  7  X 
3  in.  The  roof  rafters,  which  are  placed 
2  ft.  apart  centers,  are  4  X  2|^  in.  in  size. 
The  cast-iron  columns  rest  upon  con- 
crete foundations  provided  with  a  cap- 
t stone  to  receive  the  base  of  the  columns, 
the  top  of  the  capstone  being  about  2 
fX.  below  the  platform  level. 
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THE  UNITED  STATES  NAVY. 


I  The  new  gun  boat  Bennington,  which  is  a  sister  ship 
to  the  Concord,  is  to  have  considerable  alterations  made 
in  her.  The  chief  of  these  is  the  addition  of  a  flush  spar 
deck  extending  the  whole  length  of  the  ship,  and  the  sub- 
stitution of  two  masts  for  three.  The  effect  will  be  to  give 
her  more  stability  and  make  her  a  better  sea  boat.  The 
changes  are  the  result  of  experience  with  the  Yorktown  as 
a  cruiser.  A  change  in  the  battery  will  be  made  also,  and 
instead  of  six  6-in.  guns,  the  Bennington  will  have  eight 
5-in.  guns,  four  mounted  amidships,  two  forward  and  two 
aft.  With  these  changes  it  is  believed  that  she  will  be  a 
more  efficient  cruiser,  while  her  armament  will  be  quite  as 
formidable  as  that  originally  planned.  These  changes 
will.somewhat  delay  the  completion  of  the  ship. 

THE  secretary's  REPORT. 

The  report  of  the  Secretary  of  the  Navy  gives  an  ex- 
tended account  of  the  progress  so  far  made  in  building  up 
a  navy  composed  of  vessels  of  the  best  modern  types.  Un- 
der existing  contracts  nearly  all  the  vessels  so  far  planned 
will  be  completed  by  1893.  All  of  those  under  construc- 
tion have  been  from  time  to  time  described  in  our  columns, 
and  in  the  accompanying  table  are  given  all  the  new  ships, 
the  construction  of  which  has  so  far  been  authorized  by 
Congress,  the  present  condition  of  each  being  briefly  noted. 

Hardly  less  important  than  the  work  of  building  new 
ships  is  that  of  supplying  them  with  guns.  The  following 
table  gives  the  number  of  sets  of  fprgings  so  far  ordered, 
the  number  of  guns  completed,  and  the  number  of  guns 
now  under  construction  at  the  Washington  Gun  Jf  oundry  : 


Caliber. 

Forging* 
Ordered. 

Completed 
Guns. 

Guns  under 
Construction. 

I-IH 

35 

4 

t28 

35 

*S 

8 

za 

A. 
3 

77 

4 
■ . 
•  « 

12 

c-in 

6-in 

as 

3 
3 

8-in „ij..... 

lo-io .    ....   .    . 

i2-in 

i-j-in --  - 

Of  the  above  guns,  the  4-in.  and  5-in,  may  properly  be 
classed  as  rapid-firing  guns,  employing  fixed  ammuni- 
tion,  that  is  to  say,  havmg  the  cartridge  case,  charge,  and 
projectile  combined  in  one.  The  5-in.  gun  is  the  largest 
that  present  investigation  and  experience  indicate  as  prop- 
erly adapted  to  the  quick-tiring  feature.  The  combined 
weight  of  the  cartridge  case,  charge  and  projectile  in  this 
gun  is  estimated  not  to  exceed  100  lbs.,  which  can  be 
handled  without  difficulty.  Beyond  this  it  is  inexpedient 
to  go.  as  the  great  weight  of  the  projectile  prevents  the 
rapidity  of  fire,  which  is  this  gun's  essential  feature.  A 
specimen  of  the  4-in.  gun  has  been  completed  and  tried  and 
has  given  highly  satisfactory  results,  two  types,  differing 
in  their  breech  mechanism,  having  been  manufactured. 

The  adoption  of  rapid-firing  guns  of  large  caliber  has 
made  it  necessary  to  develop  a  plant  for  the  manufacture 
of  suitable  cartridge  cases,  and  an  agreement  has  accord- 
ingly been  made  with  the  Winchester  Repeating  Arms 
Company  of  New  Haven.  Conn.,  to  supply  1 5.000  cases, 
with  the  option  to  the  department  to  order  10,000  more  at 
a  reduced  price.  The  company  has.  nearly  completed  the 
machmery  necessary  for  making  these  cases,  and  their  de- 
livery will  soon  begin. 

Passing  to  the  heavy  guns,  the  first  is  the  6-in.,  the 
length  of  which  has  been  increased  from  30  to  35  calibers. 
1  he  performance  of  the  new  gun  is  satisfactory,  and  spec- 
imens will  soon  be  made  with  a  still  longer  bore,  a  gun  40 
calibers  in  length  having  been  designed  for  this  purpose. 

U[  the  8-in.  guns,  six  of  the  new  designs.  35  calibers  in 
length,  have  been  manufactured,  tested  with  good  rerults, 
and  issued,  and  a  new  8-in.  gun,  40  calibers  in  length, 
nas  been  designed  which  it  is  proposed  to  mount  on  Cruiser 
^.?nc'^"  .u  n  ^"^^^^  advantage  of  this  gun,  as  of  all  long 
U.w.'^  the  flat  trajectory  of  the  projectile,  due  to  its  high 
velocity,  which  makes  it  possible  to  use  the  gun  success- 


NEW  SHIPS  FOR  THE  UNITED  STATES  NAVY. 


Displace- 
ment, Tons. 

Vessel. 

Description. 

Condition. 

;.:  ■  ; 

Armored  Ships. 

First  Rate  : 

I    New  York 

Cruiser 

8,100 

BIdg.  Cramp  &  Sons,  Phila. 
Ijiunched,  N.  Y.  Navy  Yard. 

2.  Mgtint 

Cruiser 

6.648 

3.    Texas 

Battle-ship 

Monitor 

6,314    BIdg.  Norfolk  Nary  Yard. 

4.  Puritan 

5.  Indiana 

6.  Massachusetts.. 

7.  Oregon 

6  ofo    Building,  N.  Y.  Nary  Yard. 

9,900  .  Bldp.  Cramn^  Sons.  Phila. 

Battle-ship 

Battle-ship 

9.900 
9,900 

Rldg.  Cramp  &  Sons,  Phila. 
BIdg. Union  I.  W.,  San  Fran. 

Battle-ship 

Second  Rate  : 

■ 
a 

8.  Monterey 

9.  Amphitritt ... 
10.  Miantonomoh . . 

Monitor 

41OO3 
3.815 
3,815 

Bldg.Union  I.  W.,San  Fran. 
Under  com.,  N'f'lt  N.  Yard. 

Monitor 

Monitor 

Under  com.,  N.  Y.  N.  Yard. 

Monitor 

3.815 
3,815 

Under  com  ,  M.Is'd  N.Yard. 

12     Terror 

Monitor 

Under  com.,  N.  Y.  N.  Yard. 

Third  Rate: 

13.  Harbor  Defense 

Ram 

Armored  Ram 

2,000 

Bids  ca'ed  for,  op'ed  Dec.  ao. 

Unarmored   Ships. 

^ 

First  Rate  : 

••   " 

14.  Cruiser  No.  6. . . 

15.  Cruiser  No.  12.. 
Second  Rate  : 

Cruiser * . 

5,500    Bldg.UnionI.W.,SanFran. 

7,400     Rldff.  Crainn&<>on«.  Pkila. 

Cruiser 

16.  Chicago 

Protected  Cruiser  .. 

4.500 

In  commission. 

17.  Baltimore 

Protected  Cruiser  . . 

4,400 

In  commissiwi. 

18. 
19. 

30. 

21. 
23. 
23- 

24. 
25- 


Newark [Protected  Cruiser 

San  /Vawcwtf..  [Protected  Cruiser 
Charleston ;  Protected  Cruiser 


Philadelphia  ..  t  Protected  Cruiser  ..|  4.300  In  commission. 

4,083  Ready  for  trial. 

4,083  I  Nearly  ready  for  sea. 

3,730  In  commission. 

Cruiser 3«i89  In  commission. 

Cruiser 3.189  In  commission. 

Cruiser 3,000  Building,  N.  Y.  Navy  Yard. 

Cruiser 3000  BIdg.  Norfolk  Navy  Yard. 


Boston 

Atlanta 

Cincinnati 

Raleieh 

Third  Rate  : 
26.  Cruiser  No.  9. . . 
37.  Cruiser  No.  10. 

Cruiser  No.  11. . 

Bennington  .... 

Concord 

Yorktotvn 

Dolphin 

Gunboat  No.  5. . 

Gunboat  No.  6.. 

Fourth  Rate  : 

Vesuvius 

Petrel 

Practice  ship  . .. 

Torpedo  cruiser 

Cush ing  

40.  Torpedo     boat 
No.  2 

Dynamite  No  2. 
Unclassed. 

Armored    Cruis- 
ing Monitor. . 


38 
29, 
30 
3» 

33 
34. 

35. 
36 
37 
38. 
39- 


4^ 


42 


Cruiser  . 
Cruiser  . 
Cruiser  . 
Gunboat. 

Gunboat 
Gunl>oat 
Gunboat 
Gunboat 
Gunboat , 


Dynamite  Gunboat. 

Gunboat , 

Gunboat 

Gunboat 

rorpedo  Boat 


Torpedo  Boat 

Dynamite  Gunboat. 


Armored  Cruiser 


2,000 
2,000 
2,000 
1.700 
1,700 
1,700 

1.485 
1,050 
1,050 

970 
870 

83s 
750 
xoo 

112 
970 


3,030 


BIdg.  Columbian  I.  W.,  Bal. 
Rldg.  Columbian  I.  W.,  Bal. 
Building,  H.  Loring,  Boston. 
N'ly  r'y,R'eh  y'd,Ch'ter,Pa. 
R'y  fortr'l.R'ch  y'd.Ch.,Pa. 
In  commission. 
In  commission. 
BIdg.  Bath  I.  W.,  Bath,  Me. 
BIdg.  Bath  I.  W.,  Bath,  Me. 

In  commission. 
In  commission. 
BIdg.S.L.M're&S.,E1lz  ,N.J 
Bids  to  be  opened,  Feb.  11. 
In  commission. 

Bids  received,  Dec.  20. 
Construction  suspended. 


Construction  suspended. 


Note. — The  construction  of  Dynamite  Gunboat  No.  :  depends  upon  the 
success  attained  with  the  Vesuz'ius\,  and  has  not  yet  been  ordered.  The 
armored  cruising  monitor — sometimes  referred  to  as  the  Thomas  monitor 
— will  probably  not  be  built  at  all. 

fully  a^  ordinary  battle  range  without  accurate  measure- 
ment of  distance. 

Of  the  lo-in.  guns,  four  that  make  up  the  armament  of 
the  Miantonomoh  are  completed,  and  three  of  the  four  for 
the  Maine  are  in  an  advanced  stage  of  manufacture. 

No  i2-in.  guns  have  yet  been  made,  but  forgings  for  one 
.gun  have  been  received  from  the  Bethlehem  Iron  Com- 
pany, and  the  gun  factory  is  ready  to  proceed  with  the 
manufacture  of  these  guns  as  fast  as  forgings  are  de- 
livered. 

The  design  for  the  first  13-in.  gun,  35  calibers  in  length, 
has  been  completed,  and  the  tools  for  its  manufacture  are 
in  course  of  construction.  Twelve  sets  of  forgings  of  this 
size  have  been  ordered  from  the  Bethlehem  Iron  Company 
for  the  batteries  of  the  three  new  battle  ships. 

All  contracts  with  private  firms  for  the  manufacture  of 
heavy  guns  have  been  completed  in  the  course  of  the  past 
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year,  and  the  guns  have  been  proved  and  issued  to  the  ser- 
vice. No  further  contracts  of  this  character  will  be  made 
with  private  firms,  the  capacity  of  the  gun  foundry  at 
Washington  being  sufficient  to  handle  forgings  as  fast  as 
they  will  be  received. 

The  ordnance  work  of  the  past  year  has  included  the 
completion  and  installation  of  the  armaments  of  the  Balti- 
more, the  Philadelphia,  the  San  Francisco,  and  the 
Miantonomoh,  while  those  of  the  Newark  and  Concord 
are  ready. 

The  8-in.  guns  of  the  Charleston  are  also  ready  and  will 
replace  four  of  her  6-in.  guns  on  her  return.  The  manu- 
facture of  a  new  armament  for  the  gunnery  ship  Lancas- 
ter \\z.s  been  begun.  It  is  believed  that  with  the  increased 
rapidity  of  delivery  of  forgings  from  the  Bethlehem  and 
Midvale  Companies  and  the  development  of  the  Washing- 
ton Gun  Foundry,  batteries  can  hereafter  be  furnished  to 
new  ships  as  fast  as  the  latter  are  completed.  The  Mid- 
vale  Company  is  now  engaged  in  puttmg  up  a  plant  for 
forgings  of  large  calibers,  and  by  the  early  part  of  next 
year  will  probably  be  able  to  do  machining  up  to  10  in. 
guns,  and  to  cast  and  forge  up  to  13-in.  There  will, 
therefore,  be  two  firms  in  the  United  States  ready  to  sup- 
ply any  gun  forgings  that  are  likely  to  be  needed. 

The  improvements  at  the  gun  foundry  during  the  past 
year  include  the  erection  of  the  iio-ton  overhead  traveling 
crane,  the  completion  of  the  shrinkage  pit,  gun  carriage 
shop,  and  office  building,  the  construction  of  a  siding  from 
the  Baltimore  &  Potomac  Railroad,  which  his  greatly 
facilitated  deliveries  and  shipments,  and  the  purchase  of 
a  shifting  engine  and  of  several  special  machine  tools. 

It  is  satisfactory  to  note  that  with  these  improvements, 
both  the  cost  of  manufacture  and  the  time  required  have 
been  largely  reduced— in  the  case  of  the  6-in.  gun  from 
$2,649  ^""J  '*5  ^^ys  to  11,298  and  60  days. 

Under  the  act  of  June  30,  1890,  the  Navy  Department, 
on  September  19  last  entered  into  contract  with  the  Erics- 
son Coast  Defense  Company  for  one  submarine  gun  and 
six  steel  projectiles,  the  gun  and  projectiles  to  be  fixed  and 
secured  in  position  on  board  the  steam  vessel  known  as 
the  Destroyer. 

It  is  proposed  to  make  a  thorough  test  of  this  system  of 
submarine  artillery,  which  possesses  undeniable  advan- 
tages, if  applied  to  special  types  ot  vessels,  such  as  the  ram 
designed  for  work  at  close  quarters.  The  experiments  will 
be  conducted  at  the  Torpedo  Station  at  Newport. 

Cast-iron  common  shell  and  shrapnel  have  been  manu- 
factured at  Washington  and  supplied  to  the  new  ships  as 
fast  as  needed.  The  manufacture  of  cast-steel  common 
shell  has  been  discontinued  for  the  present,  the  results  ob- 
tained not  having  proved  satisfactory.  Efforts  have  been 
made  to  develop  in  this  country  a  process  of  making  com- 
mon shell  of  forged  steel,  as  this  shell  possesses  marked 
advantages,  and  it  is  hoped  that  before  long  specimens 
may  be  obtained  for  test  and  that  the  manufacture  may  be 
domesticated  in  the  United  States. 

The  specimens  of  armor-piercing  projectiles  hitherto  re- 
ceived from  private  firms  in  this  country,  tempered  by 
various  processes,  have  not  proved  satibfactory,  and  the 
only  present  prospect  of  securing  what  we  need  is  by  the 
adoption  of  some  one  of  the  processes  in  use  abroad.  A 
contract  has  been  made  for  a  quantity  of  projectiles  to  be 
manufactured  in  America  by  one  ot  these  processes,  and 
the  Department  is  still  endeavoring  to  bring  about  some 
arrangement  by  which  it  may  obtain  other  armor-piercing 
shells  of  the  best  quality  of  American  manufacture. 

The  great  number  of  inventions,  possessing  more  or  less 
merit,  in  the  way  of  light  rapid-firing  guns,  has  multiplied 
the  number  of  types  in  use  in  all  the  navies  of  the  world. 
The  manifest  disadvantage  of  this  extreme  diversity  of 
types,  each  with  its  special  ammunition,  on  board  a  single 
ship  has  led  the  Department  to  look  with  tavor  upon  a 
plan  to  limit  the  smaller  rapid-firing  pieces  to  the  6-pounder 
and  i-pounder  calibers,  and  to  abandon  as  fast  as  is  prac- 
ticable the  3-pounders  and  the  47-millimeter  and  37-milli- 
meter revolving  cannon. 

The  Driggs  Ordnance  Company  has  begun  worlc  on  the 
ten  6-pounder  and  the  ten  3-pounder  guns  and  ammunition 
ordered  last  year. 

The  Hotchkiss  Ordnance  Company  has  filled  its  original 


contract  with  the  Department  for  94  Hotchkiss  guns  and 
ammunition,  with  the  exception  of  steel  shell  lor  the  6- 
pounder  and  3-pounder,  in  the  manufacture  of  which,  of 
the  proper  quality,  considerable  difficulty  has  been  expe- 
rienced.  Deliveries  have  also  been  made  under  later  or- 
ders. 

Owing  to  delays  in  the  completion  of  the  great  armor 
making  plant  at  Bethlehem,  which  seem  to  have  been  un- 
avoidable, the  Department  has  let  contracts  for  ab^)ut 
6,000  tons  of  armor,  not  covered  by  the  contracts  with  the 
Bethlehem  Company,  to  Cainegie,  Phipps  &  Company,  of 
Pittsburgh.  Deliveries  by  this  company  will  begin  in 
June  next,  and  by  the  Bethlehem  Company  in  October. 

Further  tests  are  to  be  made  of  nickel-steel  plates,  which 
are  to  be  very  thorough  and  careful.  Until  these  are  com- 
pleted no  extensive  purchases  of  nickel  or  nickel-steel  will 
be  made. 

The  contract  with  the  Hotchkiss  Ordnance  Company  for 
torpedoes  has  not  yet  been  filled.  Contracts  have  been 
made  for  a  number  of  Whitehead  automobile  torpedoes. 
Some  successful  tests  have  been  made  of  the  Patrick  tor- 
pedo. 

The  Secretary  recommends  an  increase  in  the  number 
of  Rear-Admirals,  now  insufficient  ;  he  also  recommends 
an  increase  in  the  number  of  Commanders  and  Lieutenant- 
Commanders,  and  a  decrease  in  that  of  Lieutenants,  in 
order  to  equalize  and  regulate  promotion,  and  to  prevent 
the  exaction  of  too  long  terms  of  service  in  subordinate 
grades.  A  somewhat  similar  readjustment  in  the  Engineer 
Corps  and  an  increase  in  the  number  of  engineers  is  re- 
quired. 

In  conclusion  the  Secretary  again  calls  attention  to  the 
unprotected  condition  of  our  sea-coasts,  and  urges  upon 
Congress  the  necessity  of  a  fleet  of  efficient  fighting  ships 
to  aid  in  the  protection  of  our  harbors  and  seaport  cities. 
This  part  of  the  report  is  interesting,  but  space  forbids 
more  than  the  briefest  summary  here. 

The  necessity  for  an  efficient  Naval  Reserve,  and  the 
policy  of  encouraging  the  formation  and  training  of  a 
naval  militia  is  also  dwelt  upon  at  some  length. 


THE  GOVERNMENT  SURVEYS  FOR  THE  GREAT 
SIBERIAN  RAILROAD. 


By  A.  Zdziarski,  Engineer. 


(Continued  frotn  page  557,  Volume  LXIV.) 


II. — THE    TRANS-BAIKAL   RAILROAD. 

The  Trans-Baikal  Railroad  being  intended  to  connect 
steam  navigation  on  Lake  Baikal  with  tjhie  navigable  waters 
of  the  Amour  River,  its  starting-point  would  necessarily 
be  one  of  the  harbors  on  the  eastern  shore  of  Lake  Baikal. 
There  are  three  such  harbors,  Boiarskaia,  Misovskaia 
and  Kluievskaia  ;  and  the  explorations  made  of  them  hav- 
ing indicated  that  of  Misovskaia  as  the  most  suitable,  it 
was  adopted  as  the  starting-point  of  the  line. 

The  eastern  terminus  ot  the  railroad  will  be  Sreten'^k. 
on  the  Shilka,  the  principal  tributary  of  the  Amour  ;  that 
river  is  not  suitable  for  navigation  above  Sretensk, 
although  it  carries  a  considerable  volume  of  water. 

The  whole  length  of  the  main  line  from  Misovskaia  to 
Sretensk  is  663  miles,  and  branches  to  the  ports  or  landing's 
on  Lake  Baikal,  the  Selenga  and  Shilka  rivers  will  require 
6  miles  more,  making  a  total  of  669  miles. 

The  location  was  not  easy,  the  line  having  to  traverse  a 
heavy  mountain  country  and  to  cross  the  Jablono\oi 
Range.  Notwithstanding  this,  almost  the  whole  line  - 
with  an  exception  of  14  miles  only — was  located  under  the 
conditions  of  the  level  sections  ;  that  is,  with  maximum 
grades  of  0.8  per  cent,  and  a  minimum  radius  of  curvature 
of  2,100  ft.  Under  these  circumstances  some  particulars  of 
the  location  will  be  of  interest. 

From  the  starting-point  at  Misovskaia  the  line  folio  vs 
for  some  distance  the  shore  of  Lake  Baikal,  then  enters  ilie 
vallty  of  the  Selenga  River,  running  between  the  river  and 
the  foot-hills  of  the  neighboring  mountain  range.  Here 
the  direction  is  northeast,  but  soon  turns  southward,  still 
in  the  Selenga  Valley,  but  crossing  many  rocky  hills  and 
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passing  through  the  Hamar-Dabai%  Range,  At  Verkhne- 
Oadinsk  the  line  crosses  the  Selenga  and  turns  northeast 
again,  following  up  the  OuJa  River  nearly  to  its  source. 

The  further  location  is  governed  by  the  best  crossing  of 
the  Jablonovoi  Range.  The  descent  of  those  mountains 
on  bhe  eastern  side  into  the  valley  of  the  Chita  River — 
which  belongs  to  the  Amour  system — was  the  most  diflR- 
culi  portion  of  the  line,  the  height  of  the  pass  being  I,I20 
ft.,  and  the  distance  in  which  the  descent  must  be  made 
being  short.  Thirteen  passes,  on  an  extent  of  66  miles, 
were  explored  by  barometric  leveling,  and  the  most  suit- 
able one  found  was  that  of  the  Shoidak  River,  a  small 
stream  belonging  to  the  Amour  watershed. 

Having  this  in  view,  the  line  follows  up  the  Ouda,  gen- 
erally on  the  side  hill,  to  the  mouth  of  the  Pogromma, 
above  which  point  the  valley  of  the  Ouda  becomes  a  rocky 
gorge,  too  narrow  for  the  road.  It  then  follows  up  the 
valleys  of  the  Pogromma  and  its  tributary,  the  Kourmuk, 
reaching  a  plateau  covered  with  smafl  lakes.  Traversing 
this  plateau  in  a  general  easterly  direction  it  enters  the 
valley  of  the  Domna,  a  small  river  belonging  to  the  Lena 
system,  which  is  followed  until  the  divide  between  the 
headwaters  of  the  Ouda  and  the  Domna  is  reached  and 
crossed.  In  ascending  this  divide  it  was  necessary  to  put 
in  some  zigzags,  using  radii  of  1,750  ft.,  in  order  to  keep 
within  the  limits  of  grade. 

The  line  then  follows  the  southern  or  Ouda  side  of  the 
divide,  and  on  the  330th  mile  reaches  the  highest  point  on 
the  railroad,  3,670  ft.  above  the  sea.  This  point  is  the 
summit  of  the  divide  between  the  Ouda.  in  the  Baikal 
watershed,  and  the  Tala,  a  tributary  of  the  Konda,  and 
here  the  road  enters  the  watershed  of  the  Lena,  whose 
waters  flow  northward  to  the  Arctic  Sea. 

Descending  the  valleys  of  the  Tala  and  the  Konda  and 
ascending  that  of  the  Mongoi,  the  line  then  rises  td'the 
summit  of  the  chosen  pass  in  the  great  Jablonovoi  Range, 
and  finally  enters  the  watershed  of  the  Amour,  and  de- 
scends the  eastern  slope  of  the  range,  following  the  valley 
of  the  Shoidak.  The  highest  pomt  here  is  on  the  400th 
mile,  and  is  3  427  ft.  above  the  sea.  This  point  marks^the 
divide  between  the  Lena  and  the  Amour  watersheds  ; 
that  is,  between  the  waters  flowing  northward  to  the  Arctic 
and  eastward  to  the  Pacific  Ocean. 

From  this  divide  the  line  descends  the  valley  of  the  Shoi- 
dak with  a  continuous  grade  ot  1.2  per  cent,  to  the  Chita  ;  ^ 
from  the  mouth  of  the  Shoidak  it  still  runs  southward,  fol- 
lowing the  Chita  River  to  the  town  of  Chita,  the  capital  o( 
the  Trans-Baikal  Territory.  Thence,  turning  southeast, 
it  descends  the  valley  of  the  Ingoda,  following  the  left 
bank  of  that  stream  to  the  point  where  it  unites  with  the 
Onon  to  form  the  Shilka  River,  which,  as  before  stated,  is 
one  of  the  chief  tributaries  of  the  Amour. 

Entering  the  flat  valley  of  the  Shilka,  at  first  a  number 
ot  rock  cuts  and  embankments  with  retaining  walls  will 
be  needed.  Following  the  left  bank  of  the  river,  the  line 
crosses  the  Nercha  River  not  far  from  the  Nerchinsk  from 
Works,  and  reaches  its  terminus  at  jMatakan,  the  station  '^ 
there  being  opposite  the  town  of  Sretensk,  which  is  on  the 
right  bank  of  the  river,  and  is  the  starting-point  for  steam- 
boat navigation. 

Along  the  whole  line  only  the  valley  of  the  Ingoda  and 
that  of  the  Shilka  are  inhabited  ;  the  rest  of  the  country  is 
almost  deserted,  being  peopled  only  by  the  half-savage 
liouriates,  who  lead  a  nomadic,  pastoral  life. 

As  above  stated,   the  length  of  the  main  line  is  663 
miles  ;  of  this  649  miles  come  under  the  conditions  of  leve^ 
sections,   only   14    miles  being  mountain    sections,   with    * 
grades  of  1.2  per  cent.,  and  curves  of  a  minimum  radius 
of  1,400  ft. 

In  working  the  line  the  section  containing  the  mountain 
passes,  from  Konda  to  Chita,  56  miles,  will  be  considered 
a  mountain  section,  and  the  trains  will  be  run  between 
those  stations  with  two  engines. 

For  the  level  sections  the  maximum  grade  is  08  per 
cent,  and  the  minimum  radius  of  curvature  2,100  ft.,  the 
grade  being  reduced  to  0.75  per  cent,  where  curves  of 
1.750  !♦•  radius  are  used  on  the  zigzags  or  spirals.  For 
the  mountain  sections  the  minimum  radius  of  curvature  is 
1,400  ft.,  and  the  maximum  gra-de  1.2  per  cent.  This 
grade,  however,  is  found  only  in  one  direction,  so  that 
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trains  going  eastward  will  encounter  no  grade  over  0.8 
per  cent. 

Under  these  circumstances  on  the  Chita-Konda,  or 
mountain  section,  a  passenger  train  of  30  cars  will  require 
two  engines  going  westward,  but  only  one  going  east- 
ward. Freight  trains  will  be  handled  in  the  same  way  ; 
it  is  expected  that  the  standard  freight  train  will  consist  of 
28  loaded  cars  in  summer,  but  of  20  only  in  winter. 

The  grade  is  designed  for  single  track  only  ;  it  will  have 
a  standard  width  of  16.8  ft.,  the  slopes  being  i^  or  less. 

The  estimated  average  quantity  of  earthwork  is  about 
33.200  cub.  yds.  per  mile  ;  that  is,  24.030  cub.  yds.  of  em- 
bankment, 3.200  of  earth  cutting,  1,870  of  stone  cutting, 
and  4,100  cub.  yds.  of  rock  cutting.  f 

The  most  difficult  earthwork  is  met  with  on  the  snore  of 
Lake  Baikal,  in  crossing  the  Jablonovoi'  Range,  and  on 
the  banks  of  the  Ingoda  and  the  Shilka.  The  soil  is  of 
different  descriptions,  but  generally  hard  ;  the  stone  cut- 
tings will  require  the  use  of  powder  or  dynamite.  The 
rocks  in  the  Jablonovoi  Mountains  are  full  of  water.  The 
subsoil  in  this  country  is  always  frozen,  and  the  cuttings, 
which  at  different  points  reach  to  a  depth  of  25  ft.  in 
ordinary  soil,  76  ft.  in  stone  and  116  ft.  in  rock,  will  be 
very  difficult. 

Along  the  banks  of  the  Ingoda  and  the  Shilka  at  several 
points  retaining  walls  will  be  required.  These  will  be  in 
dry  masonry,  and  the  total  estimated  quantity  is  716,000 
cub.  yds. 

The  bridges,  as  designed,  will  be  of  different  descrip- 
tions, as  follows  : 

1.  Arch  culverts  of  masonry  :  2  each  of  7  ft.  span. 

2.  Wooden  bridges  with  masonry  abutments  :  194  of  7 

ft.  span  and  14  of  14  ft.  span. 

3.  Small  wooden  bridges  :  713  in  number,  with  a  total 
length  of  4,991  ft. 

4.  Small  iron  bridges  :  7  of  20  ft.  span  ;  2  of  35  ft. 
span,  and  i  of  56  ft,  span. 

5.  Large  wooden  bridges  and  trestles  :  30  in  all,  as 
shown  in  the  following  table  : 


Number. 

Length. 

35  ft. 
4»  '* 

49" 
56" 
70" 

105  " 

:i26 " 
140 " 

2tO    " 
280    " 

455  " 
455  " 

700  " 

Remarks. 

I  bridge 

Clear  span 
•t 

1       "      

2  bridges 

6      "      

7       "      

,       " 

I  bridge 

Over  Mantoiirika  River. 

Nikitikha  and  Baruntala  Rivers, 

9       "       

Mongol  and  Kia  rivers. 

I  bridge .......... 

Talacha  Kiver. 

I    "    

Ouroulga  River. 

I    "    

Khodoun  River  approach. 
Brian,  Konda  and  Chita  rivers. 

3  bridges   . . , 

Total,  31  bridse* 

. ■  r  .,■■  ;v„ 

S.4.V  ft- 

Total  length. 

6.   Large    iron  bridges  with    masonry  abutments  :  9  in 
all.  as  shown  in  the  following  table  : 


Bridck. 

No,  of  Spans. 

Length  of  Spans.  Total  Lengtli 

I 
I 

X 

3 
I 
a 
I 
4 
^3 

70  ft. 
70  " 
70  " 
245  " 

280  " 
245  •' 

245  " 
210  " 

»45  " 

70  ft. 

70" 
70  •• 

490" 
280  " 
490" 
245  " 

840  " 
3,'85  " 

Kouenga  River 

Krouchina  River 

Ouda  River 

Khodoun  River 

Nercha  River ..,.   . 

Selenga  River 

Total,  9  bridges 

a6 

5,740  ft. 

The  total  number  of  bridges  and  culverts  is  thus  973,  or 
1.45  per  mile  ;  their  total  length,  18,204  ft.,  or  a  little  over 
27  ft.  to  the  mile. 

.    The  total  quantity  of  iron   required  for  these  bridges 
will  be  ^about  3,000  tons.j  Masonry  foundations  will  be 


put  in  by  sinking  wells  or  by  the  use  of  wooden  caissons 
of  the  American  type. 

The  most  conspicuous  structure  on  the  line  will  be  the 
Seleiiga  River  Bridge,  with  13  spans  of  245  ft.  each.  For 
the  pier  foundations  iron  or  wooden  caissons  will  be  used  ; 
in  the  former  case  the  cost  is  estimated  at  3,150,000 
roubles,  in  the  latter  at  2,900,000  roubles.  In  crossing 
this  river  a  steam  ferry  may  be  used  in  summer  and  a  line 
laid  on  the  ice  in  winter  ;  this  would  diminish  the  cost  by 
2,750,000  roubles,  but  traffic  would  be  interrupted  about 
three  months  every  year. 

The  total  length  of  sidings  will  be  7  per  cent,  of  that  of 
the  main  line,  or  about  47  miles  in  all.  On  the  mountain 
sections  the  rails  used  will  be  of  a  type  weighing  60  Rus- 
sian pounds  (54^  lbs.  English)  to  the  yard.  On  the  level 
sections  a  lighter  rail  will  be  used,  of  54  lbs.  Russian  (45 
lbs.  English)  to  the  yard.  There  will  be  2,416  ties  to  the 
mile,  and  2,300  cub   yards  of  ballast  to  the  mile. 

The  road  buildings  will  be  entirely  of  wood,  and  will  in- 
clude 163  section-houses  and  263  watchmen's  houses. 

From  Misovskaiaon  Lake  Baikal  to  Matakan  (Sretensk) 
there  will  be  24  stations,  four  of  the  second  class,  seven 
of  the  third  class,  and  13  of  the  fourth  class.  The  great- 
est distance  between  stations  is  35.67  miles.  The  intervals 
between  stations  are  divided  by  means  of  19  level  places, 
intended  for  fifth-class  stations  ;  the  greatest  distance  be- 
tween these  is  18.67  miles,  while  42  other  points  were 
also  selected,  which  when  filled  will  reduce  the  distance 
to  an  average  of  10  miles. 

In  the  beginning  sidings  will  be  put  in  only  at  the  regu- 
lar stations,  and  these  will  suffice  for  running  three  trains 
daily  each  way.  If  sidings  are  put  in  at  the  fifth-class 
stations  the  number  of  trains  can  be  increased  to  seven 
each  way. 

The  station  buildings  will  be  of  wood,  on  wooden  foun- 
dations and  with  wooden  roofs.  The  houses  for  the  officers 
and  employes  will  be  of  the  same  description.  Separate 
freight  stations  will  be  built  only  at  the  terminal  points 
and  at  Verkhne-Oudinsk. 

There  will  be  11  engine-houses  with  77  stalls,  which  will 
hold  two-thirds  of  the  whole  number  of  engines.  They 
will  be  of  wood,  with  wooden  foundations  and  roofs.  The 
least  distance  between  engine-houses  is  40  miles  ;  the 
greatest,  83  miles,  and  the  average,  66  miles.  On  the 
mountain  section  it  is  53  miles. 

The  repair  shops  are  designed  to  hold  29  locomotives  and 
40  cars.  The  blacksmith  shop  and  foundry  will  be  of 
masonry  with  iron  roofs  ;  the  other  buildings  entirely  of 
wood. 

The  arrangements  for  water  supply  will  be  difficult  on 
account  of  the  frozen  state  of  the  ground.  Water  is  every- 
where, and  can  be  obtained  from  rivers,  lakes  or  abun- 
dant springs,  and  the  height  of  rise  is  seldom  more  than  70 
ft.;  but  the  construction  of  aqueducts  or  laying  of  cast-iron 
pipes  is  very  difficult,  because  at  a  certain  depth  the  soil 
is  always  frozen.  This  depth  is  about  25  ft.;  in  summer 
the  upper  layer,  or  surface  soil,  thaws  out  to  a  depth  of 
from  2  ft.  to  10  ft.  Under  these  circumstances  the  pipes 
must  be  placed  very  deep,  or  must  be  covered  in  heated 

galleries  ;  otherwise  they  must  be  abandoned,  and  water 
pumped  from  deep  wells  in  the  same  building  with  the 
tank  or  reservoir. 

The  plans  include  43  water-stations:  11  with  pipes 
placed  in  heated  galleries,  11  with  wells,  and  21  small 
stations  with  temporary  supply  pumped  up  by  pulso- 
meters.  The  standard  tanks  hold  1,372  cub.  ft.;  two  will 
be  placed  at  each  engine-house. 

Rolling  stock  will  be  provided  at  first  for  one  mixed  and 
two  freight  trains  daily  in  each  direction.  This  will  re- 
quire 115  locomotives,  57  passenger  cars  and  1,140  freight 
cars. 

The  cost  of  the  line,  669  miles  in  length,  and  without 
the  Selenga  Bridge,  is  estimated  at  55,000.000  roubles, 
or  82,200  roubles  (a  little  over  !(;4o,ooo)  per  mile. 

There  is  no  lack  of  materials  for  railroad  construction 
in  the  Trans-Baikal.  Timber  is  everywhere  abundant, 
incliding  cedar,  fir,  pine,  hemlock  and  larch  ;  of  these  the 
pine  and  hemlock  are  best  for  construction.  Stone  is  also 
abundant  everywhere,  and  of  excellent  qualities  ;  there 
are  found  on  the  line  granite,  diorite,  sandstone,  lime- 
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stone,  marble,  quartz,  schist  and  pudding-stone,  or  con- 
glomerate. Clay,  gravel  and  sand  for  ballast  are  found  in 
many  places.  Iron  for  the  iron  bridges  and  the  rails  must 
be  brought  from  Russia  by  way  of  Nicolaevsk,  the  Amour 
and  the  Shilka.  Cement  must  also  be  brought  from  Rus- 
sia ;  but  as  some  13,000  tons  will  be  required,  and  as  the 
materials  can  be  obtained  on  the  line,  the  construction  of 
cement  works  would  be  economy. 

While  the  population  of  the  Trans-Baikal  is  not  large, 
laborers  can  be  obtained  for  the  building  of  the  road  ;  but 
it  will  be  necessary  to  bring  from  Russia  good  foremen, 
and  probably  all  the  skilled  workmen,  carpenters  and 
masons,  since  very  few  of  the  former  and  none  of  the  lat- 
ter are  to  be  found  there  at  present. 

Masonry  can  be  laid  in  the  open  air  only  for  three 
months  of  the  year— June,  July  and  August.  Much  of 
this  work  will  have  to  be  done  during  the  winter,  in 
heated  sheds. 

The  climate  of  the  Trans-Baikal  is  continental.  The 
variations  in  daily  temperature  are  sometimes  as  much  as 
30"  Cent.  (54°  Fahr,).  The  air  is  dry  and  the  rain-fall 
small,  not  over  300  mm.  (11. 8  in.)  yearly.  Snow  falls  very 
seldom,  and  scarcely  covers  the  soil.  From  Verkhne- 
Oudinsk  eastward  sleighing  on  the  roads  is  rare,  and 
sledges  are  used  only  on  the  rivers,  following  the  ice. 
There  are  only  three  months  of  the  year  in  Verkhne- 
Oudinsk  when  the  daily  minimum  temperature  is  not  above 
the  freezing  point.  For  three  years  past  the  maximum 
temperature  noted  is  37.2°  Cent.  (98°  Fahr.)  ;  the  mini- 
mum,— 46.6°  Cent.  ( — 5 1. 9°  Fahr.),  In  a  word,  the  climate 
is  that  of  an  elevated  plateau,  open  to  the  winds  from  the 
north,  and  remote  from  the  tempering  influences  of  the  sea. 
(to  be  continued.) 


THE  LONDON  ELECTRICAL  RAILROAD. 


The  City  &  South  London  Railroad,  just  opened  in 
London,  is  remarkable  from  the  fact  that  it  is  the  first  con- 
siderable line  in  England  worked  by  electricity,  and  also 
because  it  is  placed  at  a  much  greater  depth  below  the 
surface  than  the  other  underground  lines  in  that  city.  It 
is  about  three  miles  in  length,  extending  from  the  heart  of 
the  city  southward. 

In  the  accompanying  illustrations  fig.  i  shows  the  shield 
used  in  boring  the  tunnel — which  is  somewhat  similar  to 
that  used  in  the  Hudson  River  Tunnel — on  the  Greathead 
plan  ;  fig.  2  shows  the  interior  of  a  car ;  fig.  3  is  an  in- 
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tenor  View  Of  one  of  ihe  stations;  hg.  4  is  an  elevation, 
ana  hg  5  a  section  of  one  of  the  locomotives  :  figs.  6.  7 
and  8  show  three  of  the  stations,  which  are  of  peculiar 
anu  striking  design.  All  the  stations  have  hydraulic  ele- 
Th°  H  •''^"^  passengers  to  and  from  the  platforms. 
1  he  description  is  from  the  London  Electrician. 
WillsL'^it  ""?  '-^  of  the  subway  type,  passing  from  King 
we  l%t  ^T'  '  K  '^'l^'^y'  ""^"  "-^^  Thames,  to  Stock- 
Zn^H  K„  J'"^^\''^^".''''"^^''"^^^^  on  a  "method   de- 

tunnels  10  ft.  in  diameter,  driven  throughout  the  London 


clay,  and  about  60  ft.  below  the  surface.  The  method  of 
working  resembles  the  sinking  of  a  caisson.  A  steel  shield 
was  forced  forward  while  material  was  excavated.  When 
a  sufficient  advance  had  been  made,  a  ring  of  cast-iron 
plates  was  built  up,  and  a  lime  grout  was  forced  into  the 
space  left  by  the  sides  of  the  shield  between  the  lining 
plates  and  the  soil.  A  speed  of  16  ft.  per  day  was  attained, 
and  since  the  tunnels  were  commenced  several  other  im- 


portant works  have  been  constructed,  or  are  in  progress, 
on  the  same  plan.  Near  the  Stockwell  terminus  an  old 
watercourse,  consisting  of  gravel,  with  a  considerable 
quantity  of  water,  was  encountered.  The  air-lock  princi- 
ple, for  which  this  system  is  excellently  adapted,  was  cm- 
ployed,  and  after  some  delay  in  providing  the  necessary 
machinery,  which  it  was  hoped  might  have  been  unneces- 
sary, the  tunnels  were  satisfactorily  completed.  It  was 
originally  intended  to  work  the  railroad  by  cable,  but  ten- 
ders were  invited  for  running  it  by  electricity,  and  event- 
ually plans  were  submitted  to  the  Company  by  Messrs. 
Mather  &  Piatt,  and  the  Company  accepted  this  firm's 


scheme,  which  is  based  upon  the  experience  obtained  by 
Dr.  Edward  Hopkinson  in  the  construction  of  the  Bess- 
brook-Newry  Electrical  Railroad.  The  contractors  em- 
ployed Messrs.  John  Fowler  &  Company,  of  Leeds,  to  sup- 
ply the  boilers  and  engines,  and  Messrs.  Beyer,  Peacock 
&  Company  to  construct  the  framework  of  the  electrical 
locomotives.  All  the  electrical  plant  has  been  carried  out 
under  the  special  superintendence  of  Dr.  Edward  Hopkin- 
son. Dr.  John  Hopkinson  has  acted  throughout  as  Con- 
sulting Engineer,  and  Mr.  G.  A.  Grlndle  as  Resident  En- 
gineer. 
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The  .whole  of  the  generating  plant  is  situated  at  Stock- 
well,  the  suburban  lerminus  of  the  line.  It  consists  of 
three  large  Edison-Hopkinson  dynamos,  each  worked  in- 
dependently by  a  vertical  compound  Fowler  engine.  The 
engmes  work  at  a  steam  pressure  of  140  lbs.  per  square 
inch,  and  have  been  built  of  exceptionally  massive  propor- 
tions. They  run  at  100  revolutions,  giving  a  piston  speed 
of  450  ft.  per  minute.  They  are  fitted  with  automatic  ex- 
pansion gear  of  improved  type  on  both  the  high-pressure 


and  the  low-pressure  cylinders,  and  are  controlled  by  a 
poweilul  governor  having  a  capacity  of  750  foot-pounds, 
which  is  driven  direct  from  the  crank-shaft  by  cotton 
ropes.  The  automatic  gear  is  so  arranged  as  to  cut  off 
the  steam,  if  necessary,  in  both  cylinders  from  dead  cut- 
off to  three-quarters  stroke.  The  engines  have  high- 
pressure  cylinders  17  in.  in  diameter  and  low-pressure 
cylinders  27  in.,  the  stroke  being  27  in.;  they  indicate  up 
to  375  H.  P.  each.  The  pistons  are  fitted  with  Mather 
&  Piatt's  rings  and  springs,  and  the  valves  are  specially 
arranged  with  multiple  parts  which  reduces  their  move- 
ment considerably  and  still  allows  a  very  prompt  action  ; 
as  the  ports  are  as  close  as  possible  to  the  end  of  each 
cylinder,  the  loss  of  pressure  by  wire  drawing  is  very 
small.  Large  and  slow-speed  engines  were  selected  on 
account  of  the  very  irregular  nature  of  the  work,  it  being 
considered  that  the  high-speed  engines  which  are  so 
largely  and  economically  used  tor  electric  lighting  could 
not  so  well  cope  with  the  sudden  variations  of  load  as  the 
type  which  has  been  selected.  The  fly  wheels  are  14  ft. 
diameter  and  28  in.  face,  and  dfive  the  dynamos  direct  by 
means  of  leather  chain  belts  26  in.  wide. 

It  is  a  pity  that  the  engine-room  does  not  permit  of  a 
greater  distance  than  24  ft.  between  the  centers  ofHhe  en- 


gines and  that  of  ihe  dvnamos,  since  jockey  pulleys  are 
rendered  necessary.  These  ate  all  very  well  as  an  expe- 
dient, but  are  not  often  to  be  met  with  in  an  important  sta- 
tion of  this  kind.  The  engines  are  supplied  with  "steam 
from  six  Lancashire  boilers  7  ft.  diameter  by  28  ft.  long, 
which  are  fitted  with  Vicar's  mechanical  stokers. 

Livet's   boiler  setting  is  used,  which  provides  flues  of  a 
varying  area,  and  which,  in  conjunction  with  the  mechan- 


ical stoker,  is  said  to  effect  a  saving  of  fuel,  and  certainly 
succeeded  on  the  occasion  of  our  visits  to  the  depot  in  pre- 
venting smoke.  Two  large  feed-water  heaters  are  also 
supplied  with  brass  tubes  of  ample  surface  for  receiving 
the  whole  of  the  exhaust  steam  from  the  engine  without 
back  pressure. 

The  202-kilowatt  dynamos  are  fitted  with  all  the  latest 
improvements  ;  the  weight  of  the  armature  alone,  which 
is  drum  wound  with  spiral  ends,  being  about  two  tons,  the 
weight  of  the  entire  machine  being  something  over  17  tons. 
Each  machine  is  capable  of  generating  450  volts  and  450 
amperes.  There  are  three  brushes  on  each  rocking  arm, 
each  separately  adjustable  with  a  forward  thrust  and 
hold-off  catch.  The  magnet  limbs  are  exceedingly  mas- 
sive, each  limb  with  its  pole  piece  being  over  four  tons, 
and  the  yoke  of  the  machine  weighs  about  three  tons.  The 
machines  can  be  run  either  as  shunt  or  compound  as  re- 
quired. The  total  weight  of  copper  wire  on  the  mag- 
net of  each  machine  is  nearly  3,300  lbs.  The  present 
machines  have  an  electrical  efficiency  of  slightly  over 
96  per  cent.,  and  the  commercial  efficiency  of  the  engine 
and  dynamo  —i.e.,  ratio  of  the  electric  power  available  out- 
side the  dynamo  to  the  indicated  H.  P.  of  the  engine, 
is  over  75  per  cent.  Two  dynamos  are  capable  of  working 
the  trains  on  the  line  at  any  time. 

The  current  is  conveyed  from  the  dynamos  to  a  general 
distributing  and  testing  switch-board,  fixed  in  a  recess  of 
the  engine-house.  From  this  board,  which  resembles  in 
some  respects  the  Westinghouse  switch-board,  which  is 
very  well  known,  the  main  circuits  are  taken  to  various 
parts  of  the  line,  and  the  current  passing  through  each  cir- 


cuit is  measured,  suitable  arrangements  being  provided  for 
switching  over  from  one  circuit  to  another.  The  main 
cables  have  been  manufactured  by  the  Fowler-Waring 
Company,  and  consist  of  a  copper  core  of  H  B.  W.  G., 
insulated  with  Fowler- Waring  insulating  material  and 
then  lead-sheathed. 

The  working  conductor  is  of  channel  steel  carried  on 
glass  insulators,  the  joints  being  fished,  and  also  con- 
nected with  copper  strips.  The  steel  employed  is  of  very 
high  conductivity,  and  has  been  rolled  specially  for  the 
purpose  by  the  Shelton  Iron  &  Steel  Company,  of  Stoke- 
on-'Trent. '  The  working  conductor  is  divided  into  sections 
for  convenience  of  testing  and  carrying  out  repairs  on  the 
permanent  way.  The  insulation  obtained  is  thought  by 
the  contractors  to  be  extraordinarily  high.  When  the  full 
pressure  of  500  volts  is  on  the  complete  system  of  working 
and  feeding  conductors,  the  leakage  current  does  not  ex- 
ceed one  ampere,  so  that  the  total  loss  by  leakage  is  less 
than  I  H.  P. ;  this  is  a  small  fraction  of  i  per  cent,  of  the 
total  power  requir^-d  for  working  the  line  to  its  full  capac- 
ity. The  current  is  collected  from  the  working  conductor 
by  sliding  shoes  of  iron  or  steel  arranged  in  a  very  similar 
way  to  that  employed  on  the  Bessbrook  line. 

Fourteen  electric  locomotives  have  been  supplied  by 
Messrs.  Mather  &  Piatt  for  working  the  line,  each  capable 
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of  developing  loo  effective  H.  P.,  and  of  running  at  about 
25  miles  per  hour.  The  locomotives  are  constructed 
so  that  the  shafts  of  the  armatures  are  the  axles  of  the  loco- 
motives. The  driving  wheels  run  at  about  240  revolutions 
per  minute  when  the  locomotive  is  travelling  at  20  miles 
per  hour.     The  locomotives  have  a  fixed  wheel-base,  and 


a  motor  is  fitted  to  each  axle,  the  axles  not  being  coupled, 
but  working  independently.  The  current  is  conveyed  from 
the  collecting  shoes  through  an  ammeter  to  a  regulating 
switch,  then  to  a  reversing  switch,  thence  to  the  magnets 
and  back  through  the  frame-work  of  the  locomotive  to  the 
rails.  The  locomotives  are  fitted  with  Westinghouse  auto- 
matic air  brakes,  and  also  a  screw  hand-brake,  and  they 


and  the  carriages  are  lighted  from  the  working  conductor 
by  lamps  m  series.  The  compressed  air  for  the  brakes  is 
stored  m  two  cylinders.  12  in.  in  diameter,  and  the  capac- 
ity IS  sufficient  for  three  times  as  many  stoppages  as  are 
ikely  to  occur  in  any  double  journey.  The  trains,  when 
loaded,  wdl  weight  30  tons,  and  it  is  intended  that  10 
trams  shall  be  worked  on  the  line  at  one  time. 


FLYING  MACHINES. 


Mr.  Hiram  S.  Maxim,  in  a  letter  published  recently 
in  the  New  York  Times,  writes  as  follows  : 

I  would  say  that  I  have  been  studying  this  question  about 
Irfnf''"^  principally  in  the  direction  of  finding  some  pow- 
ertul  and  light  motor,  but  during  the  last  two  years  I  have 
been  employing  myself  largely  evenings  to  working  out  the 


mathematical  part  of  the  problem.  I  have  obtained  all 
the  data  in  German,  French  and  English.  I  have  also  ex-" 
amined  the  experimental  apparatus  in  France,  bufam 
sorry  to  say  thai  all  the  data  and  information  so  far  ob- 
tained are  of  very  htile  value.  A  smgle  letter  written  by 
Professor  Richard  A.  Proctor,  and  which  was  published  in 
a  Boston  newspaper,  furnished  more  real  information  than 
tons  of  the  work  which  has  been  published  in  Europe. 
Some  25  years  ago  a  society  was  formed  in  England  styled 
the  Aeronautical  Society  of  Great  Britain.  The  patrons 
of  this  society  were  the  Duke  ot  Argyll  and  the  Duke  of 
Sutherland,  and  the  socieiy  also  numbers  among  its  mem- 
bers many  other  noblemen  and  engineers  of  high  repute. 
I  believe  there  are  igditterent  volumes  in  existence  which 
give  an  account  of  all  their  procedures  and  experiments, 
but  during  all  these  years  \ery  little  practical  work  has 
been  done. 

1  would  say  that  among  the  large  numbers  of  societies 
to  which  1  belong  in  England  the  Aeronautical  Society  is 
one,  and  need  1  say  that  1  am  the  most  active  member  ? 
At  the  present  moment  experiments  are  being  conducted 
by  me  at  Baldwin's  Park,  Bexley,  Kent,  England,  with  a 
view  of  finding  out  exactly  what  the  supporting  power  of 
a  plane  is  when  driven  through  the  air  at  a  slight  angle 
from  the  horizontal.  For  this  purpose  1  constructed  a  very 
elaborate  apparatus,  provided  with  a  great  number  of  in- 
struments, and  arranged  in  such  a  manner  that  1  can  as- 
certain accurately  the  efficiency  of  a  screw  working  in  air, 
the  amount  of  power  required  to  drive  a  screw,  the  amount 
of  push  developed  by  a  screw,  the  amount  of  slip,  and  also 
the  power  required  for  propelling  planes  through  the  aii 
placed  at  different  angles,  as  well  as  to  ascertain  the  fric- 
tion and  aU  other  phenomena  connected  with  the  subject. 
I  have  been  experimenting  with  motors,  and  have  suc- 
ceeded in  making  them  so  that  they  will  develop  one 
horse -power  for  every  6  lbs.  My  experiments  show 
that  as  much  as  133  lbs.  may  be  sustained  in  the  air  by 
the  expenditure  of  one  horse-power  ;  of  course,  it  is  pre- 
mature now  to  express  any  opinion  ;  still,  if  1  am  not  very 
much  mistaken,  and  if  some  new  phenomenon  which  I  do 
not  understand  does  not  prevent  it,  I  think  I  stand  a  fair 
J  chance  of  solving  the  problem,  and  1  think  I  can  assert  that 
^within  a  very  few  years  some  one— if  not  myself,  some- 
body else — will  have  made  a  machine  which  can  be  guided 
through  the  air,  will  travel  with  considerable  velocity,  and 
will  be  sufficiently  under  control  to  be  used  for  military 
purposes.  1  have  found  in  my  experiments  that  it  is  nec- 
essary to  have  a  speed  of  at  least  30  miles  per  hour — that 
50  miles  is  stili  more  favorable,  and  that  100  miles  would 
seem  to  be  attainable.  Everything  seems  to  be  in  favor 
of  high  speed.  Whether  1  succeed  or  not,  the  results  of 
my  experiments  will  be  published,  and  as  1  am  the  only 
man  who  has  ever  tried  the  experiments  in  a  thorough 
manner  with  delicate  and  accurate  apparatus,  the  data 
which  I  shall  be  able  to  furnish  wdl  be  of  much  greater 
value  to  experimenters  hereafter  than  all  that  has  ever 
been  published  before. 

In  order  to  conduct  these  experiments  I  rented  a  large 
park— in  fact,  an  old  manor — and  erected  a  wooden  shed 
of  large  dimensions.  I  provided  myself  with  every  requi- 
site and  employed  two  eminent  American  mechanics  to 
assist  me— Mr.  Henry  A.  House  and  Mr.  Henry  A. 
House,  Jr..  both  of  Bridgeport,  Conn.  These  gentlemen 
have  already  been  working  with  me  more  than  a  year,  and 
both  seem  very,  confident  of  our  ultimate  success. 

I  appreciate  fully  the  presumption  on  my  own  part  of 
attempting  to  solve  this  problem,  considering  that  all 
mankind  have  failed  up  to  this  time.  Nevertheless,  it  is  a 
fact  that  we  do  see  in  nature  machines  which  do  fly,  some 
birds  weighing  nearly  50  lbs.  each  :  even  a  common  goose 
can  fly  without  any  considerable  effort.  It  is  true  that  no 
one  has  ever  taken  hold  of  the  question  in  the  same  way 
and  with  the  same  appliances  that  I  have.  Most  of  the 
experiments  have  been  confined  to  small  machines  weigh- 
ing only  a  few  ounces  and  having  for  a  motor  a  twisted 
rubber  string  or  spiral  spring.  If  an  experimenter  has 
had  the  necessary  intelligence  and  mathematical  knowN 
edge,  he  has  not  had  the  necessary  room  or  money  to  con- 
duct his  experiments,  and  the  results  so  far  have  been  nil. 
but  I  feel  satisfied  that  if  such  men  as  Mr.  Westinghouse, 
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Mr.  Charles  Brush,  and  Mr.  Edison  should  seriously  and 
earnestly  attempt  to  solve  the  question  they  would  succeed 
in  making  some  sort  of  machine  that  would  Hy,  but  they 
would  have  to  do  as  I  have  done — obtain  a  place  where 
there  would  be  plenty  of  room,  provide  themselves  with 
the  very  best  of  mechanics,  and  spend  about  $50,000.  I 
would  say  that  the  two  motors  which  1  have  made,  and 
which  weigh  600  lbs.,  cost  their  weight  in  silver,  while  an 
engine  of  very  much  less  power,  made  by  a  French  experi- 
menter, cost  more  than  three  times  its  weight  in  silver. 


THE  FASTEST  CRUISER. 


It  is  hardly  safe  to  speak  now  of  the  "  fastest  cruiser," 
when  each  new  one  seems  to  excel  its  immediate  predeces- 
sor.    The  new  ship,  2^  de  Maio,  built  for  the  Argentine 


of  vessel,  but  of  unusual  strength,  being  4^  in.  thick  on 
the  sloping  sides  and  if  in.  thick  on  the  horizontal  per. 
tions.  Above  this  deck  is  constructed  a  deep  raft  body 
divided  into  numerous  watertight  compartments,  which 
may,  if  desired,  be  filled  with  cork  or  other  water-excluding 
material,  thus  insuring  buoyancy  to  the  ship  even  if  riddled 
in  action. 

The  vessel  is  armed  largely  with  the  formidable  rapid- 
firing  guns-  recently  introduced  by  the  Elswick  firm, 
arranged  to  have  the  largest  effective  arc  of  training. 
On  the  forecastle,  firing  right  ahead  and  to  45°  abaft  the 
beam  on  each  side,  is  a  21-cm.  (8.27-in.)  breech-loading 
gun.  A  similar  gun  is  mounted  on  the  poop  firing  right 
astern,  and  with  an  arc  of  training  equal  to  that  of  the 
forecastle  gun.  On  the  upper  deck  in  sponsons  along  the 
sides  are  arranged  eight  12-cm.  (4.72-in.)  rapid-firing 
guns,  the  foremost  pair  being  capable  of  firing  right  ahead 
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Republic  by  Armstrong  &  Company  at  their  works  at 
Elswick,  England,  seems  for  the  present  to  hold  the  record 
for  speed.  This  vessel  is  shown  in  the  accompanying 
illustration — for  which  and  the  description  we  are  indebted 
to  the  London  Em^ineer — which  was  drawn  from  an  in- 
stantaneous photograph  taken  when  the  ship  was  running 
at  the  rate  of  2\\  knots  an  hour. 

j  The  steam  trials  of  the  J'j  de  Mai'o,  which  have  just  been 
completed,  mark  a  distinct  step  in  the  speed  attained  by 
fast  cruisers.  This  vessel,  which  is  of  the  twin-screw  pro- 
tected cruiser  type,  has  been  constructed  by  Sir  W.  G. 
Armstrong.  Mitchell  &  Company  for  the  Argentine  Govern- 
ment, which  may  well  be  congratulated  on  the  acquisition 
of  such  a  splendid  specimen  of  naval  engineering.  She  is 
somewhat  larger  than  the  Piemonte,  which  was  built  by 
the  Elswick  firm  for  the  Italian  Government,  and  which, 
as  our  readers  will  remember,  on  her  completion  about  18 
months  ago,  herself  broke  the  speed  record.  The  dimen- 
sions of  the  2^ dc  Maio  areas  follows:  Length  between 
perpendiculars,  325  ft.;  breadth,  43  ft.;  mean  draft,  16 
ft  :  displacement,  3,200  tons. 

The  machinery  and  vital  parts  of  the  ship  are  protected 
by  a  strong  steel  deck  extending  throughout  the  whole 
length  of  the  ship,  such  as  is  usually  adopted  in  this  class 


to  45°  abaft  the  beam,  the  two  aftermost  having  a  corre- 
sponding stern  fire,  and  the  four  midship  guns  an  arc  of 
training  of  120°  broadside  fire. 

The  minor  armament  has  also  been  well  considered, 
and  consists  of  twelve  3-pounder  rapid-firing  guns  and 
twelve  i-pounder  rapid-firing  guns,  distributed  in  the  most 
effective  manner,  six  of  the  i-pounders  being  mounted  in 
military  tops  on  the  two  masts. 

The  modern  locomotive  torpedo  has  not  been  overlooked, 
for  the  vessel  is  provided  with  three  i8-in.  torpedo  guns, 
two  of  them  training  on  the  broadside  and  one  fixed  in  the 
bow.  The  machinery  was  constructed  by  Messrs. 
Humphrys,  Tennant  &  Company,  of  London,  and  consists 
of  two  sets  of  four-cylinder  triple-expansion  engines  and 
four  double-ended  boilers,  each  set  of  engines  and  each 
pair  of  boilers  being  placed  in  separate  compartments. 

The  steam  trials,  which  have  ]ust  taken  place  on  the 
Admiralty  measured  mile  off  the  mouth  of  the  Tyne,  were 
attended  by  a  Commission  of  Argentine  Officers,  including 
Captain  Spurr,  Captain  Garcia.  Captain  Ramirez — com- 
mander of  the  vessel — and  Colonel  Warren  on  behalf  of  the 
Argentine  Government  ;  Mr.  P.  Watts,  designer  of  the 
vessel,  on  behalf  of  the  Elswick  firm  ;  and  Mr.  Robert 
Humphrys  representing  the  constructors  of  the  machinery. 


Vol.  LXV,  No.  I.] 


ENGINEERING    JOURNAL. 


3t 


At  the  official  trials  a  run  of  six  hours'  duration  was  made 
with  natural  draft,  in  accordance  with  Admiralty  condi- 
tions ;  and,  while  this  trial  proceeded,  a  number  of  runs 
with  and  against  the  tide  were  made  on  the  Admiralty 
measured  mile,  the  results  of  which  demonstrated  that  a 
speed  of  21.237  knots  per  hour  had  been  maintained  dur- 
ing the  whole  six  hours'  run.  During  this  trial  the  mean 
power  developed  was  8,700  indicated  H.  P.  At  the  forced 
draft  trial,  which  was  made  at  the  close  of  the  day,  when 
the  fires  were  in  bad  condition  and  the  stokers  tired,  the 
mean  speed  attained  was  22.43  knots  per  hour,  and  the 
mean  power  13,800  indicated-horses.  Throughout  the  day 
the  engines  worked  in  a  most  satisfactory  manner,  with- 
out a  hitch  of  any  kind,  and  the  Argentine  Commission 
were  highly  delighted  with  the  performance  of  the  ship. 

The  vessel  carries  300  tons  as  her  normal  supply  of 
coals,  but  bunker  capacity  is  provided  for  600  tons,  VVith 
the  full  supply  of  coal  siie  could  steam  about  2,000  knots 
at  full  speed,  natural  draft  ;  while,  at  the  most  economi- 
cal speed,  she  could  steam  from  9,000  to  10,000  knots. 


THE  SUBMARINE  MINE  AND  TORPEDO  IN 
HARBOR  DEFENSE. 


By  First  Lieutenant  Joseph  M.  Califf,  Third  U.  S. 

Artillery. 
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IV.— GENERAL   CONSIDERATIONS. 

Unquestionably  the  submarine  mine  has,  in  the  eyes 
of  the  military  layman,  if  one  may  use  the  term,  an  ex- 
aggerated and  fictitious  value.  While  the  view  that  it  will 
practically  replace  all  other  means  of  coast  defense  is  no 
longer  held  by  the  most  sanguine,  still  even  among  military 
men  it  is  believed  to  be  given  too  prominent  a  place  in  the 
problem  of  sea-coast  defense.  Such  a  misunderstanding 
as  to  their  true  value  would  be  of  little  importance,  as  a 
matter  of  popular  belief,  except  as  it  might  have  an  influ- 
ence upon  national  legislation  and  be  felt  in  the  question 
of  appropriations.  But  an  erroneous  opinion  among  pro- 
fessional military  men— artillerists  and  engineers — into 
whose  hands  are  confided  the  defense  of  port  and  harbor, 
means  an  entirely  different  thing.  If  in  placing  too  much 
reliance  upon  the  mine,  at  the  expense  of  the  battery  and 
gun.  we  are  leaning  upon  a  broken  reed,  such  misplaced 
confidence  can  only  lead  to  the  most  deplorable  results  if 
we  are  ever  called  upon  to  face  a  powerful  maritime  foe. 

There  is  by  no  means  a  unanimity  of  view  among  these 
two  classes  of  military  men  as  to  the  extent  and  conditions 
under  which  mines  should  be  used,  or  the  ultimate  reliance 
to  be  placed  upon  them  when  employed.  In  any  case  they 
can  only  become  one  of  the  factors  in  the  problem  of  de- 
fense, and  their  employment  must  be  brought  into  har- 
monious relations  to  the  general  plan. 

To  properly  plan  and  carry  out  a  system  of  submarine 
mines  for  the  defense  of  a  harbor  or  water-way  is  a  prob- 
eni  that  demands  the  intelligent  co-operation  of  the  artil- 
lerist and  the  military  engineer.  The  conditions  to  be 
satished  pertain  not  only  to  matters  that  belong  properly 
to  the  domain  of  the  engineer— the  character  of  the  channel 
to  be  guarded,  its  depth,  width,  and  nature  of  its  bottom, 
the  swiftness  of  its  current  and  the  rise  and  fall  of  its 
iides-but  also  to  the  configuration  of  the  land,  the  location 
and  strength  of  the  shore  batteries,  their  range,  the  vol- 
ume, and  maximum  field  of  their  fire. 

The  first  question  to  be  decided  is  the  extent  to  which 
mining  shall  be  resorted  to  in  closing  a  water-way— that 
min  ","r"l-  ■■'.  ^''^'  ^"^  distribution  of  the  individual 
^f  t^'  fi  .  channel  be  narrow  and  the  artillery  defense 
defenL  .K  ""i  fu'  '"^  attention  would  be  given  to  mine 
in  minH  1  '^  *u^  contrary  conditions  prevailed,  having 
ec?^H  .uV^^^'  '^*  importance  of  the  position  to  be  pro- 
or  for  fh  1  '  ^-  ^  P°;"^  °^  vantage  for  military  operations. 
or  for  the  levying  of  contributions  or  the  destruction  of 


property.  It  may  be  taken  for  granted  that,  wkh  few  ex- 
ceptions, the  importance  of  a  seaport,  either  from  a  mili- 
tary or  commercial  point  of  view,  will  vary  directly  with 
the  draft  of  water  and  consequently  with  the  tonnage  of 
the  shipping  that  can  be  carried  to  its  wharves. 

If  the  channel  be  narrow  and  deep  the  solution  becomes 
comparatively  simple.  The  mines,  however  few  in  number, 
should  be  distributed  upon  more  than  one  line  to  guard 
against  the  opening  of  a  passage  by  the  destruction  of  a 
single  charge.  In  any  case,  the  general  rule  will  hold  that 
whether  the  mines  be  arranged  singly  or  in  groups,  the 
individual  mines  shall  be  so  placed  that  it  will  be  impossi- 
ble for  a  vessel  to  pass  without  coming  within  the  destruc- 
tive area  of  one  or  more  of  them  ;  guarding  always  against 
the  possibility  of  a  premature  explosion  of  any  one  of  a 
system  by  the  shock  of  explosion  of  an  adjacent  mine. 

Whether  the  mines  shall  be  buoyant  or  ground  will  de- 
pend both  upon  the  depth  of  water  and  the  character  of 
the  bottom.  In  water  of  moderate  depth  and  a  bottom  not 
too  soft  a  ground  mine  is  to  be  preferred,  since  it  serves 
as  its  own  anchor,  cannot  get  adrift,  is  not  easily  exploded 
by  an  adjacent  charge,  and  is  more  difficult  for  an  enemy 
to  destroy  or  neutralize.  A  buoyant  mine,  on  the  other 
hand,  requires  a  large  excess  of  buoyancy,  so  that  it  will 
remain  as  nearly  stationary  as  possible  over  its  mooring,  to 
secure  which  a  case  must  be  provided  much  larger  than 
will  hold  the  required  charge.  This  buoyancy  must  be 
increased  with  the  swiftness  of  the  current,  so  that  in 
strong  tideways  a  buoyant  mine  is  a  difficult  thing  to  man- 
age. There  is  also  always  a  possibility  of  their  breaking 
from  their  moorings  and  going  adrift,  and  thus  become  a 
menace  to  friend  quite  as  much  as  to  foe. 

A  depth  of  water  of  more  than  35  or  40  ft.  will  preclude 
the  use  of  ground  mines,  and  except  in  shallow  water  a 
buoyant  mine  would  be  anchored  so  as  to  swing  from  10 
to  40  ft.  below  ordinary  high-water  mark  ;  the  distance 
depending,  of  course,  upon  the  depth  of  the  channel,  the 
rise  and  fall  of  the  tide,  the  size  of  the  mine,  and  the  class 
of  vessel  against  which  it  is  likely  to  be  used.  A  first-class 
iron-clad  will  draw  from  25  to  30  ft-^  of  water,  while  the 
smallest  war-ship  likely  to  be  sent  across  seajor  offensive 
operations  would  probably  range  in  draft  as*  low  as  10  or 
12  ft.  The  English  ^,?«/;<7Z£/ has  a  draft  of  over  28  ft.  Some 
of  the  earlier  built  English  armored  gunboats  draw  less  than 
12  ft.,  and  their  torpedo  vessels  of  the  Rattlesnake  and 
Sharpshooter  type  less  than  9  ft.  The  heaviest  of  the 
French  armored  fleet  have  a  draft  of  nearly  30  ft.,  while 
the  Italian  Lepanto  and  her  sister  ship,  the  Italia,  require 
31.2  ft.  to  float  them.  Generally  speaking,  a  harbor  pro- 
vided with  a  good  artillery  defense  v^ould  not  require  the 
assistance  of  a  system  of  mines  against  vessels  drawing 
less  than  18  or  20  ft.  of  water. 

Next  to  the  arrangement  of  the  system  comes  the  ques- 
tion of  material,  and  of  the  cases  in  which  the  explosive  is 
to  be  placed.  These  latter  must  have  sufficient  strength 
to  resist  the  pressure  of  the  water  and  to  stand  rough  hand- 
ling ;  they  must  be  absolutely  water-tight,  although  the 
latter  is  of  less  importance  if  the  explosive  be  gun-cotton 
or  dynamite  than  if  of  gunpowder,  except  as  leakage  in- 
terferes with  buoyancy  ;  if  for  a  buoyant  mine,  the  case  to 
be  of  as  light  material  as  the  other  conditions  will  admi^ 
of.  In  a  gunpowder  mine  the  case  should  be  relatively 
stronger  than  in  one  containing  a  high  explosive,  in  order 
to  hold  the  charge  together  for  an  instant  after  ignition,  so 
as  to  obtain  its  maximum  explosive  effect. 

The  shape  of  the  mine  case  is  not  a  matter  of  vital  im- 
portance. For  contact  mines  the  conical  or  cylindrical 
form  is  that  usually  adopted.  For  ground  mines  the  Eng- 
lish employ  hemispherical  or  dome-shaped  cases  of  cast 
iron,  the  flat  side  resting  upon  the  bottom  forming  its  own 
anchor.  For  their  buoyant  mines  they  use  two  or  three 
different  patterns  of  spherical  cases,  made  up  of  two  flanged 
hemispheres  of  steel,  wroufrht  iron  or  malleable  cast  iron, 
bolted  together  at  the  flanges,  and  packed  at  the  joint  with 
rubber  or  other  like  material,  or  riveted  to  a  narrow 
metal  plate  on  the  inside.  This  shape  is  now  recog- 
nized as  the  best  for  a  buoyant  mine.  In  their  earlier 
system  they  used  an  inner  case  of  thin  wrought-iron  plate, 
and  to  protect  this  case  and  provide  the  necessary  buoy- 
ancy, enclosed  it  in  a  wooden  jacket  of  considerable  thick- 
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ness.  It  has  been  found  from  experiment  that  the  enclos- 
ing of  the  mine  case  in  wood,  cork,  or  other  elastic  ma- 
terial results  in  a  considerable  loss  of  power. 

In  our  own  service  buoj-ant  mine  cases  are  constructed 
of  two  hemispheres  of  thin  steel,  welded  together  at  the 


\ 


flanges.     For  ground  mines  the  turtle-back  or  mushroom 
shape  is  recommended. 

An  air  space  that  much  exceeds  in  volume  three  times 
that  of  the  charge  has  been  found  to  produce  considerable 
diminution  of  explosive  effect.  In  all  cases  the  size  of  the 
envelope  should  be  kept  down  to  the  lowest  dimensions 
compatible  with  the  work  required  of  it. 

V. — AUTOMATIC  MINES. 

Notwithstanding  the  grave  objections  that  can  be  urged 
against  the  automatic  or  self-acting  mine,  from  the  iact 
that  it  will  act  alike  against  friend  and  foe.  there  are 
times  when,  in  planning  for  the  defense  of  a  harbor,  its  use 
becomes  judicious. 

If  called  upon  to  defend  a  wide  water  area,  or  shallow 
channels  not  likely  to  be  used  by  friendly  vessels  in  war 
time,  these  could  well  be  closed  with  automatic  mines  ; 
or  if  called  upon  to  improvise  a  scheme  of  mine  defense 
without  the  time  or  ma'erial  necessiry  for  ihe  preparation 


of  an  elaborate  system,  resort  could  easily  be^had'to  mines 
of  this  class. 

An  automatic  mine  should.  General  Abbott  says,  fulfil 
three  conditions  :  "  (i)  That  no  safety  arrangement  whicii 
requires  the  act  of  the  planting  party  to  remove  is  admis- 
sible ;  (2)  that  some  arrangement  to  cause  the  immediate 
explosion  of  the  charge  if  the  mine  gets  adrift  is  essential ; 


(3)  that  every  possible  means  should  be  taken  to  make 
their  removal  difficult."  He  adds  that  upon  the  latter 
point  there  is  a  wide  difference  of  opinion  among  engU 
neers. 

The  Confederates,  with  no  navy  to  take  the  sea,  with  no 
commerce  to  be  interfered  with,  if  we  except  the  few  light 
draft  blockade-runners,  could  well  afford  to  blockade  the 
entire  harbor  area  of  their  coast  with  this  class  of  mine^. 
Some  ot  those  devised  or  improved  upon  by  them  rema;n 
as  types  of  the  best. 

The  Automatic  Mechanical  Mine  was  a  favorite  type 
with  the  Confederates.  Fig.  5  represents  one  of  the  best 
of  this  class,  the  Brooke  mine.  The  case  is  of  metal,  coni- 
cal in  shape,  and  had  upon  its  hemispherical  top  five  fuses. 
Two  varieties  of  fuses  were  used  with  this  mine.  One, 
known  as  the  Rains  fuse,  is  shown  in  fig.  6.  half  in  ele- 
vation and  half  in  vertical  section.  It  consisted  of  an 
outer  cylinder  c,  provided  with  a  thread  on  its  outer  cir- 
cumference for  screwing  into  the  mine  case  ;  an  inner 
cylinder  /^.carrying  the  primers  d,  which  could  be  screwed 
up  until  the  heads  of  the  primers  came  in  contact  with  the 
copper  cap  a.  The  detonating  compound  was  a  mixture 
of  fulminate  of  mercury  and  ground  glass.  The  hexagonal 
projection  e  serves  for  applying  a  spanner  to  screw  it  into 
the  case.  The  other,  shown  in  fig,  7 — the  Jacobi  chemical 
fuse — consists  of  an  outer  cylinder  e  and  an  inner  one  car- 
rying a  lead  safety-cap.  Within  this  cap  was  a  hermeti- 
cally sealed  glass  tube  d,  filled  with  sulphuric  acid,  sur- 
rounded with  a  mixture  of  chlorate  of  potash  and  white 
sugar  ;  ^  is  a  primer  of  mealed  powder  leading  to  the 
interior  of  the  mine  case.     A  bending  of  the  lead  cap,  as 
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from  the  blow  of  a  passing  vessel,  breaks  the  glass  tube, 
when  the  action  of  the  acid  upon  the  surrounding  mixture 
develops  sufficient  heat  to  ignite  the  mealed  powder  and 
so  fire  the  mine. 

Another  form  of  the  automatic  mine  is  that  known  as 
the  Singer.  In  this  mine  the  blow  of  a  colliding  vessel 
displaced  an  iron  cap  resting  upon  the  top  of  its  sheet-iron 
case.  This  in  falling  released,  by  means  of  a  cord  or 
wire,  a  plunger,  which,  under  the  action  of  a  spiral  spring, 
was  forced  against  the  fulminating  mixture  and  fired  the 
mine.  The  McEvoy  improved  form  of  this  mine  is  shown 
in  section  in  fig.  8.  The  weight  a  rests  in  a  seat  upon 
the  top  of  the  case,  held  temporarily  in  place  by  a  papier- 
mache  cover  b,  screwed  down  to  the  seat.  A  short  sub- 
mersion in  water  softens  this  material  and  the  mine  be- 
comes active.  The  blow  from  a  vessel  dislodges  this 
weight,  which  falling  operates  the  firing  mechanism  con- 
tained in  the  tube  c,  screwed  into  the  base  of  the  case. 

This  firing  mechanism  is  shown  in  elevation  and  section 
in  fig.  9.  Under  the  action  of  the  falling  weight  the  hook 
e  is  drawn  down,  carrying  with  it  the  striker  d,  compress- 
ing at  the  same  time  the  spiral  spring  s.  As  soon  as  the 
hook  clears  the  passage  h  the  striker  is  released,  flies  up- 
ward, and  in  impinging  upon  the  cap  of  the  fuse /"fires 
the  mine. 

In  the  Mathieson  mine  a  cylindrical  tube  is  screwed  into 
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a  seat  on  the  top  of  the  mine  case,  containing  the  firing 
mechanism.  A  plunger,  weighted  with  mercury,  is  sus- 
pended at  the  top  of  the  tube  by  a  vulcanite  stem.  A 
powerful  blow  serves  to  break  this  stem  when  the  plunger 
falls  upon  a  percussion  cap,  igniting  a  priming  charge, 
hand  through  it  the  mine.  A  disk  of  zinc  confines  the 
mercury  to  a  safety  chamber  for  some  hours,  long  enough 
for  the  mine  to  be  planted.  The  zinc  disk  is  finally  eaten 
away,  the  mercury  descends  into  the  plunger,  and  the 
mine  becomes  active. 
The  Automatic  Electrical  Mine,  as  its  name  indicates, 

[employs  an  electrical  current  for  igniting  the  explosive 
charge,  instead  of  depending  upon  mechanical  means  for 
that  purpose,  as  in  the  mines  just  described.     A  small 

[battery  and  an  electrolyte  are  provided,  so  situated  that 
the  shock  of  a  colliding  vessel  brings  the  electrolyte  in  con- 
tact with  the  battery,  generating  a  current,  and  by  means 
of  an  electrical  fuse  firing  the  charge.  This  mechanism 
is  usually  within  the  mine  itself,  but  may  be  in  a  buoy 

I  above  the  mine,  or  within  its  anchor. 

Fig.  lo  shows  a  Hertz  mine  with  its  firing  arrangement, 

(half  in  section  and  halt  in  elevation.  Each  of  the  project- 
ing lead  tubes,  a,  of  which  there  are  five,  contains  a  chlo- 
rate of  potash  mixture  enclosed  in  a  glass  tube.  Beneath 
is  a  brass  case  containing  several  pairs  of  carbon  and  zinc 


plates,  forming  a  cell  c.  Two  insulated  wires,  w,  lead 
into  the  case,  one  connected  with  the  zinc  terminals  of  the 
five  cells,  the  other  with  the  five  carbon  terminals.  The 
other  extremities  of  these  wires  are  connected  with  the 
electrical  fuse  /,  embedded  in  the  priming  charge  d.  The 
crushing  of  the  glass  tubes  precipitates  its  contents  into  the 
cell  beneath,  excites  a  current  and  ignites  the  fuse.  As  a 
means  of  safety  the  lead  tubes  are,  until  the  mine  is  planted, 
covered  with  brass  cylinders,  and  one  of  the  wires  is  pro- 
vided with  a  key  e,  which  is  closed  when  the  mine  is  to  be 
rendered  active. 

In  the  McEvoy  mine  a  weight  is  dislodged,  as  in  the 
I  Smger  type  of  mine,  which  breaks  the  glass  tube  contain- 
ing an  electrolyte,  and  the  action  is  the  same  as  in  the  case 
lust  described.  In  the  English  naval  mine  two  small 
Leclanche  cells  are  enclosed  within  the  mine,  their  termi- 
nals  leading  through  a  circuit-closer  to  an  electrical  fuse. 
This  circuit-closer  consists  of  a  metal  cup  partly  filled  with 
mercury.  One  wire  is  in  contact  with  the  mercury,  the 
other  with  a  stem  projecting  into  the  cup  and  a  short  dis- 
tance from  the  surface  of  the  mercury.  A  violent  blow 
tnrows  up  the  mercury,  closes  the  circuit,  and  ignites  the 

(to  be  continued.) 


THE  NEW  YORK  AND  NEW  JERSEY  BRIDGE. 

At  a  meeting  of  the  Commissioners  of  the  New  York  & 
New  Jersey  Bridge  held  December  2,  a  report  was  pre- 
sented on  the  proposed  structure.  The  plans  for  the 
bridge  cannot  be  completed  until  the  War  Department 
gives  its  decision  fixing  the  height  and  length  of  span  for 
the  bridge,  as  it  is  required  to  do  under  the  act  authorizing 
the  bridging  of  the  Hudson  River.  The  location  adopted 
by  the  Commissioners  is  given  in  the  report  as  follows  : 

Beginning  at  a  point  in  New  Jersey  on  the  west  side  of 
the  Hudson  River,  between  the  lines  of  Seventieth  and 
Seventy-first  streets,  in  the  city  of  New  York,  produced  ; 
thence  running  easterly  between  Seventieth  and  Seventy- 
first  streets  to  a  point  near  Eleventh  Avenue  ;  thence 
curving  to  the  south  and  running  about  100  ft.  west  of  the 
west  line  of  Eleventh  Avenue  to  such  a  point  as  far  north 
of  Thirty-eighth  Street  as  will  allow  of  a  curve  of  proper 
radius  ;  thence  curving  to  the  east  and  running  between 
Thirty-eighth  and  Thirty-ninth  streets  to  a  union  station, 
which  union  station  will  cover  the  blocks  between  Thirty- 
seventh  and  Thirty-ninth  streets,  and  extend  from  Eighth 
Avenue  to  Broadway. 

One  approach  to  extend  from  said  union  station  in 
diagonal  line  to  a  connection  with  and  for  the  Manhattan 
Elevated  Railroad  on  Sixth  Avenue  at  or  near  Thirty- 
third  Street. 

Another  approach  will  run  from  the  west  end  of  the  said 
Union  Station  at  Eighth  Avenue  with  a  two-track  line  de- 
scending toward  the  Hudson  River  in  the  lower  part  of  the 
viaduct  above  the  New  York  Central  &  Hudson  River 
Railroad  tracks  lying  between  Sixtieth  and  Seventy -second 
streets,  and  will  descend  to  a  level  of  about  8  ft.  above  the 
mean  high  tide  in  the  Hudson  River  at  or  near  Seventy- 
ninth  Street.  Thence  it  will  run  along  the  river  front  out- 
side of  the  present  New  York  Central  &  Hudson  River  Rail- 
road tracks  upon  a  pile  foundation,  or  filling,  or  both,  to  be 
made  for  it.  Near  One  Hundred  and  Fifty-fifth  Street  it 
will  rise  over  the  New  York  Central  &  Hudson  River  Rail- 
road tracks  and  curve  to  the  east  into  a  tunnel  about  half 
a  mile  long  at  or  near  One  Hundred  and  Fifty-fifth  Street, 
coming  out  on  the  east  side  of  the  hill  and  crossing  at  a 
clear  elevation  of  18  ft.  above  the  tracks  of  the  Manhattan 
Elevated  Railroad  at  qr  near  One  Hundred  and  Fifty-fifth 
Street  ;  thence  across  the  Harlem  River  in  a  northeasterly 
direction  to  a  connection  with  and  for  the  New  York  & 
Northern  and  the  New  York  Central  &  Hudson  River  rail- 
roads, opposite  or  nearly  opposite  One  Hundred  and  Sixty- 
second  Street  prolonged.  Thence  substantially  by  a  di- 
rect line  to  a  connection  with  and  for  the  New  York  & 
Harlem  Railroad,  al  or  near  One  Hundred  and  Sixty-sec- 
ond Street.  Thence  along  the  easterly  side  of  the  Spuyten 
Duyvil  &  Port  Morris  Railroad  to  Long  Island  Sound,  and 
to  a  connection  with  and  for  the  Harlem  River  &  Portches- 
ter  Branch  of  the  New  York,  New  Haven  &  Hartford  Rail- 
road. Connections  will  be  made  with  all  intersecting  rail- 
roads. Stations  to  be  erected  at  all  connections  with  rail- 
roads, and  also  at  or  near  Seventy-second  Street,  Eighty- 
sixth  Street,  Manhattan  Street,  and  One  Hundred  and 
Fifty-fifth  Street, 


THE    HUDSON    RIVER    IMPROVEMENT. 


An  examination  is  now  being  made  of  the  channel  of 
the  upper  Hudson,  with  a  view  to  estimating  the  cost  of 
deepening  it,  so  as  to  enable  vessels  drawing  20  ft.  of 
water  to  go  up  the  river  to  Albany  and  Troy.  At  present 
there  is  deep  water  in  the  Hudson  as  far  as  Coxsackie, 
about  120  miles  from  New  York.  From  that  point  to  Al- 
bany the  channel  is  narrow  and  crooked,  but  considerable 
sums  of  money  have  been  spent  upon  it  from  time  to  time, 
both  by  the  State  of  New  York  and  the  United  States.  The 
existing  channel,  which  is  maintained  by  dikes  and  by 
frequent  dredging,  is  11  ft.  in  depth  and  175  ft.  in  width 
from  Coxsackie  to  Albany,  about  28  miles.  From  Albany 
to  Troy,  5  miles  further,  it  is  10  ft.  in  depth  and  140  ft.  in 
width.     The  deepening  of  the  channel  to  20  ft.  will  require 
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the  removal  of  several  bars  with  a  good  deal  of  diking,  and 
possibly  the  cutting  of  an  entirely  new  channel  at  one  or 
two  points,  but  will  be  of  great  benefit  to  navigation. 

Perhaps  the  widening  of  the  channel  would  be  more 
beneficial  than  an  increase  in  depth.  The  number  of  tows 
coming  from  the  canal  at  Albany  is  very  large,  and  in  the 
present  condition  of  the  river  there  are  several  points 
where  passing  two  such  tows  is  not  an  easy  matter.  Much 
injury  is  done  to  the  channel  by  heavy  ice  in  the  winter 


The  same  joint  is  used  for  the  new  as  for  the  old  sec- 
tion. This  Company  has  for  two  years  past  adopted  the 
plan  of  cutting  the  ends  of  the  rails  miter,  or  at  an  angle 
of  45°,  and  this  plan  has  worked  so  well  That  there  is  no 
disposition  to  abandon  it.  The  advantages  found  are  in 
the  absence  of  jar  at  the  joints  and  also  in  the  absence  of 
cutting  or  excessive  wear  at  the  ends  of  the  rails. 

A  number  of  these  rails  recently  made  have  been  rolled 
45  ft.  in  length  instead  of  30  ft.,  thus  saving  33  per  cent  in 
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NEW   STANDARD   80-LBS.    RAIL.    LEHIGH   VALLEY    RAILROAD. 


and  spring,  which  damages  and  sometimes  breaks 
through  the  dikes,  and  aids  in  forming  bars  and  obstruc- 
tions. 


THE  LEHIGH  VALLEY  STANDARD  80-LBS.  RAIL. 


The  accompanying  illustration  shows  a  section  of  the 
80-lbs.  steel  rail  recently  adopted  as  a  standard  by  the  Le- 
high Valley  Railroad  Company.  It  replaces  a  76-lbs.  rail, 
the  section  of  which  is  shown  by  the  dotted  lines  which 
come  inside  the  full  lines  showing  the  new  section.  It 
will  be  seen  that  the  additional  metal  has  been  placed 
partly  in  the  head,  increasing  its  width  somewhat,  and 
partly  in  the  foot  of  the  rail,  which  is  slightly  wider  in  the 
new  than  in  the  old  section.  The  corners  of  the  head,  it 
will  be  seen,  have  one-half  inch  radius,  as  heretofore, 
while  the  metal  in  the  stem  has  not  been  increased. 


the  number  of  joints.     About  a  mile  and  a  quarter  of  track 
has  been  laid  with  the  45-ft.  rails. 

This  new  section  illustrates  the  tendency  to  use  a  heavier 
rail  on  all  roads  of  large  traffic,  and  it  also  shows  where 
the  experience  of  this  noad  has  proved  that  additional 
metal  can  be  applied  to  the  best  advantage. 


Recent   Patents. 


MANN  S   CAR-WHEEL. 

Figs.  3-7  show  a  form  of  car  wheel  covered  by  patent  No. 
433.950f  issued  recently  to  Henry  F.  Mann,  of  Allegheny,  Pa. 
In  the  illustrations,  fig.  3  is  a  sectional  view  of  one-half  of  a 
car-wheel  embodying  this  invention  ;  fig.  4  is  a  similar  view  of 
a  modified  form  of  the  wheel  ;  figs.  5  and  6  are  views  in  side 
elevation  of  the  wheels  shown  in  figs.  3  and  4,  respectively  ; 
and  fig.  7  is  a  sectional  detail  of  a  further  modification. 
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In  practice  the  edge  of  a  circular  disk  i,  of  suitable  dimen- 
sions is  turned  over  to  or  approximately  to   a  right  angle  to  the 


r.ody  of  the  disk,  said  turned  over  portion  being  of  sufficient 
width  for  the  formation  not  only  of  the  tread  2  and  flange  3, 
also  for  the  formation  of  a  bead  along  the  edge  of  the 
which  is  formed  by  bending  outwardly  the  edge  of  the 


but 
flange 


portion  turned  over  in  forming  the  tread  2. 
In  forming  the  flange  3  metal  of  a  wid 
rpniiired  ^or   the   flange  should   be   bent  c 


width  greater  than  that 
required  ^or  the  flange  should  be  bent  outwardly,  as  above 
stated.  This  excess  of  metal  is  then  bent  over  a  ring  4,  formed 
of  heavy  wire  or  wire  rod.  The  metal  inclosing  the  wing  4 
may  extend  only  partially  around  the  wire,  as  shown  in  fig.  3, 
may  be  made  to  entirely  embrace  the  ring,  as  shown  in  fig.  4, 
and  the  wire,  wire  rod,  or  tube  forming  the  ring  4  may  be  round 
in  cross-section,  as  shown  in  figs.  3  and  4,  or  angular,  as  shown 
in  fig.  5,  or  it  may  be  tubular,  as  the  uses  to  which  the  wheel 
is  to  be  put  may  require.  It  will  be  observed  that  by  bending 
the  metal  over  the  wire  the  flange  of  the  wheel  is  made  suffi- 
ciently wide  or  thick  to  properly  guide  the  wheel  in  passing 
over  frogs,  switches,  and  crossings — a  function  which  this  class 
of  wheels  as  now  constructed  of  a  single  thickness  of  metal  does 
not  properly  perform. 

In  order  to  reinforce  the  web,  which  is  dished,  as  shown,  to 
enable  it  to  better  endure  the  strains  of  service,  a  concavo-con- 
vex metal  disk  5  is  secured  to  the  web  by  rivets,  as  shown  in 
fig.  4.  The  disk  is  arranged  with  its  convex  surface  outward — 
that  is  to  say,  the  disk  is  so  placed  that  the  concave  surfaces  of 
the  disk  and  web  shall  be  adjacent  to  each  other,  so  that  one 


MANN'S  STEEL  WHEEL. 

shall  reinforce  the  other  in  the  direction  of  the  least  rigidity. 
The  web  and  disk  are  secured  to  the  hub  6,  which  is  provided 
with  a  flange  7  at  one  end,  by  bolts  or  rivets  passing  through 
said  flange,  an  annular  distance-block  8  interposed  between  the 
disk  and  web,  and  a  washer  9,  arranged  outside  of  the  web  or 
disk. 

In  lieu  of  securing  the  disk  to  the  web  by  rivets,  as  shown  in 
iJKS.  3  and  5,  the  web  and  disk  may  be  made  with  a  deeper 
dish,  as  indicated  by  dotted  lines  in  fig.  4.  than  required  to 
obtain  ihe  relative  adjustment  of  the  disk  and  web,  as  shown  in 
ng-  3,  so  that  when  said  parts  are  placed  together,  with  the 
edges  of  the  disk  resting  upon  the  web,  the  distance  between 
the  iwo  will  be  greater  than  desired  in  the  finished  wheel,  and 
considerable  power  will  be  required  to  draw  them  into  proper 
relation  on  the  hub.  It  will  be  obvious  that  when  so  drawn 
into  position  the  disk  and  web  will  bear  against  each  other  with 
a  pressure  proportional  to  the  force  required  to  bring  them 
'nto  the  desired  relation,  and  being  under  a  strain  will  offer  a 
more  prompt  and  greater  resistance  as  against  lateral  strains— 
as.  tor  example,  in  the  arrangement  of  the  disk  and  web  shown 
n  ng.  4,  the  web  will  resist  any  outward  strains  in  the  direction 
01  ine  arrows  while  the  disk  5  will  operate  similarly  as  against 
strains  in  the  direction  of  the  arrow  b. 

ims  invention  is  also  readily  applicable  to  wheels  wherein 


the  web  and  tire  are  formed  independent  of  each  other  and 
secured  together  by  bolts  or  other  suitable  means. 


BUSSELL  S   TURNING  TOOL. 


The  accompanying  illustrations  show  a  very  neat  and  simple 
tool  and  tool-holder,  which  are  protected  by  Patent  No.  429. 8S3, 
issued  to  Edward  Bussell  of  New  York.  The.  tool-holder  has 
a  tapering  eye,  while  the  tool  has  a  tapering  shank  made  to  fit 


BUSSELL'S  TURNING  TOOL. 

the  eye,  the  end  and  side  being  ground  off  to  form  the  cutting 
edge.  Fig.  i  is  an  elevation  of  the  tool  and  holder  ;  fig.  2  a 
detached  view  of  the  tool,  and  fig.  3  an  end  view  of  the  same. 
The  holder  is  made  of  a  bar  a  with  an  eye  b  at  one  end  made 
tapering  to  receive  the  tapering  shank  c  of  the  tool.  At  the  end 
of  the  tool-shank  c  is  the  cutting  edge  e,  formed  of  the  inclined 
faces  2  and  the  side  faces  3  4,  ground  to  form  a  sharp  cutting 
edge.  The  shank  c  wedges  tightly  into  the  eye  b,  but  can  be 
easily  separated  by  a  tap  of  the  hammer  on  the  smaller  end  and 
turned  around  into  any  desired  position.  In  the  same  way  a 
dull  tool  can  be  very  easily  removed  and  a  new  one  substituted. 

Richard's  piston- valve. 

Figs.  8  and  9  show  a  form  of  piston-valve  covered  by  patent 
No.  430,484,  issued  to  Francis  H.  Richards,  of  Hartford,  Conn. 


RICHARD'S   PISTON  VALVE. 

Fig.  3  is  a  section  and  fig.  9  an  end  view.     In  fig.  8  the  letter 

A  shows  part  of  a  cylinder,  in  which  the  valve-seat  B  is  bored. 

The  valve-stem  C  has  upon  its  outer  end  a  core  D,  consisting 
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of  two  parts  4  and  5,  made 
coned  or  tapering  inward  toward 
each  other.  Surrounding  these 
two  cones  is  a  shell  H,  having 
its  bore  or  central  opening  ta- 
pering from  both  ends  inward,  so 
that  there  are  within  the  shell 
two  conical  portions  correspond- 
ing in  shape  with  and  adapted  to 
be  engaged  by  the  peripheries 
of  the  two  cones  4  and  5,  form- 
ing the  core  D.  The  conical 
portions  of  the  interior  of  the 
shell  are,  however,  as  shown  in 
the  drawings,  made  to  taper 
down  to  a  diameter  less  than 
that  of  the  inner  ends  of  the 
cones.  Screws  6  6,  passing 
through  the  outer  cone  4  and 
tapped  into  the  other  one,  serve 
to  draw  or  force  the  two  cones 
toward  each  other,  while  screws 
7  7,  tapped  through  the  outer 
cone  4  and  at  their  inner  ends 
engaging  cone  5,  are  employed 
to  force  and  hold  the  cones 
apart.  By  means  of  the  two 
sets  of  screws  the  cones  can 
be  adjusted  to  any  desired  dis- 
tance apart  and  fixed  as  ad- 
justed. 

The  core  Z?,  formed  of  the  two 
adjustable  cones,  as  described, 
is  held  in  place  on  the  valve-stem 
C  by  means  of  the  nuts  8  and 
9,  screwed  on  the  stem  and  en- 
gaging the  ends  of  the  outer 
and  inner  cones,  respectively. 
With  the  core  thus  held  by  the 
nuts  it  can  be  not  only  securely 
fastened  in  place  on  the  stem, 
but  also  adjusted  as  desired 
along  the  latter  to  change  the 
position  of  the  valve.  The  op- 
posite ends  of  the  shell  H  are 
preferably  made  of  the  same 
thickness  where,  as  in  motor  en- 
gines, both  ends  of  the  piston- 
valve  are  alternately  used  to  cut 
off  air  from  port  P. 

The  material  of  which  the  shell 
is  made  should  be  one  having 
elasticity,  or  being  capable  of 
expansion  and  contraction  with- 
out any  slotting  or  division  of 
the  shell.  The  materials  found 
in  practice  to  be  suitable  for  the 
shell  are  soft  steel,  bronze  or 
cast  iron,  while  for  the  core  D 
steel  is  used.  The  taper  of  the 
cones  and  of  the  conical  por- 
tions of  the  bore  of  the  shell  is 
made  slight  or  at  a  small  pitch, 
and  that  of  either  of  the  cones 
and  the  respective  surface  with- 
in the  shell  to  be  engaged  by 
the  cone  is  preferably  made  of 
the  same  pitch  or  at  the  same 
angle. 


Fig.  209. 


K- 15^' \ '- \ 

^ '  I 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING. 


By  M.  N.  Forney. 


(Copyright,  1890,  by  M.  N.  Forney.) 

{ContiHUtd  from  page  570,  Volume  LXIV.) 

CHAPTER  WL-f^Continued.) 

THE  STEAM-ENGINE. 

CYLINDER. 

steam  .T"^.  ''  *  ^'l*^  ^'*^''  °^  *  cylinder,  with  the  cover  of  the 
the  Snrer^L'T°''^?.  '/8-  208  is  a  sectional  plan  drawn  through 

210  is  .1       "-^^  ^y''"^"  '  ^^-  2°9  is  a  back  end  view,  and  fig. 
^xo  IS  a  transverse  section  on  the  line  ^  ^  of  figs.  207  and  208. 


Fig. 


Fig.  210. 


These  figures  should  be  drawn  half  or  quarter  size.  In  drawing 
figs.  207  and  208  longitudinal  center  lines  C  D,  C  D  should  first 
be  drawn.  Vertical  lines  A  fi,  A  B  passing  through  the  middle 
of  the  cylinder  should  then  be  laid  down.  In  figs.  2og  and  210 
horizontal  center  lines  G  H,  G  H  and  vertical  lines  J  K,  J  K 
should  form  the  base  lines,  from  which  other  dimensions  may 
be  laid  off.  The  inside  diameter  of  this  cylinder,  as  shown  in 
figs.  208  and  210,  is  10  in.  Owing  to  the  limited  size  of  the 
pages  of  the  Journal,  figs.  207  and  209  and  figs.  208  and  210 
had  to  be  placed  opposite  to  each  other.  In  drawing  these  the 
student  should  lay  them  all  down  on  one  sheet  of  paper,  and 
the  centers  O  and  O  should  be  in  the  center  lines  CD  and  CD 
extended.  To  begin  with,  circles  10  in.  in  diameter  should  be 
drawn  from  the  intersections  0,  0,  of  the  horizonul  center  lines 
G  H,G  H,  figs.  209  and  210,  with  the  vertical  Wnts  J K,J  K,  to 
represent  the  inside  of  the  cylinder.     As  the  sides  of  the  cylinder 
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are  |  in.  thick  this  dimension  should  be  laid  off  outside  of  the 
circle,  another  circle  should  be  drawn  with  a  radius  of  si  '"•  from 
the  center  O  through  the  point  thus  laid  down.  Then  with  the 
T-square  lines  can  be  projected  in  fig.  208,  which  will  represent 
the  inside  and  the  outside  of  the  cylinder.  The  length  of  the 
cylinder,  as  indicated  by  the  dimension  a  b,  fig.  208,  is  2.s\  in. 
This  should  belaid  off  from  the  line  A  B.  The  diameter  of  the 
flanges  and  the  cylinder-heads  is  1 5^  in.  Circles  of  this  diameter, 
drawn  from  the  centers  O,  0,  figs.  209  and  210,  will  represent 
the  heads  and  flanges.  From  the  circumference  of  these  circles 
lines  can  be  projected  with  the  T-square  and  drawn  in  figs.  207 
and  208  to  represent  the  outline  of  these  parts.  Their  thick- 
ness, \\  and  \  in.  respectively,  can  then  be  laid  down  in  the  figs, 
last  referred  to  and  lines  drawn  to  represent  it. 

In  boring  steam-engine  cylinders  they  are  usually  bored  larger 
at  each  end,  so  that  the  piston  will  move  slightly  beyond  the 
smallest  part  of  the  bore.  This  enlarged  part  is  called  the 
counterbore,  and  is  shown  at  L  and  L'  and  is  \  in.  larger  in 
diameter  than  the  other  portion  of  the  inside  of  the  cylinder. 
The  depth  of  the  counterbore  is  2f  in.  and  is  shown  in  fig. 
208.  The  cylinder-heads,  it  will  be  seen,  are  made  to  project 
into  the  ends  of  the   cylinders   |   in.      The  heads    are  made 


Fig.  212. 

"dished,"  as  shown,  the  central  part  being  the 
same  thickness,  |  in.,  as  the  outer  rim. 

The  bolts  or  studs  in  the  cylinder-heads  are 
laid  off  in  figs.  209  and  210  by  drawing  a  circle 
the  required  distance  inside  of  the  circumference 
of  the  head,  and  then  dividing  it  into  the  required 
number  of  spaces,  in  this  case  six.  In  figs.  209 
and  210  the  bolts  are  represented  by  circles  only, 
the  nuts  being  omitted.  This  is  often  done  to  save 
work.  In  fig.  208  the  studs  and  nuts  are  shown  in 
the  section,  and  thus  give  all  their  dimensions. 

In  figs.  207  and  208  .^/ and  m  are  stuffing-boxes 
for  the  piston-rod  and  valve-stem.  They  consist 
of  cylindrical-shaped  openings  il/ and  m,  fig.  208, 
which  surround  the  rod  and  valve-stem.  This 
space  is  filled  with  hemp  or  other  fibrous  material. 
What  are  called  glands,  N  and  »,  which  are  hollow 
cylindrical-shaped  pieces  of  metal,  are  then  placed 
on  the  rods  and  are  forced  into  the  stufling-bqyes 
by  bolts  and  nuts,  c  c,  fig.  207.  The  fibrous  ma- 
terial or  packing,  as  it  is  called,  is  thus  compressed 
and  forms  a  steam-tight  joint  around  the  rods. 
To  avoid  confusion  the  bolts  in  the  smaller  stuffing- 
box  m  are  not  shown  in  the  drawing. 

N  is  a  box  or  receptacle  called  a  steam-chest  to 
which  steam  is  conducted  by  a  pipe  attached  to 
the  opening   Q,   fig.  210.     From  the  steam-chest 
passages  P,  P,  fig.   208,  called  steam-passages  or 
steam-ways,  communicate  to  each  end  of  the  cylin- 
der.   Another  passage,   X  F,    figs.  208  and  210, 
forms  a  communication  from  the  steam-chest  K 
with  a  pipe  T,  called  the  exhaust-pipe,  which,  in 
high-pressure  engines,  is  open  to  the  atmosphere. 
These  passages  terminate  in  a  flat  surface  V  V, 
called  the  valve  face.     The  openings  S  S,  fig.  207, 
in  the  valve-face,  are  called  steam-ports,  and  X 
is  the  exhaust  port.     On  this  surface  a  slide-valve 
—  whose    construction    will    be   explained    here- 
after— works,  and  alternately  admits  steam  to  one 
end  of  the  cylinder  and  then  to  the  other  through  the  passages 
/*  and  P,  and  also  allows  it  to  escape  through  the  same  chan- 
nels and  the  exhaust- passage  X  V.     These  passages  are  all  cast 
with    the   cylinder   and   are    of    somewhat    complicated    form, 
so  that  the  student   will   be  obliged   to   study  the   engravings 
carefully  to  understand  their  shape  and  position.     If  he  can 
examine  a  cylinder  casting  he  will  be  able  to  understand  them 
better  than   he  can  from  an  engraving  alone.     It  is  doubtful 
whether  further  explanation  will  aid  him  in  getting  a  clearer 
understanding  of  the  construction  of  a  cylinder. 

The  steam-chest  in  the  present  illustration  is  cast  with  the 
cylinder  and  forms  a  part  of  the  same  casting.  The  cover  U  is 
bolted  to  the  chest  by  the  studs  which  are  clearly  shown  in  the 
engraving.  The  flange  IV  is  for  fastening  the  cylinder  to  the 
engine-frame.  The  bolts/,  /,  represented  by  dotted  circles  in 
fig.  208,  are  also  for  fastening  the  cylinder  to  the  frame. 

SLIDE-VALVE. 

The  slide-valve  for  the  engine,  which  has  been  illustrated  by 
the  preceding  engravings  in  this  chapter,  is  shown  by  figs.  211- 
214.     These  engravings  should  be  drawn  by  the  student  either 
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half  or  full  size.  Fig.  211  is  a  side  view  of  the  valve,  fig.  212  an 
end  view,  fig.  213  a  sectional  plan  on  the  line  A  B,  of  fig.  211', 
and  fig.  214  is  another  similar  plan  with  the  valve  in  a  different 
position  from  that  shown  in  fig.  213.  CD  is  the  valve-face,  which 
in  this  case  stands  vertical.     In  many  engines,  especially  loco- 


motives. 


and  X  th»    "  "'"^"y  P^^<^e<l  horizontal.       P  P'  are  the  steam 

intoVhe  v.u      "''"^^'^^,?'-    "^^^  openings  where  these  emerge 
■nto  the  valve-seat  are  called  steam  and  exhaust-ports 

2ATJ^^\T  °i  "-^^  ^^^""^  "^^y  ^"^  "^^'ly  understood  from  figs 
J  ana  214.     Ir  fig.  213  the  valve  is  shown  on  the  middle  of  if 


Its 


seat,  and  it  then  covers  both  the  steam-ports  and  the  exhaust- 
port.  In  fig.  214  the  valve  has  been  moved  toward  the  left  side 
of  the  valve-seat  and  has  uncovered  the  steam-port  P' .  As  the 
valve  is  inside  of  the  steam-chest,  if  steam  is  turned  on  and  the 
chest  is  filled  with  steam  it  will  flow  into  the  port  P',  when  it 
is  uncovered,  as  indicated  by  the  darts  i  i,and 
will  be  conducted  to  the  front  end  of  the  cylin- 
der. At  the  same  time  the  exhaust  cavity  E,  in 
thevilve,  covers  the  steam-port /*  and  exhaust- 
port  X,  and  communication  is  thus  established 
between  the  front  end  of  the  cylinder  and  the  ex- 
haust-passage X,  and  the  steam  in  the  front  end 
of  the  cylinder  can  thus  escape  into  the  open  air. 
When  the  valve  is  moved  to  the  right  the  re- 
verse action  occurs — that  is,  the  s>team-port  P  is 
uncovered  and  steam  then  flows  into  it  and  the 
exhaust-cavity  covers  X  and  /",  so  that  the 
steam  in  the  front  end  of  the  cylinder  can  es- 
cape. The  valve  is  moved  by  the  eccentric  al- 
ternately back  and  forth  with  each  stroke  of  the 
piston,  and  thus  admits  and  exhausts  steam 
alternately  from  one  end  and  then  from  the 
other  of  the  cylinder. 

It  will  be  noticed  from  fig.  213  that  the  outer 
portions  Z  Z  of  the  valve,  shaded  with  double 
lines,  overlap  the  edges  of  the  steam-ports. 
This  double  shaded  part  is  called  the  "  outside 
lap,"  or  simply  the  "lap""  of  the  valve.  This 
performs  a  very  important  function  in  its  work- 
ing, as  it  covers  the  parts  and  encloses  the  steam 
in  the  ends  of  the  cylinder  and  allows  it  to  ex- 
pand during  the  time  that  the  ports  are  closed, 
and  until  they  are  opened  by  the  inside  edges  / 
and  /'  and  the  steam  is  then  allowed  to  escape.* 
In  order  to  prevent  both  of  the  steam-ports 
from  communicating  with  the  exhaust-port  at 
the  same  time,  the  inside  edges  of  the  valve 
/  /'  usually  have  a  small  amount  of  lap  called 
"  inside  lap,"  and  indicated  by  black  shading 
in  the  fig. 

Motion  is  communicated  to  the  valve  by 
means  Af  a  rod  S,  called  the  valve-stem,  which 
has  what  is  called  a  "' yoke,"  F  G  H  I,  ^g.  211, 
on  its  end.  This  has  a  square  opening  in  it 
which  fits  over  the  valve,  as  shown  in  the  en- 
graving. The  valve-stem  passes  through  the 
stuffing-box  M,  fig.  207  and  208,  in  the  steam- 
chest,  which  prevents  the  leakage  of  steam  from 
the  chest.  The  dotted  lines  in  fig.  212  show  the 
form  of  the  cavity  £  in  the  inside  of  the  valve. 
The  weight  of  the  valve  rests  on  a  slide  D  K 
below  it.  This  serves  merely  to  carry  its 
weight. 

PISTON. 

In  the  construction  of  pistons  a  great  variety 
of  methods  have  been  adopted  to  make  them 
work  steam-tight  in  the  cylinder.  Figs.  215 
and  216  represent  what  is  called  Stevenson's 
packing. 

Fig.  215  is  a  section  on  the  line  G  H I  oi  fig. 
216,  and  in  the  latter  fig.  the  left  hand  half  is 
represented  with  the  plate  L  L  removed. 
These  figs,  should  be  drawn  full  size. 
^  The  piston  consists  of  a  cast-iron  head,  H  H, 
which  is  fastened  to  the  piston-rod  K.  The 
ends  A  and  B  of  the  red  are  made  of  a  conical 
form,  and  the  one  end  B  fits  into  a  similar 
shaped  hole  in  the  piston  head.  This  end  of  the 
rod  is  riveted,  as  shown  at  c,  to  hold  the  piston- 
head  on  the  rod.  Besides  the  riveting  a  tapered 
key  K  passes  through  the  boss  D,  and  the  rod 
so  as  to  hold  the  piston  head  securely  to  the 
rod.  The  other  end.  A,  of  the  rod  fits  into  the 
cross-head,  as  shown  in  figs.  203-205. 

A  solid  cast-iron  ring,  R  R,jk\\\\  grooves  ^^ 
in  it,  encircles  thepiston^h^d.  Two  other 
smaller  rings^^,,^^"^,  ca\\^^ packing-rings,  are 
place'd  in  t^lCgrooves  ^  ^.  The  outside  diam- 
eter of  these  packing  rings  is  made  somewhat 
larger  than  the  inside  of  the  cylinder,  and  they 
are  then  each  cut  apart  transversely,  as  shown 
at  E,  fig.  2x6.  This  permits  them  to  be  sprung 
to  enter  the  cylinder,  and  their  elasticity  then 

An  inverted  plan 


together  so  as 

causes  them  to  expand  and  fit  the  cylinder. 


*  For  a  fuller  explanation  of  the  action  of  a  slide-valve  the  reader  is  referred 
to  the  Author's  *'  Catechism  of  the  Locomotive,"  Second  Edition. 
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of  the  packing  ring,  where  it  is  cut  apart    is  shown  at  /.     A 
small  pin  «  is  attached  to  the  ring  R  and  prevents  the  ring  F 

from  turning.  u  u  •     .u  • 

The  solid  ring  R  and  the  two  packing  rings  are  held  in  their 
places  by  a  plate  L  L,  called  a,  follower-plate,  which  is  bolted  to 
the  front  of  the  piston -head. 

ENGINE-FRAME. 

Figs.  A,  B,  C,  D  and  E  represent  a  cast-iron  engine-frame. 
which  should  be  drawn  by  the  student  to  a  scale  of  3  in.  =  i  ft. 
Fig  /i  is  a  side  view.  B  a  plan.  C  a  back-end  view,  D  a  front- 
end  view,  and  E  a  transverse  section  on  the  line  A  B  oi  fig.  A. 
In  drawing  fig.  A  the  line  representing  the  top  and  that  repre- 
senting the  bottom  of  the  frame  should  be  drawn  first.    Then  lay 


increasing  the  fleet  in  the  near  future  by  an  addition  of  four 
steamers,  two  of  which  will,  in  all  probability,  be  passenger 
steamers,  elegantly  equipped  and  so  arranged  that  they  can  be 
used  for  freight  traffic  when  the  passenger  season  is  over, 
carrying  3,500  tons  of  freight  through  the  Sauk  Canal.  Presi- 
dent James  J.  Hill,  of  the  Great  Northern  Company,  is  expected 
in  Bufifalo  shortly  to  consider  the  matter  of  new  boats. 

The  xVorth  Wind,  like  the  other  boats  of  this  fleet—  :hey  are 
duplicates  in  every  respect  and  were  built  by  the  Globe  Iron 
Works  Company— cost  her  owners  $223,000.  She  is  292  ft. 
keel,  312  ft.  over  all,  40  ft.  beam,  and  24^  ft.  moulded  depth. 
Her  triple-expansion  engines  are  24,  38,  and  61  by  42,  and  she 
has  two  boilers  14  X  I2i  ft.  She  has  four  gangways  on  either 
side  and  six  hatches  for  the  handling  of  freight.     .A.  line  shaft 


STEAMSHIP    "NORTH    WIND." 


out  the  longitudinal  center  line  for  the  plan,  and  on  this  locate  the 
transverse  center  lines  of  the  shaft  and  that  which  passes  through 
the  middle  of  the  guides  and  the  middle  of  the  cylinder  shown  by 
dotted  lines  in  the  engravings.  These  can  be  extended  to  inter- 
sect the  top  and  bottom  liqes  of  fig.  A,  and  from  them  the  lugs  and 
flanges  to  receive  the  pedestal  guides  and  cylinder  can  be  laid  off. 

The  frame  is  cast  hollow,  as  shown  by  fig.  A,  but  has  trans- 
verse ribs  on  the  inside— represented  by  dotted  lines  in  the  figs. 
— to  strengthen  or  stiffen  it.  The  lugs  L  L — L  are  intended  to 
receive  bolts,  which  are  imbedded  in  masonry  and  hold  the 
frame  securely  to  its  foundation. 

The  drawing  presents  no  special  difficulties,  excepting,  per- 
haps, the  moulding  around  the  base.  In  fig.  C  the  vertical  and 
horizontal  width  of  the  members  of  this  moulding  are  shown. 
Lay  these  down  and  unite  the  points  a  and  c  with  a  straight  line. 
Subdivide  this  line  and  then  draw  in  the  curves,  as  explained  in 
Problem  64. 

(to  be  continued.) 


The  Business  Boat  of  the  Lakes. 


(From  the  Cleveland  Marine  Review.) 


A  LIKENESS  of  the  propeller  North  Wind,  which  accompanies 
this,  is  a  fair  representation  of  the  business  boat  of  the  lakes. 
I  he  ^'ortk  IVind  is  one  of  a  fleet  of  six  steel  steamships,  owned 
by  the  Northern  Steamship  Company,  the  lake  line  of  the 
«. real  Northern  Railroad  Company  between  the  head  of  Lake 
Superior  and  seaboard  connections  at  Buffalo.  As  this  fleet 
will  have  carried  between  the  opening  and  close  of  navigation 
300,000  tons  of  freight  including  1,300,000  barrels  of  flour, 
tney  may  well  be  classed  among  the  money  makers,  and  the 
immense  tonnage  credited  to  them  shows  the  extent  of  the  lake 
n?^  °"'^'^«  °f  the  millions  of  tons  in  the  coal  and  ore  busi- 
nprt-  °l^t^th«y  ^f*  unable  to  meet  requirements  even  in  con- 
necuon  with  the  railroad,  and  preparations  are  being  made  for 


with  two  drums  to  each  hatch  enables  the  boat  to  handle  96 
barrels  of  flour  at  one  time,  as  each  of  the  drums  handle  eight 
barrels.  The  boats  are  capable  of  carrying  about  2,500  net 
-tons  on  15  ft.  of  water  through  the  Sault  Canal.  The  boats  are 
thoroughly  equipped  in  every  way,  the  Northern  Wave  being 
fitted  with  an  Edison  electric  light  plant,  and  the  entire  fleet 
have  Providence  windlasses.  Electric  plants  will  be  placed 
on  all  of  the  other  boats  of  the  line  during  the  coming  winter. 


Manufactures. 


General  Notes. 


The  Buffalo  Railroad  Supply  Company,  which  was  recently 
incorporated  with  a  capital  stock  of  Sioo,ooo,  has  purchased 
five  acres  of  land  at  the  crossing  of  the  Delaware,  Lackawanna 
&  Western,  the  Lehigh  V^alley,  and  the  Western  New  York  k 
Pennsylvania  Railroads  in  Buffalo,  and  has  begun  the  erection 
of  large  buildings,  the  principal  one  being  500  ft.  in  length  and 
another  250  ft.  These  buildings  will  be  fitted  up  with  new 
machinery,  and  work  will  be  begun  as  soon  as  possible.  The 
Company  will  manufacture  switches  and  fixtures,  frogs  and 
crossings,  car-axles,  links  and  pins,  and  many  other  articles 
used  by  railroads,  besides  making  brass  and  iron  castings  of  all 
descriptions  and  general  machinery.  It  has  succeeded  to  tue 
business  of  the  Buffalo  Frog  &  Crossing  Company,  and  has  also 
acquired  control  of  several  patents  for  feed-water  heaters,  and 
purifiers  for  boilers.  The  officers  of  the  Company  are  :  Sydney 
E.  Adams,  President ;  M.  M.  Drake,  Vice-President  ;  W.  A. 
Clemens,  Treasurer  ;  Virgil  H.  McConnell.  Secretary  and 
Manager.  There  are  many  advantages  in  Buffalo  as  a  location 
for  such  business. 

The  Arrow  Steamship  Company  has  one  of  its  peculiar  type 
of  vessels  now  building  in  the  yard  of  the  Monumental  Con- 
struction Company,  Locust  Point,  Baltimore,  under  the  super- 
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vision  of  the  inventor.  Robert  N.  Fryer.  This  vessel  will  be 
of  iron,  222  ft.  long  over  all  ;  16  ft.  extreme  breadth  ;  18.4  ft. 
deep,  and  will  have  a  draft  of  8  ft.  forward  and  10  ft.  aft.  Great 
expectations  are  entertained  of  this  vessel,  but  its  success  is 
considered  by  experts  somewhat  doubtful.  The  ship  will  be 
propelled  by  a  compound  engine  with  cylinders  30  and  60  in.  in 
diameter  and  24  in.  stroke,  steam  being  furnished  by  two  Ward 
boilers. 

The  Detroit  Dry  Dock  Company  has  let  a  contract  for  the 
building  of  a  new  dry  dock,  which  will  be  the  largest  on  the 
lakes.  It  will  be  400  ft.  long,  54  ft.  wide  at  the  bottom  and  94 
ft.  on  the  water-line,  with  16  ft.  of  water  over  the  keel  blocks  at 
low  water.  The  pumps  will  have  a  capacity  of  36,000  galls,  per 
minute.  The  dock  has  been  designed  by  Mr.  Frank  E.  Kirby, 
and  will  be  of  wood  with  a  steel  caisson  gate. 

One  of  the  largest  sailing  ships  in  the  world  is  the  Shenan- 
doah, which  was  recently  launched  from  the  yard  of  Arthur 
Sewall  &  Company  in  Bath,  Me.  This  ship  is  325  ft.  in  length 
over  all  ;  49  ft.  beam,  and  28  8  ft.  in  depth,  with  a  registered 
gross   tonnage  of  3,407   tons.     She    will   carry   5,000   tons   of 
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freight,  and  with  that  load  will  draw  27  ft.  of  water.  She  will 
have  four  masts  and  a  total  sail  area  of  11,000  yards.  The 
riRging  is  all  of  wire,  and  all  her  fittings  are  of  the  most  modern 
type,  including  steam  windlass  and  hoisting  drums,  capstans, 
and  power  pumps.  The  keel  and  frames  are  of  oak  and  hack- 
matack, and  the  upper  works  principally  of  yellow  pine. 

The  Bucyrus  Steam  Sho.rel  &  Dredge  Company,  Bucyrus, 
O.,  has  sold  two  of  its  large  shovels  to  the  Cleveland  Iron 
Mining  Company  and  one  to  the  Lake  Angeline  Mining  Com- 
pany. These  shovels  are  made  for  handling  hard  and  soft 
ore,  and  have  a  capacity  of  five  tons  per  minute.  It  is  claimed 
for  them  that  they  will  load  ore  at  about  one-third  the  expense 
of  hand  labor. 

A  NEW  wrought-iron  paint  which  has  been  put  upon  the 
market  is,  it  is  claimed,  the  best  existing  material  for  protect- 
ing iron  and  steel  surfaces  from  the  influence  of  the  weather. 
This  paint  is  made  from  slag  produced  at  a  very  high  tempera- 
ture, and  the  manufacturers  claim  that  its  constituents  are  pres- 
ent as  chemical  compounds,  chiefly  silicate  of  iron,  unalterable 
under  the  conditions  to  which  a  pigment  is  liable  to  be  exposed. 
The  great  weight  of  the   pigment  causes  it  to  settle  rapidly  to 


the  surface  to  which  it  is  applied,  and  it  clings  to  that  surface 
with  great  tenacity,  forming  a  layer  of  unusual  durability.  The 
vehicle  used  is  pure  linseed-oil,  and  no  artificial  dryer  is  re- 
quired. This  paint  is  laid  on  with  a  brush  in  the  same  way  as 
ordinary  paint,  but  the  layers  are  heavier.  It  dries  more 
rapidly  than  ordinary  paint,  and  has,  it  is  claimed,  much  greater 
adhesive  power  and  resistance  to  water,  air  and  other  corroding 
elements.  It  is  made  in  different  colors  for  freight  cars,  car 
roofs,  for  bridges,  and,  in  fact,  for  all  iron  and  other  work  ex- 
posed to  the  weather.  It  is  manufactured  by  the  Aquila  Rich 
Paint  Company,  of  New  York. 

The  Bethlehem  Iron  Company,  Bethlehem,  Pa.,  has  done 
a  large  amount  of  forging  for  the  new  cruisers  of  the  Navy,  a 
number  of  shafts  and  cranks  having  been  made  in  the  works. 
These  include  the  shafts  for  the  San  Francisco  and  the 
Monterey,  built  by  the  Union  Iron  Works  in  San  Francisco,  the 
total  weight  of  forgings  for  the  former  being  147,202  lbs.  and 
for  the  latter  63,i6i  lbs.  On  the  ships  built  in  the  Cramp  yard 
in  Philadelphia,  the  weight  of  forgings  furnished  was  147.113 
lbs,  for  the  Philadelphia  and  118,820  lbs.  for  the  Newark.  For 
the  engines  of  the  Maine,  under  construction  at  the  Quintard 

Works  in  New  York,  the  weight 
of  the  forgings  was  119,810  lbs. 
For  cruisers  Nos.  7  and  8,  build- 
ing at  the  New  York  and  Nor- 
folk navy  yards,  53,579  lbs.  of 
forgings  were  made.  The  total 
amount  of  heavy  forgings  thus 
furnished  for  the  Government 
vessels  to  date  is  756,621  lbs.  al- 
together. 

It  is  stated  that  a  half  interest 
in  the  Priest  flanger  has  been 
sold  to  Mr.  W.  E.  Haskell,  of 
Minneapolis,  and  that  this  in- 
vention, which  has  already  met 
with  much  success,  is  to  be  ac- 
tively pushed. 

Lake  shipments  of  iron  ore  for 
the  season  are  at  an  end.  and  the 
aggregate,  8,155,324  gross  tons, 
is  1,251,324  tons  greater  than  the 
shipments  of  1889  and  3,433>337 
tons  greater  than  the  shipments 
of  1888.  Rail  shipment  of  about 
400,000  tons  will  bring  the  i8go 
record  up  to  8,500,000  gross  tons, 
or  double  that  of  all  years  previ- 
ous to  1888.  Shipments  from 
the  different  ports  were  :  Esca- 
naba,  3,756,143  tons;  Ashland, 
2,109,511  tons;  Marquette,  i,- 
316,353  tons  ;  Two  Harbors. 
870,848  tons  ;  Gladstone,  86,558 
tons,  and  St.  Ignace,  15. 91^ 
tons.  The  Marquette  Range 
shipped  2,656,423  tofls  ;  Goge- 
bic, 2,460,569  tons  ;  Menominee, 
2,167,484  tons,  and  Vermillion, 
870,848  \ons.— Cleveland  Marine 
Review. 

The  Baldwin  Locomotive 
Works  in  Philadelphia  have  received  an  order  for  10  ten-whtel 
passenger  locomotives  for  the  New  York,  Lake  Erie  &  Western 
Railroad. 

The  Buffalo  Car  Manufacturing  Company  has  just  completed 
200  box  cars  of  50,000  lbs.  capacity  for  the  Delaware,  Lacka- 
wanna &  Western  Railroad. 
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The  Hutchinson  Smoke  Consumer. 


The  accompanying  illustrations  show  a  device  for  preventing 
smoke  which   has  been   prepared  by  W.  S.  Hutchinson,  of  Chi 
cago,  and  has  been   introduced  on  the  Lake  Shore  &  Michigan 
Southern,  the  Baltimore  &  Ohio,  the  Chicago  &  Northwestern, 
the  Chicago.  Rock  Island  &  Pacific  and  other  roads. 

The  cuts,  which  include  a  rear  and  side  view  of  the  boiler 
and  a  plan  and  section,  on  a  larger  scale,  of  the  steam  jet,  show 
the  device  as  applied  to  a  Lake  Shore  locomotive.  In  this  case 
the  pipe  was  carried  forward  to  supply  a  blower  in  the  smoke- 
box,  but  that  connection  is  a  separate  thing  and  independent  of 
the  smoke  consumer. 
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The  principle  involved,  as  will  be  seen  from  the  engravings, 
is  simply  that  of  a  steam-jet  to  carry  air  into  the  hre-box  above 
he  fire  thus  securing  the  consumption  of  the  gases,  etc.,  which 
would  otherwise  pass  oflf  through  the  flues  and  the  smoke-stack. 
These  iets  are  placed  aleach  end  of  the  fire-box,  as  shown,  and 
are  so  arranged  as  to  distribute  the  air  over  the  surface  of  the  fire. 

The  results  obtained  are  said  to  be  very  good.  The  device 
can  be  applied  to  stationary  boilers  as  well  as  to  locomotives, 
as  will  be  readily  understood  from  the  description. 


Notes  from  Baltimore. 


The  Maryland  Central  Railroad  is  to  be  changed  from  3  ft. 
to  standard  gauge,  so  as  to  be  able  to  exchange  traffic  with 
other  lines.  The  connection  will  be  made  over  the  new  Balti- 
more Belt  Line. 

Work  is  being  pushed  on  the  extension  of  the  Western  Mary- 
land Railroad  from  its  present  terminus  in  Baltimore  to  tide- 
water. 

Several  new  establishments  have  been  located  at  Curtis 
Bay,  adjoining  the  South  Baltimore  Car  Works.  The  South 
Baltimore  Foundry  Company  has  completed  its  plant  and  is 
now  filling  orders.  Foundations  have  been  laid  at  the  same 
places  for  the  Ryan-McDonald  Machine  Works.  These  works 
will  be  under  the  management  of  Mr.  Howard  Carlton,  who 
is  also  General  Manager  of  the  Car  Works. 

The  proposed  plan  for  using  the  bed  of  the  Chesapeake  & 
Ohio  Canal  for  a  railroad  will  not  be  carried  out.  The  Balti- 
more &  Ohio  now  has  control  of  the  canal,  and  is  making 
arrangements  to  repair  it  and  put  it  ia  operation. 

The  Mt.  Clare  Works  of  the  Baltimore  &  Ohio  Railroad  are 
busy  on  new  work,  having  orders  for  six  new  consolidation 
engmes,  ten  lo-wheel  engines  and  fourS-wheel,  class  M,  en- 
gines. In  addition  to  this  equipment,  orders  have  been  given 
to  the  Baldwin  Locomotive  Works  for  seven  lo-wheel  engines 
and  for  three  8-wheel  passenger  engines,  the  latter  having  driv- 
ing-wheels 76  in.  in  diameter.  The  Company  is  putting  up 
new  shops  just  outside  of  Washington  at  a  place  which  will  be 
called  Trinidad. 

At  a  general  meeting  of  officers  of  the  Operating  Depart- 
ments of  the  Baltimore  &  Ohio  Railroad,  held  at  Camden  Sta- 
tion, in  Baltimore,  December  5,  satisfactory  reports  were  pre- 
sented. President  Mayer  and  Vice-President  Orland  Smith 
were  present  and  made  short  addresses.  The  supply  of  fuel 
and  oil  were  two  of  the  subjects  discussed. 

The  heads  of  the  Motive  Power  Department  of  the  Baltimore 
&  Ohio  recently  held  a  conference  at  Mt.  Clare  with  a  view  of 
preparing  forms  to  be  used  in  connection  with  the  piecework 
system.  This  system  is  in  use  in  the  shops  east  of  the  Ohio 
River,  but  some  difficulty  has  been  found  in  getting  satisfactory 
forms  for  all  classes  of  work. 


New  Bridges. 

A  new  bridge  over  the  Genesee  River  at  Rochester,  N.  Y., 
has  recently  been  completed  by  the  builders,  the  Rochester 
Bridge  &  Iron  Works.  This  bridge  crosses  the  deep  gorge  of 
the  Genesee  at  a  height  of  212  ft.  above  the  river,  and  consists 
of  one  main  three-hinged  arch  span  428  ft.  in  length,  with  a 
smgle  approach  span  of  103  ft.  at  the  east  end  and  two  approach 
spans  of  93  ft.  each  at  the  west  end,  the  total  length  being  thus 
717  ft.  The  depth  of  the  main  arch  at  the  center  is  14  ft.  and 
at  the  ends  82  ft.,  the  spring  being  68  ft.  The  arch  is  com- 
posed of  two  trusses,  which  are  inclined  toward  each  other,  being 
20  ft.  apart  at  the  center  and  46  ft,  at  the  points  of  support.  The 
bridge  carries  a  roadway  20  ft.  in  width,  and  twosidewalksieach 
"5  It.  wide. 

The  new  Verrugas  Bridge  on  the  Lima  &  Oroya  Railroad, 
in  Peru,  has  been  completed.  It  replaces  the  famous  Verrugas 
\iaduci,  which  was  built  in  1871  and  destroyed  by  a  flood  in 
anarch,  1889.  The  new  bridge  will  be  secure  from  such  an 
accident,  as  there  are  no  piers  in  the  center  of  the  ravine  which 
It  crosses,  and  the  failure  of  the  old  viaduct  was  caused  by  the 
underminiiig  of  the  piers.  The  bridge,  which  was  designed  by 
twn  irr.  ■  '  ^\°^  ^^^  cantilever  type,  and  is  supported  on 
the^ncl^lf" !•  ^^^.  "nt'lever  arms  are  each  235  ft.  long  and 
he  hn!f  ?  t^*"  If  '°5  ft.  At  the  center  it  is  2=0  ft.  above 
the  bottom  of  the  valley. 

mi]i*fr?^°r^^i.^^''''°!^  has  its  present  terminus  at  Chicla,  87 

ment  Jar^  k  *•  *°'  *"?  '^'3°*^  ^'-  ^^"""^  »he  sea  level.     Arrange- 

^lher?rr    n*^o"**^^  '°  complete  the  road   from  that  point 

me  cerro  Di  Pasco  mines,  and  thence  to  some  point  on  the 


upper  waters  of  the  Amazon.     This  was  the  plan  originally 
laid  down  for  the  road,  but  interrupted  by  circumstances. 


The  Sault  Ste.  Marie  Canal. 


Some  idea  of  the  importance  of  this  canal  may  be  formed 
from  the  following  comparative  statement  of  the  business  pass- 
ing through  it  for  the  seasons  of  1890  and  18S9  : 

1890.  1889.  Increase.  Per  ct. 

No.  of  lockages +,970  4.684  286  6 

No.  of  vessels  passed 10,557  9iS79  97*  'o 

Registered  tonnage.....,,.,,..        8,454,425  7,221,935  1,232,490  17 

Tons  freight  carried..; 9,041,213  7,516,022  1,525,191  20 

Estimated  value  of  freight  ...$io«,2i4,949  $83,732,527  $i».482,422  23 

The  average  tonnage  of  freight  carried  per  vessel  this  year 
was  S56  against  7S4  in  1SS9,  indicating  an  increase  in  the  size 
and  capacity  of  ships.  The  vessels  passing  the  canal  this  year 
included  7,268  steamers,  2,872  sailing  vessels,  and  417  unregis- 
tered craft.  The  largest  items  of  freight  recorded  were  iron 
ore,  coal,  grain,  and  flour. 

The  Marine  Review  says  :  "  Plans  and  specifications  for  the 
continuance  of  work  on  the  new  lock  at  Sault  Ste.  Marie  have 
been  completed  in  the  ofl5ce  of  General  O.  M.  Poe,  U.  S.  Engi- 
neers. This  is  the  new  work  for  which  $900,000  were  appropri- 
ated in  the  river  and  harbor  act  of  September  19,  with  a  proviso 
also  that  such  contracts  as  may  be  desirable  may  be  entered  into 
by  the  Secretary  of  War  for  materials  and  labor  for  the  entire 
structure  and  approaches,  Or  any  part  of  the  same,  to  be  paid 
for  as  appropriations  may  from  time  to  time  be  made  by  law. 
Work  under  the  contract  shall  be  begun  on  or  before  May  i  5, 
1891,  and  entirely  completed  on  or  before  November  15,  1893. 
The  approximate  estimate  of  materials  to  be  furnished  and 
work  to  be  done  under  the  specifications  is  as  follows  :  Portland 
cement  to  be  delivered,  22,000  barrels  ;  natural  cement,  75,000 
barrels  ;  cut  stone  to  be  delivered,  20,000  cub.  yds.,  solid  meas- 
ure ;  cut  stone  to  be  laid,  20,000  cub.  yds.,  solid  measure  ; 
backing  to  be  delivered,  $5,000  cub.  yds.,  solid  measure  ;  back- 
itig  to  be  laid,  59,000  cub.  yds.,  solid  measure  ;  concrete  to  be 
laid.  5,000  cub.  yds.,  measured  in  place  ;  earth  to  be  filled  be- 
hind wall?,  70,000  cub.  yds  ,  measured  in  place.  The  work 
required  by  the  specifications  is  the  building  of  the  main  walls 
and  stairways  of  the  800-ft.  lock,  and  the  furnishing  of  all  ma- 
terial, labor,  and  appliances*  needed  for  this  purpose.  The 
general  character  of  the  proposed  work  is  similar  to  that  of  the 
lock  now  in  use,  which  is  called  the  lock  of  1881  in  the  specifi- 
cations, and  the  general  outline  of  the  work  will  be  as  shown 
in  the  drawings  to  be  seen  at  the  United  States  Engineer's 
Office,  Detroit.  The  engineering  skill  necessary  in  the  building 
of  the  new  lock  will  again  attract  attention  to  great  works  on 

the  lakes." 

-♦- 

OBITUARY. 


Major  P.  W.  O.  Koerner,  who  died  in  Atlanta.  Ga.,  No- 
vember 30,  tnade  the  surveys  for  the  first  railroad  proposed  in 
Florida.  He  located  the  Florida  Transit  Road  from  Fernan- 
dina  to  Cedar  Keys,  and  was  engaged  on  several  other  railroads 
in  the  State. 

Moores  Mirick  White,  who  died  in  New  York,  November 
29,  was  a  pioneer  among  builders  of  iron  bridges.  He  was  a 
merchant  at  Syracuse,  N.  Y.,  for  some  years,  and  afterward 
engaged  in  bridge  building,  in  which  business  he  remained  for 
a  number  of  years.  He  was  81  years  old  at  the  time  of  his 
death,  and  retired  from  business  some  time  ago. 


Thomas  Jefferso.n  Whitman,  who  died  in  St.  Louis.  Novem- 
ber 25,  aged  57  years,  was  born  in  Brooklyn,  N.  Y.,  and  studied 
civil  engineering  under  Mr.  Kirkwood,  who  constructed  the 
water-works  of  that  city.  In  1859  he  removed  to  St.  Lcuis, 
where  he  was  engaged  in  planning  and  building  the  waterworks, 
of  which  he  was  Chief  Engineer  and  Superintendent  for  over  20 
years.  For  some  time  past  ill  health'has  prevented  him  from 
engaging  in  active  work. 

William  B.  Knight  died  in  Jacksonville,  III.,  December  6, 
from  injuries  received  in  a  railroad  accident  a  few  days  before. 
He  was  born  in  New  York  in  1847,  and  was  educated  at  the 
Rensselaer  Polytechnic  Institute  in  Troy,  N.  Y.  He  served  as 
engineer  on  the  New  York  Central,  on  the  Panama  Railroad, 
and  on  the  sewerage  works  of  Boston,     In  1879  he  removed  to 
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Kansas  City,  where  he  was  engaged  in  a  number  of  important 
works,  including  the  principal  cable  and  electric  railroad  lines 
of  the  city.  He  was  for  four  years  City  Engineer  and  held 
other  responsible  positions. 


PERSONALS. 


F.  S.  Curtis  has  resigned  his  position  as  Chief  Engineer 
of  the  Sinnemahoning  Valley  Railroad. 

VVoLCOTT  C.  Foster,  of  New  York,  has  charge  of  the  con- 
struction of  the  new  water-works  at  Tarrytown. 

W,  H.  KiPPZ^E  has  been  appointed  Chief  Inspector  of  bridge 
and  track  material  of  the  Pennsylvania  Railroad. 

S.  H.  Opdyke,  Jr.,  has  resigned  his  position  as  General 
Superintendent  of  the  Central  New  England  &  Western  Rail- 
road. 

Charles  E.  Billin  has  been  appointed  Superintendent  of 
the  Bridge  and  Construction  Department  of  the  Pennyslvania 
Steel  Works. 

J.  W.  Palmer,  of  Macon,  Ga.,  is  now  Resident  Engineer  in 
charge  of  construction  on  the  eastern  end  of  the  new  Macon  & 
Atlantic  Railroad. 

J.  R.  RoHRER  has  been  appointed  Division  Engineer  in  charge 
of  construction  on  the  Ohio  Extension  of  the  Norfolk  &  West- 
ern Ohio  Railroad. 

S.  H.  H.  Clark  has  been  appointed  General  Manager  of 
the  Union  Pacific  Railway.  He  will  also  retain  his  position  as 
Vice-President  of  the  Missouri  Pacific. 

William  F.  Turreff  has  been  appointed  Master  Mechanic 
of  the  Chicago  &  Erie  Railroad.  H  e  was  formerly  on  the  Cleve- 
land, Cincinnati,  Cliicago  &  St.  Louis. 

Robert  B.  Cable,  recently  on  the  Philadelphia  &  Reading, 
has  been  appointed  General  Manager  of  the  Jacksonville, 
Tampa  &  Key  West  Railroad  in  Florida. 

W.  F.  Donovan  has  been  appointed  General  Manager  of  the 
Yale  «S:  Towne  Manufacturing  Company  in  place  of  Schuyler 
Merritt,  the  last-named  gentleman  remaining  with  the  Com- 
pany as  Secretary. 

William  Voss,  formerly  Master  Car-Builder  of  the  Burling- 
ton, Cedar  Rapids  &■  Northern  Railroad,  and  later  with  the 
Fdk  Solid  Pressed  Steel  Company,  is  now  Master  Car- Builder 
of  the  Illinois  Steel  Company. 

General  John  Newton,  of  New  York,  has  been  appointed 
Consulting  Engineer  to  the  Board  of  Trustees  of  the  Chicago 
Sanitary  District,  and  will  have  charge  of  the  location  and  con- 
struction of  the  proposed  drainage  canal. 

Chief  Constructor  T.  D.  Wilson.  U.  S.  N.,  has  been  ap- 
pointed Chief  of  the  Bureau  of  Construction  and  Repair  for  a 
third  terra  of  four  years.  It  is  unusual  for  the  Chief  of  a  bureau 
in  the  Navy  Department  to  serve  more  than  two  terms,  and 
Mr.  Wilson's  reappvointment  is  therefore  a  compliment  to  him, 
which  will  meet  with  general  approval. 

Leon  G.  Bagley  has  been  appointed  Railroad  Commissioner 
of  Vermont  by  the  Governor  of  the  State.  Mr.  Bagley  began 
life  as  a  messenger  boy  in  St.  Johnsbury,  Vt  ,  and  rose  to  be 
Station  Agent  in  that  town.  He  subsequently  removed  to  Rut- 
land and  was  made  Manager  of  the  Western  Union  Telegraph 
office  there,  but  was  afterward  in  the  marble  business  and  more 
recently  General  Manager  of  the  New  England  Insurance  Com- 
pany. His  appointment  to  the  Railroad  Commission  as  a  busi- 
ness man  was  strongly  endorsed. 

Charles  Francis  Adams.  Jr.,  has  retired  from  the  office  of 
President  of  the  Union  Pacific  Company,  in  consequence  of  the 
recent  changes  in  the  controlling  interest  in  the  stock.  Mr. 
Adams  has  been  for  a  number  of  years  recognized  as  one  of  the 
foremost  authorities  on  railroad  subjects.  There  has  been  a 
disposition  in  certain  quarters  to  criticise  Mr.  Adams'  manage- 
ment of  the  Union  Pacific  as  not  practical,  but  this  is  certainly 
not  warranted,  nor  would  such  a  position  be  taken  by  any 
one  who  knew  the  real  condition  of  the  Company  when  he  was 
placed  at  its  head.  Few  men  have  held  a  more  difficult  posi- 
lion  than  that  he  was  called  upon  to  fill  ;  and  it  may  be  added 
that  few  could  have  fifled  it  as  he  did. 

Commodore  Charles  H.  Loring,  U.S.N.,  was  placed  on  the 
retired  list  of  the  Navy  December  18,  having  leached  the  statu- 
tory age  of  62  years.     He  has  seen  39  years  of  continuous  and 


honorable  service.  He  began  his  service  in  1851,  when  he  was 
appointed  Third  Assistant  Engineer  and  assigned  to  the  steam 
sloop  yi:7//«  Hancock.  From  that  time  untd  he  saw  his  last  sea 
service  as  Fleet  Engineer  of  the  Asiatic  Squadron,  he  served 
on  all  the  principal  ships  of  the  Navy,  including  the  Princeton, 
St.  Louis,  Cincinnati,  Susquehanna,  Menimae.  and  Minnesota. 
He  rose  gradually  to  the  rank  of  Chief  Engineer,  and  in  1884 
was  made  Chief  of  the  Bureau  of  Steam  Engineering.  In  i833 
he  was  relieved  by  Commodore  Melville,  and  has  since  been  on 
duty  as  President  of  the  Experimental  Board,  with  headquarters 
at  the  Brooklyn  Yard. 


PROCEEDINGS   OF  SOCIETIES. 


American  Society  of  Civil  Engineers. — At  the  regular  meet 
ing  in  New  York,  December  3,  the  Secretary  announced  the 
death  of  Thomas  J.  Whitman,  St.  Louis,  Mo.,  formerly  Vice- 
President  of  the  Society.  Amendments  to  the  Constitution  and 
a  report  prepared  by  the  Committee  on  Revision  were  ordered 
printed  and  sent  out.  The  Secretary  read  a  list  of  a  number  of 
nominations  which  had  been  made  for  office. 

Mr.  J.  A.  Hall  read  an  interesting  paper  on  the  Construction 
and  Maintenance  of  Track,  giving  his  own  opinions  and  meth- 
ods of  practice,  with  a  view  to  drawing  out  general  discussion 
upon  the  same. 

The  tellers  announced  the  following  elections:  Members: 
George  H.  Kimball,  Cleveland,  O.:  H.  M.  Marshall,  Vicks- 
burg,  Miss.;  James  Orange,  Hong-Kong,  China  ;  William  A. 
Pike,  Minneapolis.  Minn.;  T.  M.  Rood,  Mechanicville,  N.  Y.; 
William  L.  Scaife,  Pittsburgh,  Pa.;  George  C.  Smith,  Monte- 
video, Uruguay  ;  R.  Watkins,  Sydney,  N.  S.  W. 

Juniors :  William  H.  Chadbourne,  Chadbourn,  N.  C;  A.  C. 
Stites,  Kansas  City.  Mo.;  C.  Davis,  C.  H.  Dean,  New  York 
City.  

Civil  Engineering  Society  of  the  Massachusetts  Insti- 
tute of  Technology. — At  the  21st  regular  meetmg,  in  Boston, 
November  20,  Mr.  H.  C.  Bradley  read  a  paper  on  the  Erection 
of  Iron  Bridges,  and  C.  W.  Sherman  one  upon  the  Disposal 
of  Sewage  at  Worcester,  Mass.  An  informal  discussion  of  the 
methods  of  disposing  of  sewage  sludge,  the  propagation  of 
disease  germs  through  water,  and  the  various  uses  of  chemical 
filtration  closed  the  meeting. 


New  England  Water-Works  Association. — At  the  quar- 
terly meeting  in  Boston,  December  10,  President  Noyes  made 
a  short  address.  Professor  Niles  then  made  an  address  on 
Climatic  Variations  in  their  Relations  to  Water  Supply,  which 
contained  many  interesting  facts. 

Mr.  Desmond  Fitzgerald  gave  some  details  of  the  new  reser 
voirs  at  Covington,  Ky.     Mr.  Solon  Allis  read  a  paper  giving 
an  account  of  the  replacing  of  some  cement-lined  pipe  at  Mai- 
den, Mass.,  by  cast-iron  pipe.     Several  other  members  spoke 
of  the  replacing  of  the  cement-lined  pipe  in  different  places. 


Connecticut  Association  of  Civil  Engineers  &  Survey- 
ors.— At  a  meeting  held  in  East  Berlin,  Conn.,  November  29, 
E.  O.  Goss  and  W.  E.  Johnson  were  elected  members. 

The  report  on   Dam  Legislation   prepared  by  a  special  com 
mittee,  was  discussed  at  some  length.     Mr.  C.  M.  Jarvis  made 
an  address  on  Bridge  Construction,  and  Mr.  C.  H.  Bunce  read 
a  paper  on  Asphalt  Pavements,  which  was  discussed. 


Master  Car-Builders*  Association. —The  Committee  on 
Air- Brake  Standards  has  issued  a  circular  containing  the  ques- 
tions below,  which  members  are  asked  to  answer,  sending  their 
replies  to  the  Chairman,  Mr.  John  S.  Lentz,  at  Packerton,  Pa. 

"  How  many  freight  equipment  cars  have  you  equipped  with 
M.  C.  B.  standard  air-brake  details, /^flr//Va//j' like  those  shown 
in  Plate  X,  Proceedings  1890? 

"  How  many  of  the  same  cars  are  equipped  with  iron  brake- 
beams  ? 

"  How  many  freight  equipment  cars  have  you  equipped  witli 
iron  brake-beams,  and  with  brake  details  different  from  those 
above  mentioned  ? 

"  Do  you  think  that  good  results  can  be  had  and  maintained 
by  any   form   of    wooden   brake-beam   with   modern  air-brake 
equipment,  or  do  you  consider  that  iron  brake-beams  are  neces 
sary  for  good  results  and  economy  ?*' 


Engineers'  Club  of  Philadelphia.— At  the  regular  meeting, 
November  15,  Mr.  Robert  J.  Parvin,  at  the  hands  of  the  Secre 
tary,  presented  a  handsome  pointer  to  the  Club,  to  be  used  in 
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xplaining  the  large  illustrations  often  presented  at  the  meet- 

es      It  was  received  with  a  vote  of  thinks. 

The  Secretary  called  attention  to  the  question  of  contributions 
to  the  Club  subscription  to  the  proposed  Engineering  Head- 
quarters and  Congress  at  the  World's  Fair  in  Chicago. 

The  Secretary  presented,  for  Mr.  R.  Taylor  Gieaves,  a  de- 
scription of  Continuous  Rails  for  Railways,  which  are  carried 
upon  ordinary  lies  of  wood  or  iron  weighted  down  with  a 
covering  of  earth,  gravel  or  stone,  so  that  they  cannot  easily 
move.  The  spikes  are  not  driven  home  by  three-eighths  of  an 
inch,  so  that  undulations  may  take  place  in  the  rail  without 
disturbing  either  spikes  or  ties,  and  arrangements  resembling 
turnouts  are  put  in  at  fixed  points,  such  as  frogs,  and  at  the 
foot  of  heavy  grades,  for  the  purpose  of  admitting  of  longi- 
tudinal motion. 

After  some  discussion  of  this  paper  the  meeting  adjourned 

to  lunch. 

At  the  regular  business  meeting,  December  6,  a  letter  was 
presented  from  Captain  S.  C.  McCorkle,  accompanying  the 
latest  chart  issued  by  the  Coast  Survey  of  Alaska,  mentioning 
it  in  connection  with  the  proposed  railroad  to  Russia  by  way  of 
Behring  Straits. 

It  was  ordered  that  a  Committee  of  three  be  apf>ointed  to 
consider  the  best  means  of  increasing  interest  in  the  Club  and 
its  meetings. 

Mr.  John  E.  Codman  presented  notes  on  the  Rainfall  in  the 
Vicinity  of  Philadelphia  in  1S89,  referring  to  the  extraordinary 
storms  of  that  year  and  giving  a  description  of  the  automatic 
rain  gauge  used  by  the  Philadelphia  Water  Department. 

Mr.  Strickland  L.  Kneass  presented  a  paper  on  the  Internal 
Condition  of  an  Elastic  Fluid  During  Discharge  Through  an 
Orifice.  This  paper  described  a  number  of  experiments  taken. 
These  consisted  of  observations  taken  from  a  brass  tube  0.3  in. 
in  diameter,  pierced  by  seven  small  holes.  Upon  these  were 
placed  pressure  gauges,  and  the  tension  of  the  steam  was  ob- 
tained at  seven  ditTerent  points  of  the  tube  ;  from  this  data  was 
determined,  and  graphically  shown,  the  velocity  of  the  steam 
at  every  point  of  expansion  between  initial  and  terminal  pres- 
sures. 

The  phenomena  of  discharge  under  some  conditions  were 
peculiar  ;  one  experiment  showed  an  actual  tension  of  the  steam 
from  5  to  7  lbs.  below  atmospheric  pressure,  even  though  the 
tube  was -discharging  freely  into  the  air. 

The  paper  closed  with  a  description  of  a  nozzle  proportioned 
upon  the  theory  of  constant  acceleration. 

Mr.  Wilfrid  Lewis  presented  a  description  of  a  new  Feed 
Ratchet  invented  by  him. 

Engineers'  Club  of  Cincinnati. — At  the  November  meeting 
of  the  Club  there  was  an  attendance  of  29  members  and  several 
visitors. 

One  application  for  membership  was  received  and  three  new 
members  were  elected  :  Messrs.  H.  C.  Innes,  H.  E.  Warrington 
and  Percy  Jones. 

The  paper  for  the  evening,  by  Mr.  John  W.  Hill,  under  the 
title  of  Some  Remarks  upon  Water  and  Sewerage  Works  from 
a  Sanitary  Standpoint,  treated  at  some  length  the  important 
subjects  of  proper  and  sufficient  water  supply,  drainage,  and 
sewerage  and  garbage  disposal. 


Civil  Engineers'  Club  of  Cleveland.— At  the  regular  meet- 
ing, December  9,  Professors  Harry  F.  Reid,  Boswell  C.  Miller- 
Arthur  Sketls,  and  Messrs.  David  Owen  and  Boswell  H.  St. 
John  were  elected  active  members.  Mr.  King,  of  Norwalk, 
O.,  was  invited  to  address  the  Club,  and  explained  some  of  the 
methods  used  and  discoveries  he  had  made  in  pure  mathematics. 
Then  followed  a  discussion  of  the  Injurious  Effects  of  Cement 
on  Lime  Mortar,  which  was  opened  by  Mr.  C.  O.  Arey  and 
P'"^'^'Pated  in  by  Messrs.  Richardson,  Eisemann.  and  Hermann. 
h  A  K  "°''"^  '"  buildings  that  lime  mortar  to  which  cement 
had  been  added  was  weaker  and  not  as  hard  as  that  in  which 
no  cement  had  been  used.  Mr.  Thompson  had  noticed  that 
cement  mortar  had  failed  to  produce  a  bond  between  limestones 
When  the  same  mortar  would  form  an  excellent  bond  with 
sandstones.  Mr.  Morse  had  seen  buildings  taken  down  where 
nrst  rate  results  were  shown  with  the  cement  lime  mortar.  The 
present  practice  among  Cleveland  architects  appears  to  be  to 
use  clear  cement  mortar  or  clear  lime  mortar,  except  in  freezing 
weather,  when  a  little  lime  is  added  to  cement  mortar  to  pre- 
vent freezmg  before  setting. 

Professor  C.  L.  Saunders  then  read  an  interesting  paper  on 

1  ransm.ss.on  of  Power  by  Belt  and  Rope,  giving  an  account  of 

nM^^"V?P'"°^*^'"*^"^*"^  ^he  various  substitutes  that  are  used 

instead  of  leather  belts,  the  means  taken  to  prevent  slip,  some 


of  which  are  more  than  worthless,  diminish  friction,  and  never 
increase  their  efficiency  and  reduce  the  expense.  This  was 
followed  by  a  discussion  by  Messrs.  Mordecai,  Roberts.  Barber, 
Swasey.  Eisemann,  Bowler,  Benjamine,  and  Hermann.  Mr. 
Swasey  mentioned  a  patent  coupling  which  seems  to  be  very 
efficient,  and  for  turning  anglers  an  excellent  substitute  for  a 
twisted  belt,  but  thinks  that  the  day  of  the  leather  belt  is  by  no 
tneans  past.  Mr.  Benjamine  stated  that  a  crossed  belt  has  but 
90  per  cent,  of  the  efficiency  of  a  straight  one,  with  one  turn 
only  80  per  cent.,  and  with  one-quarter  turn  and  a  guide  pulley 
less  than  30  per  cent.  Messrs.  Eisemann  and  Bowler  mentioned 
cases  where  ropes  had  been  discarded  and  belts  substituted  on 
account  of  expense.  Mr.  Hermann  thought  this  was  caused  by 
a  defect  in  design  or  workmanship.  Mr.  Roberts  thought  that 
with  slow- moving  belts  the  atmosphere  had  but  little  to  do  with 
slip  and  resistance,  but  since  the  advent  of  the  dynamo  and  a 
belt-speed  of  over  6,000  ft.  per  minute  this  requires  more  study. 

Perforated  beltsappear  to  have  done  good  service,  and  boring 
holes  through  the  pulleys  seems  to  have  been  of  great  advantage. 

Mr.  Benjamine  states  that  a  belt  with  a  velocity  of  over  6,000 
ft.  per  minute  requires  the  most  careful  balancing  in  all  its  parts 
to  increase  efficiency  and  prevent  injury  from  its  great  centrif- 
ugal force. 

Engineering  Association  of  the  Southwest. — At  the  an- 
nual meeting  in  Nashville,  Tenn.,  November  13,  the  Secretary, 
Professor  O.  H.  Landreth,  reported  a  total  of  loi  members  of 
all  classes.  The  total  receipts  were  $602  and  the  balance  on 
hand  $377.  Ten  meetings  were  held  during  the  year,  and  10 
papers  were  read. 

The  annual  address  of  the  retiring  President,  Mr.  John  Mc- 
Leod,  was  read.  It  was  a  valuable  and  interesting  summary  of 
the  general  development  of  engineering  during  the  year. 

The  following  officers  were  elected  for  the  ensuing  year  :  Presi- 
dent, John  B.  Atkinson  ;  Vice-Presidents,  William  L.  Dudley 
and  Charles  Hermany  ;  Secretary,  O.  H.  Landreth,  Nashville, 
Tenn.;  Treasurer,  W.  B.  Ross. 


Western  Society  of  Engineers. — At  the  regular  meeting, 
in  Chicago,  December  3,  reports  were  received  from  the  com- 
mittees on  Annual  Meeting  and  on  Nomination  of  Officers. 

Mr.  Otis  K.  Stuart  read  a  paper  explaining  the  construction 
of  De  Bausset's  Air  Ship. 


Engineers*  Club  of  St.  Louis. — At  the  regular  meeting,  No- 
vember 20th,  Professor  J.  B.  Johnson  read  a  long  paper  on 
Aerial  Navigation,  which  was  briefly  discussed  by  members 
present. 

At  the  annual  meeting,  December  3,  the  Secretary  presented 
his  report,  showing  a  total  of  179  members.  There  were  22 
meetings  held  during  the  year,  at  which  22  papers  werenead. 
The  Executive  Committee  presented  a  report  showing  total 
expenditures  of  $1,529,  and  giving  an  attractive  programme  of 
papers  promised  for  the  meetings  of  the  year.  The  standing 
committees  also  presented  their  reports. 

The  Nominating  Committee  presented  the  following  names 
for  officers  for  the  ensuing  year  ;  President,  George  Burnet  ; 
Vice-President,  N.  W.  Eayrs  ;  Secretary,  Arthur  Thacher ; 
Treasurer,  C.  W.  Melcher  ;  Librarian,  J.  B.  Johnson  ;  Direct- 
ors, F.  E.  Nipher  and  S.  Bent  Russell. 

Mr.  J.  A.  Seddon  read  a  paper  oh  Economic  Dimensions  of 
Settling  Reservoirs,  the  discussion  of  which  was  adjourned  to 
the  January  meeting. 

\ 
Montana    Society   of    Civil    Engineers. — At   the    regular 

meeting  in  Helena,  Mon.,  November  15,  Henry  J.  Horn,  Jr., 
was  elected  a  member.  It  was  resolved  to  appoint  a  delegate 
to  represent  the  Society  on  the  General  Committee  to  arrange 
for  the  International  Engineering  Congress  in  Chicago,  in  1893. 
A  change  in  the  time  of  meeting  was  discussed.  Committees 
were  appointed  to  arrange  for  the  annual  meeting  to  beheld 
January  17,  and  to  nominate  officers  for  the  ensuing  year. 


Northwestern  Track  &  Bridge  Association.  —At  the  regu- 
lar meeting  in  St.  Paul,  November  14,  there  was  a  paper  read 
on  Pile  and  Trestle  Bridges,  by  Mr.  An\os.  This  was  followed 
by  an  extended  discussion,  in  which  notes  of  practice  on  differ- 
ent roads  were  given. 

Mr.  McMillan  read  a  paper  on  Discipline  and  Management 
of  Trackmen,  which  was  followed  by  a  short  discussion. 
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NOTES   AND    NEWS. 


Railroad  Gauges. — The  Engineer  says  that  no  less  than  39 
different  railroad  gauges  seem  to  have  been  in  use  between 
1880  and  i88g. 

Old  Rolling  Stock  for  Sharp  Curves.— The  accompanying 
illustrations,  trom  the  London  Engineer,  show  one  of  the  loco- 
motives in  use  on  the  Paris-Sceaux-Limours  Railroad,  a  subur- 
ban line  40  km.  (24.86  miles)  long.  Fig.  2  is  an  inverted  plan 
showing  the  radial  arrangement  adopted  for  the  cars,  and  the 
method  of  coupling.  The  draft  from  the  axles  and  not  from 
the  car  body  is  somewhat  similar  in  type  to  the  device  in  use 
on  the  elevated  roads  in  New  York.  The  railroad  is  being 
reconstructed,  and  will  hereafter  be  worked  with  rolling  stock 
of  the  ordinary  French  type. 

Constructed  in  1848,  the  line  was  conceded  to  the  Paris- 
Orleans  Company  in  1866,  and  this  date,  along  with  the  name 


but  different  in  detail.  In  place  of  the  swivel  or  locking  car 
riage  a  section  of  a  circle  is  fixed  to  the  ends  of  the  leading  and 
trailing  journals,  and  these  curved  brackets  support  the  spiing 
blocks  above.  Although  free  to  turn  within  the  radius  allowed 
by  the  frame  pivoted  under  the  center  of  the  engine  frame,  the 
trucks  each  carry  a  set  of  four  guard  wheels  with  beveled 
edges,  which  are  mounted  at  an  angle  of  about  25  with  the 
inner  edge  of  the  rails,  and  really  guide  the  bearing-wheels 
more  than  the  flanges  on  the  latter.  The  driving-wheel  treads 
are  without  flanges,  iif  in.  on  the  face  of  the  tire.  To  permit 
the  necessary  clearance  required  by  the  oblique  guide-wheels 
the  switch-points  with  butt  ends  have  a  clear  displacement  of 
about  5  in.  However  well  this  engine  has  been  suited  to  the 
special  requirements  of  the  line — which  has  at  least  one  gradi- 
ent of  I  in  50 — the  cost  of  maintenance  due  to  such  curves, 
and  the  disadvantage  of  the  gauge  restricting  intercommunica- 
tion with  other  lines,  have  decided  the  engineers  to  adopt  the 
standard    gauge  ;     the    ordinary     arrangement     for    terminal 


of  M.  M.  V.  Forquenot — late  Chief  Engineer  of  Traction  of 
that  company-  is  borne  by  the  name  plates  of  many  of  these 
engines.  Being  built  at  Ivry — the  Pans  shops  <-f  the  Orleans 
line— these  engines  might  be  supposed  to  resemble  the  standard 
designs  of  that  road  :  but,  instead,  they  have  rfinained  d'ffer 
entiated  distinctly  in  their  characteristics  from  any  regular 
French  locomotives.  The  peculiarities  of  the  Limrurs  Rail- 
road is  that  the  gauge  is   i  75  m.  (5  ft.  S.S  in.).     The   terminal 


stations  ;  the  regular  fi.xed-base  four-wheel  coach,  and  a  rigid- 
wheel  locomotive  of  special  design  more  powerful  than  the 
present,  and  which  should  haul  a  greater  number  of  coachf  s, 
since  the  new  ones,  it  is  said,  will  differ  very  little  in  weight 
from  those  now  used — 15,400  lbs.  At  present,  the  best  time 
made  between  stations  averages  only  34  miles  an  hour,  although 
40  miles  per  hour  are  made  occasionally.  On  the  25-meter 
curves    tlie    trains'  are    regulated    to    nine  miles,   and  on   the 


stations  at  Paris,  Sceaux,  and  Limours  are  circular  in  form,  the 
two  tracks  entering  into  a  single  loop  of  Si  ft.  radius,  making 
an  endless  railroad,  and,  in  addition,  between  Bourg-la-Reine 
and  Sceaux  there  exists  an  S  curve  along  the  ridge  of  a  valley 
having  one  curve  of  the  same  radius. 

Under  these  conditions,  the  rolling  stock,  which  has  been  in 
use  so  many  years,  is  also  peculiar,  and  perhaps  not  readily 
understood  when  we  think  of  the  numerous  radial  contrivances 
in  use  to-day.  The  small  cars  are  carried  on  four  wheels,  each 
axle  being  free  to  swivel  around  under  a  circular  frame  beneath 
the  carriage  body,  an  arrangement  analogous  to  that  of  an 
ordinary  road  vehicle,  but  each  axle-frame  is  connected  by  a 
central  pole,  and  two  diagonal  rods  from  the  periphery  of  each 
side  of  the  leading  frame  cross  to  the  opposite  side  of  the  next 
circular  frame,  by  which  means  leading  wheels,  turning  inward 
to  the  left,  cause  the  following  pair  to  turn  equally  outward  to 
the  right,  and  the  long  hallow  bar  attached  to  this  last  steers 
the  first  axle  of  the  following  vehicle  in  the  same  circular 
course — this  pole  being  at  once  the  coupler,  draw-bar.  and 
springless  buffer.  Thrs  axle  radiating  arrangement  has  been 
patented  and  repatented  in  England.  Naturally  there  is  no 
strain  of  traction  whatever  upon  the  car  bodies  themselves. 
For  the  engine  the  radial  movement  is  of  the  same  principle. 


longer  deflections  to  19  miles  per  hour,  and  on  account  of  this 
low  speed  the  super-elevation  of  the  outer  rail  is  really  less  than 
adopted  for  ordinary  short  curves.  A  full  train  consists  of  15 
cars,  weighing  about  100  tons  without  the  locomotive. 

Brooklyn  Bridge  Traffic. — In  accordance  with  the  yearly 
custom,  a  careful  count  of  the  passengers  crossing  the  Brooklyn 
Bridge  was  made  on  Tuesday,  November  25.  The  total  num- 
ber was  133,040,  an  increase  of  13,212,  or  about  11  per  cent., 
over  the  number  on  the  counting  day  last  year.  The  average 
was  5,543  per  hour,  but  the  distribution  was  very  uneven,  as 
might  be  supposed.  The  smallest  number  counted  as  crossing 
in  an  hour  was  379,  between  2  and  3  a.m.;  the  largest,  17, 53^ 
between  5  and  6  p.m.  The  larger  number  gives  an  average  of 
292  a  minute,  which  gives  some  idea  of  the  rush  in  busy  hours. 

The  number  of  vehicles  also  fluctuated  very  much,  the  small- 
est number  in  an  hour  being  23  between  i  and  2  a.m.;  the 
largest  436 — over  7  per  minute — between  4  and  5  P.M. 

Combined  Engine  and  Dynamo. — The  accompanying  illus- 
tration shows  a  combined  engine  and  dynamo,  which  is  one  of 
a  set  of  three  recently  completed  for  the  Birmingham  Post 
Office.     The  engine  is  by  Messrs.  Willans  &  Robinson,  Lim- 


Vol.    LXV,  No.  I.] 


ENGINEERING    JOURNAL.      ^ 


47 


itcd,  of  Thames  Dillon,  and  is  designed  lo  develop  80   H.P. 

at  4=;o  revolulions.  r.i.ii-  r 

Th-  dynamo  is  built  by  Messrs.  Johnson  &  Phillips,  of 
IJnio'i  Court,  London.  The  design  is  that  of  Mr.  Gisbert 
KaOD  The  output  is  112  volts  and  450  amperes  at  450  revo- 
lutions per  minute.  The  armature  is  of  the  drum  type,  the 
core  being  buill  up  of  iron  disks.  The  end  connections  are 
arranged  according  to  a  patent  of  Mr.  Kapp's.  The  connectors 
form  a  compact  mass,  which  is  put  together  independently,  and 
then  put  on  the  armature  like  a  commutator.  The  connectors 
are  semicircular  punchings  of  sheet  copper,  with  a  lug  at  each 
end  These  lugs  are  bent  right  and  left,  forming  when  Ihe 
connection  is  built  up  circular  rows,  to  which  the  ends  of  the 
armature  bars  are  attached.  The  field  magnets  have  15,400 
ampere  turns  in  the  shunt,  and  6,600  in  the  main  ;  and  about 

1.094  watts  in  the  two  together.     The  armature  is  15  in.  in 
diameter,  and  has  102  external  conductors,  and  full  load  loss  of 

1.095  watts.  ,  .         , 
Elaborate   tests    have    been    earned    out   to   determine    the 

efficiency  of  the  combined  set.     The  water  used  in  one  hour 

was  1,700  lbs.;  the  indicated  horse-power,  79.7  ;  and  the  elec- 


grass.  The  course  of  a  torrent  is  divisible  into  three  stages  : 
the  collecting  basin,  the  outflow  gorge  and  the  settling  bed  in 
the  form  of  a  cone,  in  which  the  eroded  matter  brought  down 
by  ihc  current  is  deposited.  The  valley  of  the  Barcelonneite 
presents  one  of  the  most  complete  types  of  torrents.  The 
Rion-Bourdoux  dam  is  the  most  impoitant  of  those  in  the  val- 
ley. Its  cone  of  deposit  of  the  torrent  covers  an  area  of  600- 
acres — an  area  of  desolation.  The  dam  is  26^  ft.  high  above 
the  bed,  and  has  a  width  of  274  ft.  The  crown  is  10^  ft.  thick, 
and  the  wall  slopes  at  the  rate  of  i  in  5  to  the  bottom.  The 
foundations  are  iSJ  ft.  thick  and  I4f  ft.  deep.  The  crown  of 
the  dam,  in  horizontal  plan,  forms  a  circular  arc  of  170^  ft. 
radius.  In  elevation  it  presents  a  level  platform  65^  It.  long, 
joined  to  a  circular  arc  at  each  end  of  112  ft.  radius,  having  a 
rise  of  13  ft.  at  each  end,  and  52*  ft.  long.  They  make  a  total 
width  of  170^  ft.,  and  are  finished  with  an  earth  formation  at 
each  end.  The  dam  is  constructed  entirely  of  hydraulic 
masonry  in  very  large  blocks.  It  is  loop-holed  by  five  open- 
ings near  the  bottom,  and  six  smaller  holes  at  a  higher  level, 
for  the  passage  of  water  and  liquid  mud  ;  but  the  lower  open- 
ings alone  are  in  operation,  the  upper  ones  being  stopped  up. 


trical,  67.4.  The  efficiency  of  the  combined  sets  is  84. 6  per 
cent.,  and  the  electrical  efficiency  96  per  cent.,  the  water  con- 
sumption being  27  lbs.  of  steam  per  electrical  horse-power 
hour.  — '/M^«j/r/>j-. 

The  Willans  highspeed  engine  was  described  and  illustrated 
in  the  Journal  for  August,  1889,  page  385. 

* 

Re-afforestation  of  the  French  Alps. — In  a  recent  paper 
on  this  subject  by  M.  L.  Gonin,  an  engineer  who  has  been 
engaged  in  the  work,  some  interesting  particulars  are  given. 
The  fertile  plains  traversed^  by  the  Rhone,  the  Garonne,  and 
their  affluents,  are  frequently  laid  waste  by  the  overflow  of  their 
waters.  The  magnitude  of  the  inundations  has  been  due  prin- 
cipally to  the  increasing  development  of  the  torrents,  especially 
those  of  the  Alpine  departments,  caused  by  the  destruction  of 
the  mountain  forests  and  grass  lands,  and  the  disappearance  of 
the  vegetation  by  which  the  soil  was  protected,  which,  like  a 
sponge,  retained  the  rainfall,  moderated  the  flow  of  the  waters, 
reduced  the  floods,  and  acted  as  a  protection  against  erosion  of 
the  soil. 

As  a  remedy  the  torrents  were  to  be  arrested  at  their  source  ; 
the  materials  removed  by  the  waters  were  to  be  retained  in  the 
valleys  or  defiles  ;  the  formation  of  ridges  and  furrows,  and  the 
generation  of  new  torrents  in  the  bared  places  of  the  hills  had 
to  be  opposed  ;  vegetation  had  to  be  revived  and  protected 
trom  the  sheep  which  find  pasture  in  the  mountains.  To  carry 
out  these  objects,  two  kinds  of  works  were  necessary  :  i.  The 
correction  and  regulation  of  the  torrents  by  establishing  a  sys- 
tem ot  dams  ;  2.  The  replanting  of  the  ground  with  wood  and 


They  are  fenced  at  the  upptr  ends  with  cross  bars  of  iron,  the 
purpose  of  which  is  to  obstruct  the  passage  of  stones,  which 
are  detained  above  the  dam,  and  form  a  solid  and  resisting 
alluvion.  An  alluvion  bed  has  been  formed  by  deposition, 
reaching  upward  of  3,900  ft.  above  the  dam,  the  surface  of 
which  is  inclined  at  the  rate  of  i  in  9  ;  this  deposit  constitutes 
a  vast  platform  which  lends  itself  to  forest  vegetation,  and  to 
the  protection  of  the  plantations  established  on  the  banks. 
Below  the  Rion-Bourdoux  dam  the  correction  is  continued, 
comprising  10  dams  and  a  rectification  of  the  bed. 

Besides  the  great  Bourget  and  Rion-Bourdoux  dams,  there  is 
a  very  large  number  of  smaller  ones.  There  are  masonry  weirs 
generally  of  the  form  of  a  circular  arc  in  plan,  crowned  at  the 
summit  by  a  horizontal  platform  as  wide  as  is  practicable  and 
finished  at  the  ends  with  arcs  of  circles.  The  stream  is  thus 
spread  out  into  a  comparatively  thin  sheet,  and  the  erosive 
force  of  the  fall  at  the  foot  is  minimized.  These  dams  are  in- 
creased in  height  from  time  to  time  in  proportion  as  the  deposit 
above  accumulates.  An  opening  is  made  through  the  wall 
near  the  base  for  the  passage  of  water  with  solid  matter  in 
suspension. 

For  the  smaller  dams,  owing  to  the  want  of  stone,  wood  in 
the  form  of  wattle  fences  and  fascines  is  employed.  According 
to  one  mode  of  construction  two  rows  of  stakes,  in  larch  and 
willow,  are  planted  across  the  bed  of  the  torrent,  with  willow 
branches  interlaced,  forming  the  body  of  the  structure.  The 
stakes  are  bound  together  by  a  longitudinal  timber  laid  horizon- 
tally a  little  below  the  level  of  the  crown.  Behind  the  dam, 
for  its  protection,  a  body  of  earth  and  small  stones  is  placed. 
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which  have  been  referred  to  in  our  columns  ;  the  Forth  & 
Clyde  Canal  in'Scotland  and  the  Escaut  Canal  in  Belgium, 
which  is  to  make  Brussels  accessible  to  large  vessels.  Other 
plans,  which  must  be  considered  as  entirely  on  paper  as 
yet,  not  having  reached  even  the  stage  of  survey  and  loca- 
tion, are  for  a  canal  across  Southern  France  from  Bor- 
deaux to  Narbonne,  to  connect  the  Atlantic  and  the  Med- 
iterranean ;  a  connection  between  the  Black  Sea  and  the 
Caspian  ;  the  White  Sea  Canal  in  Russia  and  the  canaliza- 
tion of  the  Tiber  up  to  Rome.  All  of  these  have  their 
earnest  advocates  among  the  engineers  of  the  countries  in 
which  they  are  planned. 

It  may  be  noted  here,  as  a  curious  illustration  of  French 
feeling  in  the  matter,  that  a  writer  so  well  known  as  M. 
Bellet  refers  to  the  Panama  Canal  as  the  next  great  in- 
teroceanic  connection  which  will  follow  the  Suez  Canal, 
and  adds  :  "  We  do  not  know  that  it  is  necessary  to  con- 
sider as  serious  the  project  of  an  interoceanic  canal  by  way 
of  Lake  Nicaragua." 

To  us  on  this  side  of  the  water  this  looks  like  a  delib- 
erate reversal  of  the  actual  state  of  facts,  but  in  France  it 
seems  that  there  is  a  large  majority  which  still  looks  upon 
the  Panama  Canal  as  certain  of  completion,  and  refuses 
to  recognize  that  substantial  progress  has  been  made  on 
the  Nicaragua  Canal. 


The  new  railroad  mileage  built  in  the  United  States  in 
1890,  according  to  the  figures  collected  by  the  Railway 
Age,  amounted  to  6,080  miles,  which  is  850  miles  more 
than  was  reported  in  1889.  While  the  year  was  not  an  un- 
usual one  in  point  of  railroad  construction,  it  was  fully  up 
to,  and  in  fact  rather  over  the  average,  which  for  the  past 
20  years  has  been  5,700  miles  yearly.  Indeed,  it  has  never 
been  exceeded  largely  except  in  the  three  years  1880,  1883 
and  1888. 

About  one-third  of  the  new  mileage  reported  was  in  the 
South  Atlantic  and  Gulf  States,  where  2,006  miles  are  re- 
ported ;  one-sixth  was  in  the  Southwestern  States,  includ- 
ing New  Mexico  and  Arizona,  and  another  sixth,  1,047 
miles,  in  the  Northwestern  States  beyond  the  Mississippi, 
the  latter  being  chiefly  accounted  for  by  the  large  addi- 
tions made  to  the  mileage  of  the  Northern  Pafcific  and  the 
Great  Northern  Roads.  The  Pacific  Coast  States  make  a 
fair  showing  with  624  miles,  more  than  half  of  which  was 
in  Washington,  while  the  bciilding  in  the  Central  States, 
from  Ohio  to  Wisconsin,  furnished  802  miles.  The  large 
increase  made  in  the  South  is  in  continuation  of  the  work 
of  the  preceding  two  years,  in  both  of  which  that  section 
showed  a  greater  increase  than  in  any  other  part  of  the 
country. 

The  6,080  miles  reported  were  on  ^yj  different  lines,  giv- 
ing an  average  for  each  one  of  only  18  miles,  and  show- 
ing that  a  very  large  proportion  of  the  railroad  building 
done  in  1890  was  on  short  lines  and  branches  of  existing 
roads.  To  only  three  lines,  in  fact,  was  the  addition  more 
than  100  miles,  and  only  a  few  others  report  over  50. 

The  leading  State  in  new  mileage  was  Montana,  in 
which  there  is  plenty  of  room  for  railroads,  and  in  which 
421  miles  were  built,  the  State  profiting  largely  by  the 
rivalry  between  the  Great  Northern  and  the  Northern 
Pacific.  The  other  States  reporting  large  increase  are 
Georgia,  375  miles  ;  Washington,  341  miles  ;  Nortl^Car- 
olina,  309  ;  Texas,  253  ;  Alabama,  253  ;  Pennsylvania,  252  ; 
Virginia,  328  ;  Ohio,  223  ;  Kentucky,  22  ;  Nebraska,  218  ; 


Colorado,  211  miles.    The  States  showing  the  least  mileage 
are  Iowa  and  Nevada,  each  reporting  a  single  mile. 


The  New  York  Aqueduct  Commission  has  approved 
the  report  of  its  Construction  Committee,  recommending 
that  steps  be  taken  at  once  to  build  the  new  Croton  Dam 
on  the  site  recommended  by  the  Chief  Engineer  Fteley. 
Mr.  Fteley's  plan,  as  we  have  heretofore  noted,  provided 
for  the  abandonment  of  the  proposed  great  masonry  dam 
at  Quaker  Bridge  and  the  erection  of  a  smaller  dam 
at  a  point  a  short  distance  below  the  old  Croton  Dam, 
which  would  furnish  storage  capacity  enough  for  a  num- 
ber of  years  to  come,  and  could  be  built  at  a  very  much 
less  cost  than  the  Quaker  Bridge  Dam. 


The  latest  rapid  transit  plan  for  New  York  City  has 
been  presented  by  Mr.  Austin  Corbin,  who  proposes  to 
build  a  tunnel  from  50  to  60  ft.  below  the  surface,  starting 
from  the  Battery,  running  under  Broadway  and  the 
Boulevard,  under  the  Harlem  and  as  far  north  as  Van 
Cortlandt  Park,  near  the  northern  limit  of  the  city.  It  will 
then  turn  eastward  to  Fordham  and  south  along  Third 
Avenue  to  Union  Square,  where  it  will  rejoin  the  line  from 
the  Battery.  Two  loops  or  branches  are  also  proposed, 
one  from  the  Battery  up  the  west  side  of  the  city,  near  the 
Hudson  River,  to  the  main  line  near  Forty-second  Street ; 
the  other  from  the  Battery  up  the  east  side  to  the  Third 
Avenue  line  at  a  convenient  point.  In  connection  with 
this  line  it  is  proposed  also  to  build  a  tunnel  under  the 
East  River  to  Brooklyn  and  one  under  the  Hudson  to  Jer- 
sey City,  connecting  with  the  railroad  stations  there. 

A  deep  tunnel  will  cost  more  to  build  than  a  viaduct  or 
elevated  railroad,  but,  on  the  other  hand,  it  will  not  re- 
quire the  enormous  expenditures  for  right-of-way  and 
damages  to  adjoining  property  which  are  inevitable  with  a 
line  on  the  surface.  As  an  engineering  work  the  tunnel 
is  entirely  practicable. 

It  is  proposed  to  hold  a  celebration  in  Washington  in 
April  next  to  commemorate  the  end  of  the  first  and  the 
beginning  of  the  second  century  of  the  American  Patent 
System,  the  first  patent  having  been  issued  in  April,  1791. 
There  has  been  formed  a  Central  Executive  Committee 
with  an  Advisory  Committee,  including  a  number  of  dis 
tinguished  names,  and  it  is  hoped  that  the  movement  will 
be  seconded  by  the  inventors  of  the  country  and  others 
interested  in  such  a  way  that  the  event  will  be  celebrated 
in  a  fitting  manner.  All  who  desire  to  take  part  or  assist 
can  secure  information  by  writing  to  the  Secretary  of  the 
Executive  Committee,  Mr.  J.  Elfreth  Watkins,  whose  ad- 
dress is  at  the  United  States  National  Museum,  Washing- 
ton. 

In  this  connection  it  is  proposed  to  organize  a  national 
association  of  inventors,  the  Centennial  Anniversary  being 
considered  an  excellent  time  for  such  a  purpose. 


The  Navy  Appropriation  Bill,  as  reported  by  the  House 
Committee  in  Washington,  makes  provision  for  only  one 
new  vessel,  and  that  is  a  triple-screw  protected  cruiser  of 
7,350  tons  displacement,  to  cost  $2,750,000  without  arma- 
ment. This  vessel  presumably  is  to  be  a  companion  to 
Cruiser  No.  12.  The  bill  provides  for  an  appropriation  of 
$960,000  for  the  equipment  of  new  ships  and  $4,000,000 
for  their  armament,     The  amount  provided  for  the  con- 
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struction  of  ships  and  machinery  already  authorized  is 

$11,607,000. 

A  provision  in  the  bill,  as  reported,  allows  the  Secretary 
to  use  $100,000  of  the  amount  appropriated  at  the  last  ses- 
sion for  nickel  ore  to  make  tests  in  the  development  of 
American  made  armor-plates.  An  interesting  item  in  the 
bill  provides  $25,000  for  equipment  and  arms  for  naval 
militia  in  the  various  States,  this  allowing  the  Secretary 
to  provide  for  the  naval  reserve. 


The  last  Board  of  Experts  which  has  been  considering 
the  question  of  the  Brooklyn  Bridge  traffic  has  made  a 
report  recommending  a  plan  for  the  arrangement  of  the 
terminals,  so  as  to  increase  the  capacity  of  the  bridge  rail- 
road. The  experts  consider  that  the  use  of  the  loop  or  con- 
tinuous track  system  for  the  New  York  terminal  is 
rendered  impossible  on  account  of  the  enormous  cost  of 
obtaining  sufficient  real  estate,  and  their  plan  is  substan- 
tially for  the  enlargement  of  the  present  system,  providing 
additional  platforms  and  additional  switching  tracks,  so 
that  the  number  of  trains  may  be  increased.  The  experts 
believe  that  with  these  arrangements  the  headway  be- 
tween these  trains  can  be  reduced  to  45  seconds,  increas- 
ing the  capacity  of  the  railroad,  with  four-car  trains,  from 
16,000  to  32,000  passengers  per  hour.  This,  they  think, 
will  be  sufficient  to  provide  for  the  traffic  for  some  years 
to  come.  It  is  not  understood  that  they  recommend  this 
as  the  best  possible  arrangement,  but  only  as  the  best 
attainable  under  existing  circumstances. 


THE    DISCOMFORTS    OF    RAILROAD    TRAVEL. 


In  an  admirable  essay  on  Organization  in  Daily  Life,  the 
Author,  Sir  Arthur  Helps,  said  : 

If  you  want  to  improve  the  administration  of  railways,  I  will 
tell  you  how  .to  do  it.  Look  out  for  a  very  ingenious,  sickly 
man,  with  a  large  family,  and  give  him  ;^ 4,000  a  year  as  an  in- 
spector of  railways.  Let  him  make  short  reports,  in  good  Eng- 
lish, of  his  sufferings  on  the  different  railways,  specifying 
names,  dates  and  every  particular.  He  must  be  bound  to 
travel  occasionally  with  his  whole  family,  in  the  depth  of  win- 
ter. We  do  not  knowiof  their  sufferings  sufficiently  in  detail.  An 
ordinary  person  would  be  ashamed  to  describe  these  minutije  ; 
but  it  must  be  this  man's  business.  Besides,  seriously  speak- 
ing, he  would  meet  with  great  differences  of  treatment.  One 
thmg  is  well  managed  on  this  railway,  another  on  that.  He 
would  be  able  to  praise  as  well  as  to  blame.  There  is  one  rail- 
way I  know  of  on  which,  to  my  judgment,  the  coupling  of 
the  carriages  is  not  sufficiently  attended  to.  There  is  another 
railway  on  which  I  have  never  found  the  same  fault.  My  in- 
spector would  tell  the  world  these  things,  and  an  effect  would 
be  produced  upon  the  traffic  of  these  lines. 

Probably  few  of  the  subscribers  of  this  Journal  will 
read  the  above  suggestion  without  feeling  a  desire  to  be 
appointed  such  an  inspector,  not  alone  for  the  salary  of 
£4.000,  but  from  a  sort  of  instinct  of  reform  which  most 
active-minded  people  feel,  and  which  manifests  itself  in 
a  .longing  to  set  those  things  right  which,  in  their  judg- 
ments,  are  going  wrong.  While  such  an  appointment  and 
salaiy  would  not  be  easy  to  get,  any  of  us  may  indulge  in 
the  hypothetical  exercise  of  the  duties  and  privileges  of 
the  office-without  the  salary.  The  writer  has  a  sufficient 
amount  of  overweening  vanity  to  imagine  that  he  has 
some  of  the  qualifications  required  of  such  an  inspector, 
"e  IS  sufficiently  ingenious  to  be  called  a  "  crank."  and 
though  not  exactly  sickly,  he  has  a  digestive  apparatus 
Which  does  not  consume  its  fuel  as  successfully  as  a  loco- 
motive with  a  brick-arch  does.  He  has  not  a  large  family, 
but  he  nurtures  a  brood  of  cares,  anxieUcs,  duties  and 


responsibilities  which  he  takes  with  him  in  his  travels  and 
which  are  perhaps  as  troublesome  as  a  family  would  be. 
He  can  make  a  report  in  English  which  competent  critics 
would  reject  as  a  model  of  style,  but  it  has  the  merit  of 
being  comprehensible.  He  therefore  assumes  the  office  of 
a  self-appointed  inspector  of  railroads,  and  submits  this  his 

FIRST  REPORT. 

Those  of  us  who  have  passed  the  semi-centennial  divide, 
which  separates  the  ascent  from  the  descent  of  life,  can 
remember  when  few  other  luxuries  were  provided  for  rail- 
road travelers  excepting  peanuts  and  ham   sandwiches. 
At  that  time  any  distinction  of  classes  or  persons  when 
traveling,  or  in  the  accommodations  afforded  them,  was 
regarded  with  disfavor.     Foreign  immigration  and  other 
causes  has  since  then  made  such  a  distinction  desirable 
to  those  whose  person,  clothes,  and  language  are  clean  ; 
and  prosperity  has  enabled  many  of  our  countrymen,  and 
not  a  few  of  the  immigrants,  to   pay  for   exclusiveness. 
comfort,  and  luxury.     These  causes  have  created  the  de- 
mand which  enterprising  companies  have  supplied,  and 
now  on  nearly  all  first-class  railroads  some  kinds  of  cars 
are  run  on  both  day  and  night  express  trains  which  are 
intended  to  give  some  degree  of  exclusiveness  and  more 
comfort  and  luxury  than   is  afforded    by  ordinary  cars 
to  those  who  want  it,  and  are  willing  and  able  to  pay 
for  it.     As  remarked,  such  cars  are  intended  to  be  more 
comfortable,  more  luxurious,  and  to  give  more  protection 
from  the  aggressiveness  of  disagreeable  people  than  the 
other  cars  are  or  do,  and  for  such  accommodations  many 
travelers  are   ready  and  willing  to  pay  an  extra  charge. 
The  traveler  pays  so  much  money  for  an  exi>ected  amount 
of  gratification.     The  bargain  is  therefore  a  fit  subject  for 
criticism,  if  he  does  not  get  full  value  for  the  charge  im- 
posed, or  if  the  accommodations  furnished  him  are   at- 
tended with  annoyances  which  disturb  his  serenity  or  de- 
feat the  object  for  which  he  has  expended  his  money.     To 
show  that  there  are  some  such  disturbances  is  the  object 
of  this  report,  in  which  day  travel  will  be  considered  first. 
It  may  be  said  of  this,  with  little  risk  of  contradiction, 
that  one  of  the  chief  reasons  which  leads  many  persons  to 
travel   is   the   pleasure   of   looking   on   new  scenes  or  of 
!'  seeing  the  country."     This  is  especially  the  case  in  those 
sections  where  the  scenery  is  attractive,  but  even  in  other 
regions  the  constant  variety  and  succession  of  scene  is 
diverting   and   supplies   a  quiet  sort    of    entertainment, 
which  requires  no  active  mental  effort  to  enjoy,  and  is  con- 
sequently very  restful  and  recuperates  the  tired  mind  and 
body  to  a  wonderful  degree. 

If,  then,  seeing  the  country  is  one  of  the  chief  objects 
for  which  many  persons  travel,  and  is  a  great  pleasure  to 
all,  it  would  seem  that  to  lose  sight  of  that  object  in  de- 
signing cars,  and  to  arrange  them  so  that  it  is  difficult  and 
uncomfortable  to  see  the  passing  landscape  from  them, 
is  almost  as  senseless  as  any  act  of  human  unwisdom 
could  be.  Nevertheless  in  arranging  the  windows  and 
seats  of  many  drawing-room  cars  apparently  no  thought 
has  been  given  to  the  convenience  or  comfort  of  the 
passengers  in  seeing  out  of  them.  Such  cars  are  often  so 
constructed  that  passengers  are  unable  to  see  out  of  the 
windows  without  either  riding  backward,  or  craning  their 
necks,  or  doing  both  in  a  most  uncomfortable  and  annoy- 
ing way.  Apparently  the  cars  have  been  constructed  and 
the  windows  arranged  without  any  reference  whatever  to 
the  scats,  or,  in  other  words,  the  cars  are  built  first  and 
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the  seats  are  arranged  afterward  in  the  best  way  that  is 
then  possible.  When  the  windows  are  very  wide,  as  they 
arc  in  some  such  cars,  not  only  must  every  alternate  pas- 
senger ride  backward,  but  in  some  of  them  every  third 
passenger  has  a  panel  alongside  of  his  or  her  chair,  so 
that  it  is  difficult  to  see  out  of  the  car  in  riding  either 
backward  or  forward.  The  arrangement  seems  to  be 
especially  designed  for  shutting  out  the  view  of  the 
country  through  which  the  passenger  is  traveling.  The 
persons  responsible  for  such  plans  should  be  obliged  to 
travel  blindfold,  and  not  be  permitted  to  design  or 
sanction  the  design  of  any  new  cars  until  they  had 
learned  enough  mechanical  drawing  to  be  able  to  lay 
out  a  plan  of  a  car  showing  the  seats  arranged  in  some 
sort  of  reasonable  relation  to  the  windows. 

The  reason  for  using  the  large  windows  in  drawing- 
room  cars  is  inscrutable,  and  eludes  the  most  thorough 
investigation  of  common  sense.  They  are  inconvenient 
to  raise  and  lower,  are  more  expensive,  and  do  not  serve 
the  purpose  of  seeing  out  of— which  is  the  main  purpose 
of  windows — as  well  as  those  of  ordinary  size  do.  The 
sole  object  in  using  them  seems  to  be  that  which  induces 
so  many  architects  to  make  the  interiors  of  houses  incon- 
venient and  uncomfortable— that  is,  to  make  them  look 
well  from  the  outside.  Windows  in  cars  are  like  wives 
and  tooth-brushes,  each  man  should  have  exclusively  his 
own. 

The  most  distinctly  luxurious  appliances  which  have 
been  adopted  recently  on  cars  are  vestibules.  For  these 
it  is  claimed  that  they  give  a  clear  passage-way  from  one 
end  of  the  train  to  the  other,  and  that  persons  passing 
from  one  car  to  another  are  not  in  danger  of  falling  off  the 
platforms  nor  exposed  to  the  weather,  and  that  in  addi- 
tion thereto  the  vestibules  increase  the  strength  of  cars 
very  materially  to  resist  collisions. 

The  complaint  has  however  been  made  that  they 
conduct  the  impure  air  from  the  front  cars  to  those 
behind  them,  and  prevent  the  admission  of  fresh  air  be- 
tween them.  The  complaint  is  therefore  very  common  that 
vestibule  trains  are  badly  ventilated.  A  little  of  the 
writer's  experience  some  months  ago  will  illustrate  this. 
In  a  journey  from  Baltimore  to  New  York  he  happened 
to  take  a  trjiin  *'  bearing  this  strange  device"  F.  F.  V. 
Limited,  the'cars  of  which  were  all  vestibuled.  The  train 
seemed  to  be  supplied  with  every  luxury  excepting  fresh 
air.  The  atmosphere  inside  the  cars  at  Baltimore  was 
vile.  After  leaving  there  it  continued  to  grow  viler  and 
more  villainous,  and  odors  rank  of  boiled  chicktn,  ham 
sandwiches,  sulphuretted  hydrogen,  personal  exhalations 
*and  atmospheric  sewage  were  commingled  in  a  nauseating 
mixture.  At  Philadelphia  it  seemed  as  though  the  atmos- 
phere would  no  longer  support  combustion  or  life,  and 
some  of  the  passengers  were  compelled  to  go  out  into  the 
fresh  air  or  incur  the  danger  of  fainting  away.  The 
meaning  of  the  "strange  device"  referred  to  has  been 
deciphered  in  different  ways,  but  the  writer  is  convinced 
that  F.  F.  V.  means  Fright-fully  Ventilated.  For  this 
ventilation,  or  rather  the  want  of  it,  the  vestibules  were  in 
great  measure  responsible.  When  these  are  not  used  a 
little  fresh  air  must  come  in  when  the  doors  are  opened, 
or  it  can  be  admitted  to  better  advantage  by  suitable 
ventilators  at  the  ends  of  the  cars  than  anywhere  else. 
With  the  vestibules  this  supply  is  excluded,  and  instead  the 
first  car  furnishes  air  to  the  second  which  has  undergone 
one  degree  of  vitiation  ;  from  the  second  it  passes  to  the 


third  with  two  degrees  of  contamination,  and  from  the 
third  it  escapes  to  the  fourth  with  three  degrees  of  pollu. 
tion,  until  in  the  last  car  it  is  only  fit  for  railroad  directors 
and  superintendents  to  breathe.  If  we  must  have  vesti- 
bules, give  us  decent  ventilation.  To  have  that  there 
must  be  some  adequate  provision  (or  the  admission  of  a 
constant  supply  of  fresh  air.  This  provision  has  not  been 
made  in  vestibuled  trains,  and  the  ventilation  in  many  of 
them  is  execrably  bad. 

Considering  the  importance  of  ventilation  in  cars  and 
how  much  has  been  said  and  written  about  it,  it  seems 
remarkable  that  so  little  has  been  accomplished  to  im- 
prove it.  When  mankind  fall  into  error  it  is  because  they 
either  believe  something  which  is  not  true  or  do  not  be- 
lieve something  which  is  true.  Now  in  car  ventilation 
the  true  thing  that  is  not  believed  is  the  absolute  need  oj 
furnishing  an  adequate  supply  of  fresh  air  to  keep  the 
atmosphere  in  a  car  pure. 

The  average  car-builder  and  architect  will  always  as- 
sume  that  by  simply  making  a  number  of  holes  in  the  top 
of  a  car  or  apartment  that  the  bad  air  will  escape,  but  he 
never  seems  to  inquire  how  the  fresh  air,  which  must  take 
its  place,  will  get  in.  We  remember  once  seeing  the 
principle  of  ventilation  illustrated  very  forcibly  in  a  car- 
shop.  It  was  found  that  newly  varnished  blinds  for  car 
windows  would  not  dry  unless  a  certain  amount  of  warmth 
was  supplied.  A  close  apartment  or  drying  chamber  was 
then  constructed,  which  was  warmed  with  steam-pipes. 
In  it  the  drying  proceeded  to  a  certain  extent  and 
then  stopped.  Investigation  showed  that  the  air  in  the 
chamber  absorbed  a  certain  quantity  of  the  volatile  con- 
stituents of  the  varnish,  but  would  take  up  no  more  than 
a  given  amount.  If  the  air  which  was  thus  charged  was 
removed  and  a  fresh  supply  was  furnished  the  drying  con- 
tinued, which  led  to  a  system  of  ventilation  by  a  fan, 
which  forced  air  into  the  chamber,  and  that  which  had  ab- 
sorbed some  of  the  component  parts  of  the  varnish  escaped 
through  suitable  openings.  Simply  adding  ventilators  for 
the  escape  of  vitiated  air  was  not  sufficient.  A  constant 
and  certain  quantity  of  that  which  was  fresh  had  to  be  ad- 
mitted to  the  drying  chamber.  The  same  principle 
applies  to  car  ventilation.  There  must  be  an  adequate 
supply  of  fresh  air  to  keep  the  atmosphere  in  a  car  pure. 
Such  a  supply  is  not  ordinarily  furnished  on  the  vestibule 
trains. 

Another  very  common  evil  in  drawing-room  and  sleep- 
ing cars  is  the  location  and  arrangement  of  the  smoking- 
rooms.  It  IS  rare  when  one  of  these  is  at  the  front  end  of 
a  car  that  the  latter  is  not  pervaded  with  the  disagreeable 
odor  of  stale  tobacco  smoke.  Either  the  smoking-room 
should  be  entirely  excluded  from  such  cars  or  some  better 
arrangement  should  be  devised  for  keeping  the  smoke  out 
of  the  rest  of  the  car. 

Further  criticism  must  be  reserved  for  a  future  report. 


THE  RULO  BRIDGE. 


The  Rulo  Bridge:    A  Report  to  Charles E.  Perkins,  Presiiuni 

of  the  Chicago,  Burlington  &>  Quincy  Railroad ;  by  George  S. 

Morison,  Chief  Engineer  of  the  Rulo  Bridge. 

The  title  of  this  book  indicates    its  purpose    without  further 

explanation.      It    is    a    volume    of    70   pages    which    measure 

21^  X  13}   inches.     The   bridge   described   carries   part  of   the 

Chicago,    Burlington  &    Quincy  system    across  the   Missouri 

River  at  Rulo,  which  is  located  in  the  southeastern  corner  of 
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Nebraska,  near  the  point  where  that  Sute,  Kansas  and  Mis- 

I  souri  unite. 

The  Report   of   Mr.    Morison   gives  first  a  history  of    the 
'  bridge!  which  is  followed  by  a  general  description,  from  which 
the  following  extract  is  taken  : 

The  Rulo  Bridge  is  a  single-track  railroad  bridge.  It  con- 
sists of  three  channel  spans  each  375  ft.  long  between  centers 
of  end  pins,  resting  on  four  piers  of  granite  masonry,  at  each 
end  of  which  are  three  125-ft.  deck  spans,  being  separated  by 
iron  towers  25  ft.  long,  making  the  length  of  the  iron  structure 

at  each   end  of  the  channel  spans  425  ft The  entire 

length  of  the  whole  structure  from  end  to  end  of  iron  or  steel 

work  is  1,993  ft The  substructure  comprises  the  four 

granite  piers  which  support  the  channel  span  and  sixteen  small 
cylindrical  piers  which  support  the  towers  which  carry  the  deck 
spans.     These  four  piers  are  built  on  pneumatic  caissons. 

Pier      I.  is  53  ft.  long,  25  ft.  wide  and  18  ft.  high. 
"      II.  "  55     "  27     "         "        18     " 

"    III.  "  55     "  27     "         "        18     " 

"     IV.   "  53     "  25     "         "        30     " 

Full  information  of  the  sinking  of  these  foundations,  and 
elaborate  tables  of  their  cost  and  that  of  the  masonry,  are  giv- 
en. The  cost,  including  freight  on  materials,  for  the  four  piers 
and  their  foundations  was  as  follows  : 

Foundations $220,742.75 

Masonry 121,274  62 


Total  $342,017.37 

Average  cost  of  masonry  per  yard.  $30.49. 

The  superstructure  consists  of  three  through  spans  and  six 
deck  spans,  three  at  each  end.  Each  through  span  is  375  ft. 
long  between  centers  of  end  pins,  50  ft.  deep  and  22  ft  be- 
tween centers  of  trusses.  Expansion  is  provided  at  the  west 
end  of  every  span — that  is,  at  the  upper  end — the  bridge  being 
on  a  grade. 

Each  deck  span  is  125  ft.  long  between  centers  of  end  pins, 
17  ft.  6  in.  deep,  the  trusses  placed  12  ft.  between  centers.  The 
spans  are  separated  by  iron  towers  25  ft.  long,  thus  mak- 
ing each  set  of  deck  spans  with  intermediate  towers  a  continu- 
ous structure  425  ft.  long,  divided  into  17  equal  panels  of  25  ft. 
each. 

The  total  cost  of  the  bridge  was  $1,020,384.75. 

Specifications  for  the  masonry,  daily  record  of  progress  in 
sinking  caissons,  time,  cost  and  materials  used  in  foundationsi 
and  specifications  for  superstructure  are  given  in  full.  This  de- 
scriptive matter  is  followed  by  a  full-page  map  showing  the  lo- 
cation of  the  bridge  ;  a  general  elevation,  plan,  profile  and 
alignment  of  it ;  a  profile  of  stratification  on  bridge  line  ;  five 
full-page  lithographs  showing  the  design  and  construction  of 
the  caissons  and  piers  ;  a  diagram  sho.ving  rate  of  progress  in 
sinking  caissons  and  another  showing  record  of  water-stage  ef 
the  Missouri  River  during  the  construction  of  the  bridge. 
These  are  followed  by  detailed  illustrations  showing  the  clay 
hoist  used  in  laying  the  foundations,  and  a  full-page  lithograph 
showing  the  approach  piers.  Ten  full-page  illustrations  are 
given  representing  the  construction  of  the  superstructure,  and 
the  interesting  volume  concludes  with  a  map  and  section  of  a 
dyke  which  was  built  to  protect  part  of  the  structure. 

The  printing,  paper  and  illustrations  are  admirable,  and 
altogether  the  volume  is  a  model  for  reports  of  this  kind. 


NEW  PUBLICATIONS. 


CiMi.LEN's  Engineers'  Log  Book.    Daily  Runs  for  the  Year. 
(New  York  ;  Howard  Challen.     Price,  75  cents  and  $1.) 

Challen's  Engineers'  Daily  Report.     (New  York  ;  How- 
ard Challen.) 

Every  one  who  has  run  an  engine,  whether  stationary  or 
marine,  knows  the  convenience  and  importance  of  keeping  a 
record  of  the  performance  of  his  engine  from  day  to  day.  so 
In.  ^V*"  .'"^"  ^^"^  and  see  how  it  has  run  at  different  times 
and  under  dififerent  circumstances.     Such  a  record  not  only  gives 


him  a  means  of  making  useful  comparisons,  but  will  serve  to 
show  whether  his  engine  is  doing  the  work  it  ought  to,  and 
whether  the  methods  which  he  is  following  are  the  best  and 
most  economical.  The  Log  Book,  which  Mr.  Challen  has  pre- 
pared and  presented  seems  to  fill  all  the  requisites  of  this  kind. 
It  has,  in  a  size  convenient  to  carry  in  the  pocket  if  necessary,  or 
to  keep  in  any  handy  receptacle  about  the  engfine-room,  a  page 
for  every  week  in  the  year,  each  page  being  ruled  for  seven  days. 
The  headings  in  the  table  give,  besides  the  date,  the  Average 
Pressure,  per  gauge  ;  Hours  Run  ;  Revolutions  ;  Vacuum,  per 
gauge  ;  Piston  Speed,  in  feet  per  minute  ;  Indicated  H.P.;  Ini- 
tial Pressure,  per  indicator  ;  Terminal  Pressure  ;  Temperature 
of  Hot  Well  ;  Temperature  of  Heater;  Water  per  H.P.,  in 
pounds  ;  Fuel  Burned,  in  pounds  ;  Ashes  ;  Oil  Used  ;  Waste 
Used.  One  blank  column  is  left,  and  the  page  facing  the  table 
is  also  left  blank  in  order  that  any  remarks  as  to  special  condi- 
tions etc.,  may  be  entered.  With  this  book  the  engineer  can 
make  up  his  record  in  a  few  minutes  each  day  and  with  very 
little  trouble  to  himself.  The  headings  seem  to  cover  every- 
^thing  that  is  necessary,  and  a  reference  to  any  preceding  page 
will  at  once  give  a  comparison  between  the  performance  of  the 
engine  on  any  two  given  days,  weeks,  or  other  periods  of  time 
which  may  be  chosen.  The  book  is  so  arranged  with  blank 
dates  that  the  record  may  be  begun  at  any  time  during  the 
year.  It  is  at  once  a  saving  arrangement  and  a  diary  which 
ought  to  be  a  necessity  to  every  careful  engineer. 

The  Daily  Report  is  a  somewhat  similar  blank,  but  is  made 
in  pad  form,  so  that  it  can  be  filled  out,  torn  ofi  and  handed  to 
the  proper  person.  It  is  arranged  to  take  in  one  day  only, 
but  has  blanks  for  six  engines  on  each  sheet,  so  that  if  more 
than  one  engine  is  employed  separate  entries  can  be  made  foi 
each.  The  headings  on  this  report  are  :  Time  of  Start  ;  Time 
of  Stop  ;  Hours  Run  ;  Revolutions  ;  Vacuum  ;  Receiver  Pres- 
sure ;  Indicated  H.P.;  Temperature  of  Room  (four  times 
daily)  ;  Temperature  of  Water  (four  times  daily)  ;  Water  per 
H.P.,  in  pounds  ;  Fuel  Burned,  in  pounds  ;  Ashes  ;  Engine 
Oil  Used  ;  Cylinder  Oil  Used';  Waste  Used.  Where  a  report 
of  this  kind  is  required  from  the  engineer  this  blank  seems  to 
cover  all  necessary  points. 

Photographic  Mosaics.  An  Annual  Record  0/  Photographic 
Progress  :  Edited  by  Edward  L.  Wilson.  (New  York  ;  Ed- 
ward L  Wilson.  Price,  paper,  50  cents  ;  cloth,  $1.) 
Interest  in  photography  is  no  longer  confined  to  a  few  pro- 
fessionals. The  use  of  the  camera  has  become  so  common 
that  any  work  of  this  kind  should  command  a  large  number  of 
readers.  Engineers  should  perhaps  be  considered  more  than 
amateurs,  since  many  of  them  find  the  camera  not  merely  an 
amusement  but  a  very  useful  assistant  in  their  work.  Mr. 
Wilson's  Annual  is  a  collection  of  short  chapters  showing  the 
progress  made  in  photography  during  the  year,  giving  notes  of 
new  methods,  hints  to  beginners,  and  other  useful  matters. 
How  much  is  to  be  said  on  this  subject  is  shown  by  the  fact  that 
the  Annual  contains  288  solidly  printed  pages,  about  one-third  ■ 
of  which  are  occupied  by  the  Editor's  account  of  the  progress  of 
the  year,  the  remainder  being  filled  up  by  short  chapters  by 
different  authors,  both  amateur  and  professional,  on  a  great 
variety  of  subjects.  The  beginner  will  find  here  much  matter  to 
help  him  over  his  difficulties,  while  the  expert  will  doubtless 
gather  many  useful  hints. 


Almanack  der  Kriegs-Flotten  (^Naval  Almanac),  1891. 
Prepared  by  the  Editors  of  the  Mitthrilungen  aus  dem  Gebiete 
des  Seewesens  (Vienna  ;  Ceroid  &  Company). 

As  in  previous  issues,  this  little  book  is  a  storehouse  of  con- 
densed information,  and  it  is  really  difficult  to  see  how  more 
facts  in  relation  to  the  navies  of  the  world  could  be  packed  into 
the  same  space.  We  find  in  it  a  number  of  tables  useful  to 
naval  officers  and  engineers  ;  a  brief  account  of  the  artillery 
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adopted  by  different  nations  ;  a  navy  list  for  all  the  nations  of 
the  world  ;  and  134  sketches  or  diagrams  of  armored^  ships, 
showing  the  leading  types  thus  far  brought  into  use. 

The  United  States  does  not  fill  a  very  large  space  in  the  lists, 
but  it  is  gradually  growing,  and  we  find  that  all  our  ships, 
whether  completed  or  under  construction,  are  carefully  recorded, 
with  brief  descriptions  of  their  general  character.  In  the 
sketches  we  are  represented  by  the  Maine,  the  Texas,  the 
Puritan,  the  Terror  and  the  three  new  battle-ships. 

Judging  from  the  examinations  and  comparisons  which  we 
have  been  able  to  make,  the  work  on  this  book  has  been  most 
carefully  and  thoroughly  done,  and  it  will  certainly  be  a  most 
useful  companion  to  a  naval  officer. 


First  Lessons  in  Metal  Working  :  by  Alfred  G.  Comp- 
ton.  Professor  of  Applied  Mathematics  in  the  College  of  the 
City  of  New  York.  (New  York;  John  Wiley  &  Sons. 
Price,  $1.50.) 

This  book  has  been  prepared  by  Professor  Compton  with  the 
purpose  of  making  it  what  its  title  indicates,  and  in  making  it  he 
has  been  guided  by  his  experience  while  in  charge  of  the  work- 
shops attached  to  the  City  College  and  the  course  in  the  Manual 
Labor  Department  of  that  institution.  The  different  chapters, 
or  lessons,  as  they  are  called,  are  on  Metal  Working  Tools  for 
Wrought  and  Cast  Iron  ;  the  Different  Processes  in  Black- 
smithing  ;  Foundry  Work  ;  the  Properties  of  Wrought  Iron 
and  Steel  ;  the  Methods  of  Working  Steel  ;  Chipping,  Drilling, 
Filing  and  Soldering  Metal.  The  Author's  purpose  and  methods 
in  making  up  the  book  can  perhaps  best  be  explained  from  an 
extract  from  his  preface  : 

The  first  year  of  instruction  in  handicraft,  as  experience  in 
the  College  of  the  City  of  New  York  has  shown,  may  be  given 
to  wood-working  or  metal-working  with  about  equal  advantage. 
The  minute  accuracy,  the  acquaintance  with  geometrical  con- 
struction, and  the  habits  of  neatness  and  cleanliness  which  are 
essential  in  the  one,  are  offset  by  the  judgment,  forethought, 
and  artistic  freedom  of  the  other.  Both  constantly  teach  the 
lesson  of  orderly  procedure,  careful  attention  to  instructions, 
and,  where  a  text-book  is  used,  of  minute  and  thoughtful  read- 
ing, such  as  takes  in  the  full  significance  of  every  proposition 
and  every  limitation  of  it.  The  feeling  of  good  fellowship 
which  results  from  struggling  with  the  same  difficulties,  and 
occasionally,  as  in  wood-working,  and  still  more  frequently,  as 
in  forge-work,  lending  a  helping  hand  to  each  other,  is  a  val- 
uable part  of  the  product  of  workshop  training  in  either  de- 
partment. It  has  been  the  Author's  practice  therefore,  for 
some  time,  to  let  a  portion  of  each  class  begin  in  the  wood- 
working shop,  and  another  in  the  forge  and  vise-room.  The 
advantage  is  thus  secured  of  having  both  shops  well  filled  ; 
while  otherwise,  as  the  second  year's  class  is  always  smaller 
than  the  first,  one  shop  is  overcrowded  at  the  same  time  that 
the  other  is  perhaps  not  more  than  half  full. 

The  book  being  intended  more  for  those  who  are  acquiring  a 
general  education  than  for  those  who  are  learning  a  special 
trade,  more  time  and  space  have  been  given  to  the  develop- 
ment of  the  processes  of  manufacture  of  metal  in  their  proper 
order  than  to  the  details  of  special  work.  As  an  assistant  in  a 
course  of  this  kind  it  seems  to  be  an  excellent  handbook  for 
the  student. 


TRADE    CATALOGUES. 


Catalogue:   Progs,   Switches,   Crossings,  etc.      The   Weir  Frog 
Company,  Cincinnati,  Ohio. 

In  the  preface  the  Weir  Frog  Company  announces  that  the 
present  is  Jis  first  catalogue,  as  its  custom  heretofore  has  been 
to  send  blue-prints,  photographs,  etc.,  as  occasion  required. 
The  excellence  of  the  book,  therefore,  must  be  the  result  of 
good  judgment  rather  than  of  experience,  for  from  almost  every 
point  of  view  it  is  a'very'good  one.     In  the  first  place,  it  is  well 


printed  and  of  convenient  size,  with  a  page  still  large  enough 
not  to  cramp^the^engravings.  The  illustrations  are  clear  and 
good,  and  the  descriptions  are  generally  condensed,  but  yet 
sufficient  to  give,  in  connection  with  the  drawings,  a  clear  idea 
of  the  different  devices.  There  is  hardly  a  line  of  superfluous 
matter  in  the  book,  which  must  be  considered  very  high  praise. 
The  catalogue  shows  a  number  of  patterns  of  switches  and 
fittings  ;  of  frogs  and  of  crossings,  the  latter  including  cross- 
ings of  street  as  well  as  of  steam  railroads,  and  one  pattern 
which  is  entirely  new,  a  crossing  of  a  steam  railroad  and  a  cable 
railroad,  where  some  ingenuity  is  required  to  carry  the  rails 
over  the  cable  conduit  without  interference. 


The  Pintsch  System  of  Car  Lighting  by  Compressed  Oil  Gas  :  the 
Safety  Car  Heating  and  Lighting  Company,  New  York. 

This  pamphlet  consists  chiefly  of  a  list  of  the  roads  on  which 
the  Pintsch  system  of  lightmg  cars  has  been  adopted,  and  of 
letters  from  officers  of  some  of  those  roads,  testifying  to  its  suc- 
cess. 


Trinidad    Asphalt     Street     Pavement;     The     Warren- Schatff 
Asphalt  Paving  Company,  New  York. 

The  use  of  asphalt  for  street  pavements  is  gradually  increas 
ing,  and  some  information  about  the  subject  will  be  welcome  to 
many  who  are  interested  in  the  paving  question.  This  informa- 
tion is  given  in  the  four  pamphlets  issued  by  the  company 
named  above  and  included  in  the  general  title.  Perhaps  it 
would  have  been  better  if  a  little  less  space  had  been  given  to 
the  description  of  the  source  from  which  the  material  is  ob- 
tained, and  a  little  more  had  been  said  of  the  behavior  of  the 
pavement  under  wear.  No  one  doubts  that  asphalt  pavement 
has  many  excellent  qualities,  and  the  main  question  has  been 
as  to  its  ability  to  stand  under  heavy  traffic.  Some  particulars 
on  this  point  are  given,  it  is  true,  but  more  would  be  desirable. 


Catalogue  of  Injectors,  Steam  and  Check  Valves,  etc.  y  Rue  Man' 
ufacturing  Company,  Philadelphia. 

Joy's  Valve  Gear;  Illustrated  Circular:  David  Joy,  London, 
England. 

The  Roney  Mechanical  Stoker  and  Smokeless  Furnaces  :  Illus- 
trated Description.  New  York;  Westinghouse,  Church, 
Kerr  &"  Company,  Engineers. 

Open-hearth  Steel  Castings  :  the  Sharon  Steel  Casting  Company, 
Sharon,  Pa. 

Illustrated  Catalogue  of  Improved  Hydraulic  Jcuks  :  Watson  <5r* 
Stillman,  New  York. 


BOOKS    RECEIVED. 


On  Steel  Rails,  Considered  Chemically  and  Mechanically  :  by 
Christer  P.  Sandberg.  London,  England  ;  reprinted  from  the 
Proceedings  of  the  Institution  of  Mechanical  Engineers. 

Official  Railroad  Map  of  Nebraska  :  Compiled  by  the  State 
Board  of  Transportation.  Lincoln,  Neb.;  published  by  the 
Board  of  Transportation. 

The  Taylor  Iron  Works  Diary  for  Railroadmen,  for  1891. 
High  Bridge,  N.  J.;  the  Taylor  Iron  Works.  TOTs  is  the  new 
number  of  the  very  neat  and  convenient  pocket  diary  which 
this  company  has  issued  annually  for  a  number  of  years  past. 

Cornell  University  Register,  1890-91.  Ithaca,  N.  Y.;  pub- 
lished by  the  University. 

Cornell   University,    College  of  Agriculture  :    Bulletin  of  the 
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,1  rricullural  Experiment  Station.  XXIII,  December,  1890. 
Ithaca,  N.  Y.;  published  by  the  University. 

Institution  of  Mechanical  Engineers  :  Proceedings,  July,  1890, 
Sheffield  Meeting.  London,  England  ;  published  by  the  Insti- 
tution. 

^Information  Required  for  the  Designitig  of  Structural  Iron 
and  Steel  Work  :  by  F.  Stuart  Williamson.  New  York  ;  pub- 
lished by  the  Author. 

Report  of  Committee  on  Coke  Iron  Manufactures  for  the  City  of 
Marquette.     Marquette,  Mich.;  the  Citizens'  Association. 

Reports  of  the  Consuls  of  the  United  States  to  the  State  Depart- 
ment:  No.  121,  October,  1890.  Washington;  Government 
Printing  Office. 

Refrigerators  and  Food  Preservation  in  Foreign  Countries : 
Special  Consular  Reports  to  the  Department  of  State.  Washing- 
ton ;  Government  Printing  Office. 

Air- Brake  Rigging  ;  its  Character,  Maintenance  and  Operation  : 
by  R.  A,  Parke,  M.E.  New  York  ;  published  by  the  New 
York  Railroad  Club.  This  is, a  reprint  of  an  excellent  paper 
read  by  Mr.  Parke  at  the  December  meeting  of  the  New  York 
Railroad  Club. 

Irrigation  in  India  :  by  Herbert  M.  Wilson,  C.E.  New 
York  ;  reprinted  from  the  Transactions  of  the  American  Society 
of  Civil  Engineers. 


ABOUT  BOOKS  AND  PERIOblCALS. 


The  articles  on  Southern  California,  by  Mr.  Charles  Dudley 
Warner,  are  continued  in  Harper's  Magazine  for  January. 
The  South  American  paper  by  Mr.  Child  in  this  number  is  on 
Peru,  describing  his  general  impressions  of  the  country  and  its 
present  material  condition. 

In  the  Popular  Science  Monthly  for  January  Mr.  Dur- 
fee's  article  on  the  history  of  Iron  Manufacture  in  America  is 
continued  by  a  chapter  on  Iron  Mills  and  Puddling  Furnaces. 
Professor  Samuel  Sheldon  has  an  interesting  article  on  the 
storage  of  Electricity.  Among  the  other  articles  given  are  a 
paper  on  the  Decline  of  Rural  New  England,  by  Professor  A%  N. 
Currier,  and  M.  Armand  de  Quairefages*  discourse  on  the 
Peopling  of  America. 

In  its  issue  for  January  3  the  Engineering  and  Mining 
Journal  gives  statistics  of  the  mining  industries  of  the  United 
States  which  make  it  a  very  valuable  number  for  present  read- 
ing and  for  reference. 

The  leading  articles  in  the  latest  quarterly  number  of  the 
Proceedings  of  the  United  States  Naval  Institute  are  on  the 
Protection  of  the  Hulls  of  Vessels  by  Lacquer,  by  Lieutenant 
J.  B.  Murdock  ;  a  Study  of  the  Movements  of  the  Atmosphere, 
by  Lieutenant  E.  Fournier,  of  the  French  Navy  ;  Assistant  Sec- 
retary Soley's  address  at  the  unvailing  of  the  Jeannette  Monu- 
ment ;  Lieutenant  W.  F.  Fullam's  paper  on  Naval  Training 
and  Discipline,  and  the  discussion  on  that  article. 

In  the  January  number  of  Belford's  Magazine  Henry 
George,  Jr.,  has  a  somewhat  intemperate  article  against  the  in- 
crease of  the  Navy.  The  other  more  serious  papers  are  on  In- 
terest and  Usury  Laws,  by  Frederick  T.  Jones  ;  on  the  Lake 
Region  of  Wisconsin,  by  B.  P.  Legare,  and  on  the  Fine  Art  of 
Walking.  There  is  the  usual  variety  of  fiction  and  lighter 
articles,  and  some  sharp  and  pointed  editorial  discussion  of 
current  affairs. 

In  Scribner's  Magazine  for  January  there  is  given  the  sec- 
ond of  Sir  Edwin  Arnold's  papers  on  Japan.  Another  article 
on  travel  is  Josiah  Royce's  Impressions  of  Australia-a  country 

out  which  most  of  our  people  know  very  little.     Modern  Fire 


Apparatus,  by  John  R.  Spears,  is  a  practical  and  interesting 
paper.  Mr.  William  P.  P.  Longfellow  discourses  from  the 
Architect's  Point  of  View,  giving  his  ideas  in  a  striking  and 
forcible  way. 

The  difficulty  of  establishing  a  new  magazine  is  well  known, 
and  makes  more  remarkable  the  success  which  the  Arena  has 
attained  in  a  little  over  a  year.  This  is  doubtless  due  to  the 
fact  that  intelligent  readers  appreciate  free  and  courageous  dis- 
cussion of  live  questions,  for  which  the  new  magazine  has  given 
an  opportunity  never  before  so  fully  afforded. 

The  skater,  the  wheelman,  the  canoeist,  and  indeed  almost 
every  class  of  reader,  will  find  something  to  interest  him  in 
Outing  for  January.  Not  only  out-door  sports,  but  travel  find 
room  in  its  columns.  The  military  papers,  which  have  attracted 
much  attention,  are  continued  in  this  number  by  an  interesting 
article  on  the  Active  Militia  of  Canada,  which  deserves  a  care- 
ful reading  on  this  side  of  the  line. 

The  Chattanooga  Tradesman  has  made  its  issue  of  January 
I  a  "  Census"  number,  in  which  is  given  a  great  variety  of  in- 
teresting matter  concerning  the  growth  of  manufacturing  enter- 
prises in  the  South,  and  the  resources  of  that  section.  Chatta- 
nooga itself  is  a  center  of  industrial  progress,  and  is  well  repre- 
sented by  our  enterprising  contemporary. 

The  leading  article  in  the  January  number  of  the  Journal  of 
the  Military  Service  Institution  is  the  prize  essay  of  the  Institu- 
tion for  the  year  ;  it  is  by  Lieutenant  George  W.  Read,  Fifth 
Cavalry,  and  is  on  a  Practical  Scheme  for  Training  the  Regular 
Army  in  Field  Duties  for  War.  Other  articles  are  on  Artillery 
School  Methods,  by  Lieutenant  Hunter ;  the  Marksman's 
Method  of  Defeating  an  Army,  by  Captain  Chester  ;  Strategy, 
Tactics  and  Policy,  by  Lieutenant  Bush  ;  the  Gyroscope  and 
Drift,  by  Lieutenant  Richmond  ;  Practical  Education  of  the 
Soldier,  by  Lieutenant  Parkhurst.  The  historical  sketch  for 
the  month  is  of  the  Eighth  Cavalry,  by  Lieutenant  O'Connor. 

The  Journal  will  hereafter  be  edited  by  Major  William  L. 
Haskin,  First  Artillery,  Brevet  Brigadier-General  T.  F.  Roden- 
bough  having  retired  from  the  position  after  a  service  of  12 
years,  on  account  of  the  pressure  of  other  duties.  It  is  largely 
due  to  General  Rodenbough's  experience  and  judgment  that  the 
Journal  has  attained  its  present  high  standing  as  a  service 

magazine.  {   > 

• 

FORNEY'S  SAFE  DEPOSITORY  FOR  SLEEPING- 
CARS. 


Nearly  every  person  who  has  had  occasion  to  travel  in 
sleeping-cars  has  experienced  the  nervousness  and  anxiety 
v^hich  attends  the  disposition  and  care  of  his  pocket-book 
and  other  valuables  Lduring  the  night.  The  invention  il- 
lustrated herewith  is  intended  to  afford  a  receptacle  or 
depository  in  which  small  articles  liable  to  be  stolen  can 
be  locked  up  for  safe  keeping.  Fig.  i  is  a  perspective 
view,  showing  a  section  of  a  sleeping-car  provided  with 
two  safe  depositories  A  and  B  below  the  windows.  Fig. 
2  is  a  transverse  section  on  an  enlarged  scale  through 
one  of  these,  showing  the  window  recesses  below  the  two 
sashes,  the  outside  of  the  car  being  on  the  left  side  of  the 
engraving.  The  fulf  lines  B  CZ>  represent  a  halt  cylinder 
made  of  brass,  in  the  position  it  occupies  when  the  recess 
or  depository  is  closed.  The  semi-cylinder  has  a  head  at 
each  end.  These  heads  are  fastened  by  pivots  A  to  the 
window-posts,  so  that  the  cylinder  can  be  revolved  about 
these  pivots  from  the  position  shown  by  full  lines  BCD 
to  that  represented  by  the  dotted  lines  BCD.  When  in 
the  latter  position  the  recess  can  be  used  as  an  arm-rest  in 
daytime,  or  a  receptacle  for  books  and  other  small  ar- 
ticles or  packages.  Nearly  every  one  who  has  traveled 
in  sleeping-cars  has  experienced  the  discomfort  and  incon- 
venience of  the  small  arm-rests  ordinarily  used  in  that 
class  of  vehicles  below  the  windows.  The  window  recess 
furnishes  a  very  comfortable  arm-rest  in  the  daytime  when 
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Fig.  X. 
FORNEY'S   SAFE   DEPOSITORY   FOR   SLEEPING  CARS. 


the  half  cylinder  is  turned  back  into  it,  as  shown  by  the 
dotted  lines  in  fig.  2,  and  as  represented  at  A  in  the  per- 


Fig.  2.; 


spective  view.     At  B  the  safe  depository  is  shown  closed, 
or  in  the  position  it  would  occupy  at  night. 


In  fig.  2  L  represents  a  lock  which  requires  the  use  of 
two  keys  to  open  it.  One  of  these  keys  is  retained  by  the 
conductor  of  the  car,  and  the  other  is  delivered  to  the 
passenger.  Neither  of  them  can  thus  open  the  safe  de- 
pository without  the  co-operation  of  the  other,  and  in  case 
the  passenger's  key  was  stolen  it  would  do  the  thief  little 
good  ;  or  if  the  conductor  was  disposed  to  do  so  he  could 
not  unlock  the  depository  without  the  co-operation  of  the 
passenger  or  procuring  his  key.  E  is  the  bolt  of  the  lock 
which  engages  with  a  hasp  H. 

It  will  be  noticed  from  fig.  2  that  the  recess  below  the 
two  sashes  is  nearly  as  wide  as  the  whole  thickness  of  the 
side  of  the  car.  Consequently  the  space  D  //gives  an 
arm-rest  over  six  inches  wide.  This  is  equivalent  to 
widening  the  seat  to  nearly  that  extent,  as  the  old  arm- 
rests are  not  needed  when  the  recess  is  used,  and  the 
passenger  can  then  sit  close  up  to  the  side  of  the  car  with- 
out the  sensation  of'being  disagreeably  crowded,  which 
he  feels  when  there  is  no  suitable  rest  for  his  arm. 

The  receptacle  of  each  of  the  safe  depositories  is  large 
enough  to  take  a  gentleman's  vest  or  waistcoat,  a  lignt 
coat,  or  any  small  package.  Locking  up  his  valuables  at 
night  gives  a  pleasant  sense  of  security  to  a  traveler 
which  is  conducive  to  sound  sleep  and  prevents  loss  by 
theft,  of  which  most  travelers,  but  especially  ladies,  are 
apprehensive  when  their  money,  their  watches  and  jewelry 
are  not  locked  up. 

This  device  is  the  invention  of  Mr.  M.  N.  Forney,  whose 
address  is  at  145  Broadway,  New  York. 
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THE  GOVERNMENT  SURVEYS  FOR  THE  GREAT 
SIBERIAN  RAILROAD. 


By  a.  Zdziarski,  Engineer. 


(CoHtinued/rom  page  27.) 


HI. — THE   BAIKAL    LOOP   LINE. 

While  in  the  original  design  of  the  Great  Siberian 
Railroad  the  Baikal  Loop  Railroad  was  not  specified,  the 
many  disadvantages  presented  by  the  other  means  of  com- 
munication between  Irkoutsk,  the  terminus  of  the  Central 
Siberian  Railroad,  and  the  eastern  shore  of  Lake  Baikal, 


only  a  reconnoissance,  was  made  with  the  same  accuracy 
as  an  ordinary  survey,  instrumental  longitudinal  and  cross 
leveling  being  applied  to  the  main  line,  barometer  leveling 
being  used  only  in  the  preliminary  work. 

The  general  location  was  governed  from  the  north  by 
Lake  Baikal.  The  shortest  line  must  pass  through  Koul- 
touk,  and  go  eastward,  following  the  south  shore  of  the 
lake. 

Three  different  lines  were  barometrically  explored  from 
Irkoutsk  to  Koultouk,  the  first  following  the  Irkout  River, 
crossing  the  Zirkizoun  Range  through  a  pass  770  ft.  above 
the  lake  level  and  descending  the  V^alley  of  the  Koul- 
toushka  River.  The  other  two  lines  were  abandoned,  the 
first,  which  followed  the  post  road,  having,  within  6  miles 
j  from  Koultouk,  to  cross  the  sources  of  the  Great  Zazara, 


BAIKAL   LOOP    LINE,    GREAT   SIBERIAN    RAILROAD. 


or  the  town  of  Verkhne-Oudinsk,  the  proposed  starting- 
point  of  the  Trans-Baikal  Line,  induced  the  Government 
to  order  the  exploration  of  a  connecting  line  or  loop.  This 
was  placed  under  charge  of  the  Chief  Engineer  of  the 
Trans-Baikal  Survey.  The  disadvantages  referred  to  are 
briefly  stated  below. 

The  period  of  open  navigation  from  Irkoutsk  to  Verkhne- 
Oudinsk— which  is  on  the  Selenga  River,  a  tributary  of 
Lake  Baikal— lasts  only  4^  months,  and  a  transfer  of  freight 
would  be  necessary  at  the  mouth  of  the  Selenga.  Navi- 
gation from  Irkoutsk  to  the  eastern  shore  of  Lake  Baikal 
>s  open  for  six  months,  since  the  Selenga  usually  freezes 
over  nearly  two  months  earlier  than  the  lake.  In  winter 
there  is  a  good  sledge  road  from  Irkoutsk  to  the  eastern 
Shore  of  the  lake  for  3^  months,  but  the  sledge  road  to 
Verkhne-Oudinsk  lasts  only  one  month,  on  account  of  the 
very  light  snowfall  in  the  Trans-Baikal. 

I  hese  circumstances  made  it  very  desirable  that  the  loop 
line  should  be  built,  and  that,  at  least,  the  Trans-Baikal 

of  the  uk^  ^^^''^  ^^°^  ^°"^^  ^°'"^  °"  *^^  eastern  shore 

The  exploration  of  the  Baikal  Loop  Line,  although  called 


a  tributary  of  the  Irkout,  at  a  height  of  1,330  ft,  requiring 
a  long  tunnel  ;  while  the  other  was  impracticable  for  the 
reason  that  the  western  shore  of  Lake  Baikal  is  very  tor- 
tuous and  presents  bluffs  1,200  to  1,400  ft.  high,  so  that 
even  with  a  radius  of  curvature  of  840  ft.,  numerous  tun- 
nels would  be  required  ;  moreover,  the  banks  of  the  An- 
gara are  nearly  200  ft.  in  height  and  the  line  would  be 
some  17  miles  longer  than  the  first. 

The  selected  line  is  83^  miles  long  from  Irkoutsk  to 
Koultouk,  and  can  be  built  with  grades  of  1.2  per  cent. 
A  tunnel  about  2^  miles  long,  through  the  neck  of  a  loop 
or  bend  in  the  Irkout  River,  would  shorten  the  line  about 
20  miles. 

The  second  part  of  the  line,  from  Koultouk  to  the  harbor 
of  Misovskaia  on  the  eastern  shore  of  Lake  Baikal,  which 
was  selected  for  the  starting-point  of  the  Trans-Baikal 
Line,  follows  closely  the  shore  of  the  lake.  All  the  trials 
to  find  a  suitable  pass  through  the  Hamar-Daban  Range 
were  unsuccessful.  The  first  route  surveyed,  starting 
from  the  Mourinska  River,  crossed  two  divides,  the  first 
4,252  ft.  high  and  requiring  grades  of  3  per  cent.,  the  sec- 
ond  divide   presenting  grades  of   5   per  cent.     Another 
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route,  starting  from  the  Mishika  River,  traversed  the  range 
at  a  height  of  3,354  ft.,  with  grades  of  2.5  per  cent. 
Others  gave  no  belter  result,  and  none  of  the  passes  of  the 
Hamar-Daban  were  found  suitable  for  a  railroad  line,  so 
that  the  lake-shore  route  was  adopted. 

The  whole  length  of  the  located  line  from  Irkoutsk  to 
Misovskaia  is  194  miles,  and  it  can  be  divided  into  three 
sections,  as  below. 

1.  From  Irkoutsk  to  Moigot,  62  miles.  This  is  a  light 
mountain  section,  and  the  location  was  made  accordingly, 
assuming  the  additional  train-resistance  due  to  curvature 
and  gradients  at  10.50  kilogrammes  per  ton  ;  which  cor- 
responds to  a  radius  of  curvature  of  1,050  ft.  and  a  grade 
of  0.8  per  cent.,  or  to  a  radius  of  840  ft.  and  a  grade  ol  0.7 
per  cent.* 

2.  From  MoTgot  to  Bistraia,  36  miles.  This  is  a  moun- 
tain section,  coniormed  to  a  train-resistance  of  1377  kg. 
per  ton  ;  which  corresponds  to  a  radius  of  curvature  o- 
1,400  ft.  and  a  grade  of  1.2  per  cent.,  a  radius  of  1,050  ft. 
and  a  grade  of  i.i  per  cent.,  or  a  radius  of  840  ft.  and  a 
grade  of  1.05  per  cent. 

3.  From  Bistraia  to  Misovskaia,  96  miles.  This  was 
located  under  the  conditions  of  a  level  section,  but  with 
the  allowance  of  minimum  radius  of  curvature  of  1,400  ft. 
The  train-resistance  was  limited  to  9. 11  kg.  per  ton; 
which  corresponds  to  a  radius  of  curvature  of  2,100  ft. 
and  a  grade  of  o  8  per  cent.,  a  radius  of  1,750  ft,  and  a 
grade  of  0.75  per  cent.,  or  a  radius  of  i  ,400  ft,  and  a  grade 
of  0.7  per  cent. 

It  was  assumed  that  the  trains  would  be  the  same  as  on 
the  Trans-Baikal  Railroad,  and  all  the  conditions  adopted 
are  for  three  daily  trains  each  way,  with  a  possible  in- 
crease to  seven  trains. 

The  grade  is  designed  for  single  track,  of  5  ft.  gauge  ; 
the  width  of  grade  is  assumed  at  16.8  ft.  The  greater 
part  of  the  excavation  is  in  rock,  where  the  slopes  will  be 
I:  2.  The  same  slope  is  designed  for  retaining  walls.  The 
average  quantity  of  earthwork  is  computed  at  70,000  cub. 
yds.  per  mile. 

The  soil  found  on  the  first  10  miles  is  sand;  then  for  8 
miles  loose  rock — red  sandstone  ;  on  the  30th  mile  solid 
rock — granite  and  gneiss  ;  the  same  rock  is  found  in  the 
pass  through  the  divide  between  the  Irkout  River  and  Lake 
Baikal.  On  the  southern  shore  of  the  lake,  from  the  Sgih 
to  the  119th  mile  from  Irkoutsk,  we  meet  many  rocky 
bluffs,  containing  lapis  lazuli,  marble,  gneiss  and  granite. 
From  the  119th  mile,  the  Mourina  River,  there  is  no  more 
rock. 

The  heaviest  cuttings,  reaching  84  ft.  and  105  ft.  in 
depth,  will  be  in  the  bluffs  on  the  Irkout  River  and  at  the 
entrance  to  the  tunnel  ;  on  the  59lh  mile  there  are  cuts  of 
70  to  105  ft.  in  depth  and  a  length  of  1,050  ft.  The 
average  depth  of  the  other  cuts  is  fiom  20  to  30  ft. 

The  embankments  are  not  high,  with  the  exception  of 
the  grade  on  the  approach  to  the  tunnel,  where  one  70  ft. 
high  will  be  required.  The  larger  embankments  will  be 
made  with  retaining  walls  of  dry  masonry,  or  will  be  pro- 
tected by  rip-rap. 

On  the  second  section,  on  the  descent  to  Baikal,  th?re 
are  cuttings  of  55  ft.  in  depth,  and  embankments  of  stone, 
118  ft.  high  ;  trestle-work  is  not  considered  suitable  here, 
in  view  of  the  small  radius  of  curvature,  840  ft. 

Some  heavy  v.'ork  will  also  be  required  in  crossing  the 
Kirkidai  Gap,  on  the  8ist  mile,  where  there  is  one  cutting 
98  ft,  deep,  two  38  ft.  deep  and  embankments  42  ft.  and  49 
ft.  high,  the  former  with  retaining  walls.  Some  retaining 
walls  will  be  required  on  tie  96th  and  98th  miles,  on  the 
lake  shore,  to  protect  the  grade  from  high  waves  and  from 
ice. 

The  Baikal  Loop  Line,  especially  in  the  valley  of  the 
Irkout  and  on  the  southern  shore  of  Lake  Baikal,  will  re- 
quire numerous  bridges.  In  all  331  bridges  are  designed 
with  a  total  length  of  10,234  ft.  As  a  rule  these  bridges 
will   be  of  wood,  bridges  with  masonry  abutments  and 


*  Th«  formula  used   for  calculating  train  resistance  in   kilograniines  per 
ton  is  : 
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The  radius  is  to  be  given  in  meters. 


wooden  or  iron  superstructure  being  designed  only  as  ex- 
ceptions, at  points  where  there  is  danger  from  ice. 

The  greatest  bridge  will  be  over  the  Irkout  River,  with 
a  clear  span  of  560  ft.  It  will  have  stone  abutnients  with 
ice-breakers  and  iron  superstructure.  Another  iron  bridge 
of  140  ft,  span  will  be  used  over  the  Pereemna  River,  on 
account  of  the  great  wave  or  tidal  motion.  These  two 
bridges  will  require  870  tons  of  iron. 

There  will  be  69  small  bridges  of  7  ft.  span  and  9  of  14 
ft.  span,  all  of  wood  on  stone  abutments.  Masonry  cul- 
verts will  be  used  only  in  the  approach  to  the  tunnel,  in 
descending  the  eastern  slope  of  the  Zirkizoun  Range,  and 
in  traversing  the  Kirkidai  Gap.  There  will  be  12  of  7  ft. 
span  and  2  of  14  ft.  span. 

The  other  bridges  will  all  be  of  wood  and  will  be  of  the 
following  lengths:  135  of  14  ft.;  22  of  21  ft,  ;  54  from 
28  to  70  ft,  ;  9  from  70  to  140  ft,;  i  of  210  ft.,  over  the 
Outoulouk  River;  i  of  245  ft.,  over  the  Mourin  River; 
I  of  280  ft.,  over  the  Baratoui  River  ;  i  of  315  it.  over  the 
Snejnaia  (Snow)  River.  This  is  a  total  of  224  "bridges. 
There  will  be  viaducts  from  63  ft.  to  112  ft.  high,  on  the 
75ih,  77ih  and  79th  miles. 

One  great  tunnel  is  designed,  through  the  Zirkizoin 
Range;  its  length  will  be  12,523  ft.,  and  it  will  pass 
through  granite  and  gneiss  and  will  require  no  arching 
or  lining  This  tunnel  will  have  a  single  grade  and  no 
curves.  A  small  tunnel,  224  ft.  long,  will  be  required  on 
the  bank  of  the  Irkout. 

The  distance  arranged  between  stations  is  33  miles ; 
between  water  tanks,  19  miles,  and  between  sidings,  10 
miles.  For  operating  purposes  the  road  will  be  divided 
into  two  nearly  equal  sections,  No.  i,  from  Irkoutsk  to 
Bistraia,  97.5  miles,  being  a  mountain  or  heavy-grade 
section  ;  No.  2,  from  Bistraia  to  Misovskaia,  96  miles, 
being  a  level  section. 

The  first  section  will  have  three  fourth-class  stations, 
three  water  stations  and  six  places  for  future  sidings.  The 
second  section  will  have  two  fourth-class  stations,  three 
water  stations  and  six  places  for  future  sidings.  Bistraia 
will  be  a  divisional  point,  and  will  have  a  third  class  sta- 
tion and  an  engine-house. 

The  engine-houses  will  have  31  stalls  in  all.  Minor 
buildings  include  48  section-houses  and  59  watchmen  s 
houses.  All  the  buildings  will  be  of  wood  and  of  the  same 
general  character  as  those  on  the  Trans-Baikal  Line. 

The  water  supply  presents  no  difficulties,  rivers  being 
plenty,  and  on  a  great  part  of  the  line  Lake  Baikal  being 
close  by. 

The  supply  of  rolling  stock,  calculated  for  running  three 
trains  daily  etech  way,   and   on  the  supposition  that  this 
loop  and  the  Trans-Baikal  Railroad  will  be  worked  as  a 
continuous  line  from  Irkoutsk  to  Sretensk,  will  be  46  loco 
motives,  8  passenger  cars  and  220  freight  cars. 

Materials  for  building  the  road  are  found  under  satis- 
factory conditions.  Sand  and  gravel  for  ballast  can  l)e 
obtained  from  the  banks  on  the  southern  shore  of  Lake 
Baikal,  and  the  bluffs  in  the  valley  of  th§  Irkout,  St(  ne 
—  chietly  granite — is  found  on  the  line  from  the  98th  to  the 
119th  mile,  and  is  nowhere  far  from  it.  Timber— cedar, 
pine,  hemlock  and  larch — is  abundant  everywhere  on  the 
shores  of  Lake  Baikal  and  in  the  valley  of  the  Irkout. 
Clay  is  found  only  at  a  few  points  ;  limestone  is  found  also 
at  a  few  points,  and  is  probably  not  scarce. 

The  cost  of  this  line,  194  miles  long,  is  approximately 
estimated  at  24,000,060  roubles,  or  123,711  roubles  per 
mile.  This  cost — about  $65,000  per  mile — will  make  it  the 
most  expensive  section  ol  the  Siberian  road. 

IV.— THE   CENTRAL   SECTION. 

The  Central  Siberian  Railroad,  the  Baikal  Loop  Line 
and  the  Trans-Baikal  Railroad  together  form  a  continuous 
line,  connecting  the  watershed  of  the  (Jbi  with  that  of  tie 
Amour.  The  total  length  of  this  line  and  its  estimated 
cost  is  given  in  the  accompanying  table. 

This  line  will  start  from  Tomsk  on  the  Tom,  a  tributary 
of  the  Obi,  and  end  at  Matakan  (Sretensk),  on  the  Shilka, 
a  tributary  of  the  Amour,  and  will  be  the  heart  or  core 
of  the  Great  Siberian  Railroad, 

The  continuation  of  this  railroad  will  be  by  the  steamboat 
line,  which,  starting  from  Sretensk,  follows  that  river  to 
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Section. 


Cost  in  Roubles. 


i^entral  Siberian  Railroad 

iBailcal  Loop  Line 

Tr.ins- Baikal  Railroad.... 


Total 


Length  in 
Miles. 


1.038 

194 
663 


TptaL 


Per  Mile. 


69,000,000  }  66,3co 
84,000,000  I  123,700 
55,000,000  82,200 


148  000,000 


78,100 


[the  Amour,  then  the  Amour  to  the  point  where  it  bends 
northward,  and  thence  follows  up  the  Oussouri  to  Grafslcaia, 
I  which  will  be  the  starting-point  of  the  Oussouri  Railroad, 
i  the  last  section  of  the  line. 

The  distance  by  river  from  Sretensk  or    Matakan  to 
Icrafskaia  is  about  i,>90  miles;    at  present  the  journey 
requires  about  10  days,  but  this  can  be  shortened  if  nec- 
essary. 

(to  be  continued.) 


NATIONAL    CONVENTION    OF    RAILROAD  COM- 
MISSIONERS. 


The  following  circular  has  been  issued  by  the  Com- 
mittee appointed  last  year,  which  consists  of  Judge 
Thomas  M.  Cooley,  Chairman  ;  E,  W.  Kinsley,  of  Massa- 
chusetts ;  I.  A.  Spalding,  of  Kentucky  ;  D.  P.  Duncan,  of 
South  Carolina  ;  and  J.  P.  Williams,  of  Minnesota.  The 
circular  fully  explains  itself. 

At  a  Convention  of  Railroad  Commissioners  held  at  the 
City  of  Washington  on  the  6th  day  of  March,  1889,  the  fol- 
lowing resolution  was  adopted  : 

"  Resolved,  That  it  is  the  opinion  of  the  members  of  this 
Convention  that  provision  should  be  made  for  annual  con- 
ventions of  the  Railroad  Commissioners  of  the  several 
.States  and  the  members  of  the  Interstate  Commerce  Com- 
mission, to  be  held  at  such  place  as  may  be  agreed  upon, 
with  a  view  of  perfecting  uniform  legislation  and  regulation 
concerning  the  supervision  of  railroads." 

In  pursuance  of  this  resolution  a  Convention  was  held 
at  the  City  of  Washington,  beginning  on  the  28th  day  of 
May,  1890,  at  which  the  undersigned  were  appointed  a 
Committee  to  call  the  next  Convention. 

Under  the  authority  conferred  upon  them  the  under- 
signed designate  the  3d  day  of  March,  1891,  at  11  o'clock 
in  the  forenoon,  as  the  time,  and  the  office  of  the  Inter- 
state Commerce  Commission,  No.  1317  F  Street,  Sun 
Building,  in  the  City  of  Washington,  D.  C,  as  the  place 
for  the  holding  of  said  Convention. 

The  Railroad  Commissioners  of  all  the  States,  and  any 
State  officers  charged  with  any  duty  in  the  supervision  of 
railroads  or  railroad  interests,  are  respectfully  requested 
to  attend.  The  American  Association  of  Railway  Ac- 
counting Officers  is  also  invited  to  meet  with  the  Commis- 
sioners, or  to  send  delegates  to  the  Convention,  tor  the  dis- 
cussion of  such  questions  of  special  interest  to  their  As- 
sociation as  may  arise  at  the  meeting. 

The  undersigned  respectfully  suggest  the  following  as 
subjects  which  may  usefully  be  considered  by  the  Conven- 
tion :  '  ^ 

1.  Railway  Legislation:  How  harmony  therein  may 
be  attained. 

2.  Uniformity  in  Railway  Accounting:  What  further 
IS  important  to  that  end. 

3-  Territorial  Assignment  of  Statistics  of  Operation  : 
h  M^"^  *his  is  not  practicable,  and  what  principles 
Should  control  in  grouping  railway  statistics. 

^'  ^PPS^^^<>^**^^nt  of  Expenses  to  Freight  and  Passen- 
ger Iraffic :  What  reasons  there  are  for  making  such  an 
apportionment,  and  what  rules  should  be  adopted. 

5-  ^^yety  Appliances  for  Railroad  Cars  :  What  legisla- 
tion, if  any,  should  be  had  by  Congress. 

h^'r-r.    ■f"''''.^!'  ^''^''-    ^^hat  are,  and  the  elements  to 

De  considered  in  the  determination  thereof. 

in  ottering  these  suggestions  it  is  not  intended  that  they 
an  t)e  understood  as  excluding  any  other  topics  affect- 


ing Slate  and  Interstate  Commerce  which  could  properly  * 
come  before  and  be  entertained  by  such  a  Convention. 


THE   PANAMA  CANAL. 
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The  new  concession  for  a  canal  across  the  Panama 
Isthmus,  or  the  extension  ol  the  old  one  under  new  condi- 
tions, was  approved  by  the  Colombian  Government  on  De- 
cember 20.  A  dispatch  from  Paris  said  that  it  had  been 
accepted  and  signed  by  the  Liquidator  of  the  bankrupt 
canal  company,  but  in  a  later  dispatch  from  the  same  city, 
it  was  stated  that  the  new  contract  was  still  awaiting  '*  the 
ratification  of  the  Liquidator,  whose  opinion  is  not  hope- 
ful as  to  the  resurrection  of  the  concern."  The  exact 
terms  of  the  new  concession  have  not  been  announced  in 
this  country,  although  Lieutenant  Wyse's  original  propo- 
sition and  the  modifications  suggested  by  the  Colombian 
Government  while  the  negotiations  were  in  progress,  to- 
gether with  a  very  short  telegram  as  to  the  prominent 
features  of  the  final  agreement,  indicate  pretty  clearly 
what  they  are.  Lieutenant  W>se's  offer  was  that  a  new 
company  or  the  old  one  reorganized  should  pay  ^2,400,000 
in  eight  annual  instalmenti  for  the  land  to  be  used,  with 
$1,000  000  in  paid-up  shares  and  $72,000  per  annum  for  the 
support  of  a  military  force.  The  committee  of  the  Colom- 
bian Senate  recommended  that  f6.ooo,ooo  should  be  paid 
in  cash,  with  $2,000,000  in  paid-up  shares.  The  provi- 
sions of  the  bill,  as  they  stood  in  October,  were  that  the 
new  company  should  pay  $4,000,000,  with  shares  and  priv- 
ileges to  the  value  of  $4,000,000.  the  money  to  be  delivered 
in  five  yearly  instalments.  A  telegram  from  Panama  on 
December  22  reported  that  under  the  approved  agreement 
the  new  company  was  to  pay  $2,000,000  in  five  yearly  in- 
stalments, $1,000,000  in  privileged  shares,  and  the  garri- 
son expenses,  and  was  also  to  pay  for  the  land  to  be  used. 
Twenty-six  months  are  allowed  for  the  formation  of  the 
new  company  and  a  resumption  ol  the  woik. 

The  available  cash  assets  of  the  old  company  in  March 
last  were  $3,200,000.  There  were  also  the  company's  in- 
terest in  the  railroad,  its  buildings  and  machinery  on  the 
isthmus,  and  its  unissued  lottery  bonds,  which  then  had  a 
market  value  of  about  $13  000,000,  owing  to  the  fact  that 
they  had  been  secured  by  a  deposit  with  the  Credit 
Foncier.  It  seems  probable  that  there  could  be  obtained 
out  of  the  wreck  enough  money  to  meet  the  conditions  of 
the  new  concession,  but  it  is  necessary  also  to  supply  a 
new  company  with  resources  large  enough  to  carry  on 
the  work.  The  old  company,  by  incurring  obligations  ex- 
ceeding $400  000.000,  obtained  $265,938,000.  It  expended 
only  $156,600000  of  this  on  the  Isthmus.  The  Commis- 
sion of  engineers  sent  to  the  Isthmus  by  the  Liquidator  re- 
ported that  the  cost  of  completing  the  work  with  locks 
would  be  $180,000000.  Even  if  a  new  company  could 
raise  the  money  in  anyway,  it  would  be  necessary  to  incur 
obligations  amounting  to  not  less  than  $250,000,000. 
Thus  far  there  is  not  the  slightest  indication  that  any 
group  of  capitalists  can  be  induced  to  take  up  the  work, 
nor  is  there  any  probability  that  the  money  can  be  pro- 
cured by  popular  subscription  in  France. 

The  same  Commission,  assuming  that  a  canal  with  locks 
could  be  made  in  eight  or  ten  years,  estimated  that  not  un- 
til four  years  after  the  completion  of  it  would  the  annual 
tonnage  amount  to  4, 100,000  With  traffic  charges  greater 
by  25  per  cent,  than  those  of  the  Suez  Canal,  the  income 
would  then  permit  the  payment  of  only  4  per  cent,  on  the 
new  company's  investment,  and  the  interest  would  not  ex- 
ceed 6  per  cent,  eight  years  later.  But  it  does  not  appear 
that  the  proposed  canal  with  locks  would  permit  the  pas- 
sage in  a  year  of  more  than  two-thirds  of  the  quantity  of  ton- 
nage which  goes  through  the  Suez  Canal  (which  was  6,783,- 
000  in  1889).  and  the  Commission  reported  that  the  com- 
pany could  not  rely  upon  more  than  320  working  days  in 
a  year,  owing  to  the  climate  and  other  conditions  A 
careful  study  of  the  facts  and  estimates  submitted  by  the 
Commission  does  not  disclose  anything  to  encourage  a 
syndicate  or  a  new  company  to  take  hold  of  the  work. 
The  sum  to  be  invested  is  too  large,  the  natural  obstacles 
are  too  formidable,  and  the  possible  income  would  be  too 
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small.  Moreover,  a  competent  and  trustworthy  organiza- 
tion is  making  another  canal  in  Nicaragua.  But  Lieuten- 
ant Wyse  has  not  procured  this  extension  of  the  old  con- 
cession without  having  in  mind  some  project  for  utilizing 
it,  and  the  world  will  await  with  some  curiosity  the  de- 
velopment of  his  plans. 


THE    USE    OF    WOOD    IN     RAILROAD    STRUC 

TURES. 


By  Charles  Davis  Jameson,  C.E. 


(Copyright,  1889,  by  M.  N.  Forney.) 


(Concluded  from  pag*  14.) 


CHAPTER  XXXI. 

HOWE  TRUSS    BRIDGES. 

The  plans  for  Howe  truss  bridges  were  to  be  completed 
in  the  January  number  of  the  Journal  ;  but  it  has  been 

No.  53.     Bill  op  Material  por  Howe  Truss  Bridge.    Through  Span, 
133  Ft.    Plates  129,  130  amd  131. 

Timber. 


No.  OF 
Pieces. 


3» 
8 
8 

16 
4 
4 
4 
4 
8 
8 
8 
8 
8 
8 

so 

4 

3 

4 
la 

3 
16 

4 
• 
a 

38 

6 

118 

a 

16 
16 

4 
4 
8 


Description,  i 


Size. 


Top  Chord '  7  in 


Bottonn  Chord. 


Braces. 


Counters., 
it 

Laterals.. 


Floor-beams. . . 

Stringers 

Ties 

Guard-rails 

Bolsters 

Bridge-seats. .. 

Sills 

Planks 

Blocks 


7 

'  7 
j  7 
j  7 
7 
7 
la 
12 

Z3 

10 
II 
8 
8 
8 
6 
6 
6 
8 
8 
8 
6 
8 

9 
6 
8 
6 
7 
7 
la 
3 
a 


X  12  m. 
X  13  in. 
X  12  in. 
X  14  in. 
X  14  in- 
X  14  in 
X  14  in- 
X  14  in- 
X  18  in. 
X  16  in. 
X  14  in- 
X  13  in. 
X  12  in. 
X  12  in. 
X  10  in. 
X  10  in 
X    Sin. 

8  in. 

8  in. 

8  in. 

8  in. 

8  in. 

8  in. 

8  in. 
16  in. 
X  13  in. 
X  8in. 
X  6  in. 
X  13  in. 
X  13  in. 
X  12  in. 
X  Sin. 
X    8  rn. 


X 
X 

X 
X 
X 
X 
X 
X 


Length. 


a2ft. 
iSrt. 

7ft. 
44ft. 
41ft. 
30ft. 
19ft. 

8ft. 
a7ft. 
27ft. 
27ft. 
27ft. 
27ft. 
37ft. 
27ft. 
15ft. 

2lft. 

19ft. 

17ft 

2lft. 

17ft. 

30ft. 

13ft. 

.3ft. 

19ft. 

138ft. 

12ft. 

138ft. 

9ft. 

6lt. 

19ft. 

138ft- 

2ft. 


o^in. 
6^in. 
6>iin. 
o  in. 
6  in. 
6  in. 
6  in. 
6    in. 

5J6'n- 
Sj^in. 

5Jiin- 
S^in. 
.sj^in. 
5^'n. 

Sj^in- 
o    in. 

6Ji<in. 

8    in. 

3^'n. 

6J^in. 

3Xin. 

4Jiin. 
iij^in. 
ii^in. 


in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 


8     in 


;  4,928 
1,040 

4»4 
5.7^0 
»,358 
1,000 

'      640 
276 

;  3.960 
3.520 

3,c8o 
3,200 
3,920 
1,760 
3.^64 
400 
173 

3«5 

833 

231 

1,488 

436 

I     iia 

150 

8,816  ' 

4,9«8 

82S 
1,008 
673 
938 
736 

38 


Yellow  Pine. 


Oak. 

SpruceorPine. 

lYellow  Pine. 
«t  ii 

[Spruceor  Pine, 
tk       ii       ii 

Oak. 


Wrought-Iron—Rods 

%nd  Bolts. 

. 

No. 

Descrip- 

TIOW. 

Diame- 
ter. 

3     in. 

Length. 

No. 
16 

Descrip- 
tion. 

Diame- 
ter. 

Length. 

13 

Rods 

.28  ft.  10  in. 

Holster  b'lts 

iJiin. 

3  ft.  4  in. 

18 

t< 

aJiin. 

38  ft.  10  in. 

368 

Chord  bolts. 

Kin. 

aft  9^in. 

3a 

<i 

aJiin. 

38  ft.  10  in. 

S6 

String'rb'Its 

Xin. 

2  ft.  6  in. 

13 

ti 

a      in. 

a8  ft.  10  in. 

52 

T'kstrg'b-is 

Xin. 

2  ft. 10  in. 

6 

11 

•  Kin. 

28  ft.  10  in. 

76 

Fl.beamb'ts 

I'^in. 

3  ft.  0  in. 

6 

Laterals.... 

i>iin. 

20  ft.    oin. 

80 

TiC-boltR.  .. 

?iin. 

.ait.  6  in. 

16 

•i 

i^in. 

2oft.    0  in. 

43 

G'rd-r'l-b'ls 

«in. 

I  U.  4  in. 

8 

Counters.... 

I      in. 

15  ft.    6  in. 

24 

Brace-bolts. 

Kin. 

2ft.9J^in. 

16 

Bolster  b'lts 

i34  in. 

.'3  ft.      4  in. 

IC4 

Spikes 

J^in. 

9  in. 

80 


Other  Iron    IVork. 
H^ashers  (see  Plate  130) :  44  of  pattern  H ;  216  of  G ;  1,100  of  F. 

Castings  (see  Plate  130)  :   36  of  pattern  A  ;  36  of  B :  8  of  C. 

Castings  (see  Plate  131) :  8  of  pattern  A  :  36  of  B  .■  S  of  C. 

Castings  (see  Plate  133)  :  8  of  pattern  B. 

Castings  (see  Plate  134) :  4  of  .5— end  brace-block. 

Castings  (see  Plate  117)  :  8  of  pattern  /';  iia  of  /. 

Castings  (see  Plate  121)  :  192  of  pattern  L  ;  ig6  of  Af  ,■  80  of  0 :  40  of  />,    I 

of  a  L 


considered  best  by  the  Author  to  supplement,  or  rather  to 
complete,  them  by  a  design  for  a  long  span  bridge. 
This  design,  which  is  for  a  through  span  of  132  ft., 
is  given  in  the  present  number.  The  plans  contained  in 
Plates  129,  130  and  131,  with  the  accompanying  bill  of 
material,  give  all  the  information  required  for  the  en- 
gineer. It  has  not  been  thought  necessary,  however,  to 
repeat  all  the  drawings  for  the  smaller  castings,  and  ac- 
cordingly some  references  will  be  found  in  the  list  ot  iron- 
work, to  plates  published  in  previous  numbers  of  the 
series. 

It  may  be  well  to  repeat  here  the  remark  made  in  seme 
previous  chapters,  that  the  kind  of  wood  specified  in  the 
hill  ot  material  is  that  which  has  been  most  approved  by 
experience  for  the  purpose.  It  may  sometimes  be  ncces- 
s^y,  owing  to  local  circumstances,  to  substitute  some 
other  kind  of  timber  ;  but  in  such  cases  the  judgment  of 
the  engineer  must  be  exercised  in  choosing  the  best  timber 
attainable  for  his  purpose. 


RAILROAD  ACCIDENTS  IN  GREAT  BRITAIN. 


The  returns  of  accidents  and  casualties,  as  reported  to 
the  Board  of  Trade  by  the  several  railway  companies  in 
the  United  Kingdom,  during  the  six  months  ending  June 
30,  1890,  which  has  at  length  been  published,  exhibits  a 
considerable  decrease  in  the  number  of  passengers  killed 
and  injured  as  compared  with  the  corresponding  period  of 
last  year,  which  is  mainly  due  to  the  fact  of  the  Armagh 
disaster  having  occurred  in  the  first  halt  of  the  year  1889. 

The  total  number  of  personal  accidents  reported  during 
the  six  months  amounts  to  499  persons  killed  and  5,ic8 
injured.  Of  these,  51  passengers  were  killed  and  673  in- 
jured ;  railway  servants  killed,  231  ;  injured,  4,232  ;  other 
persons  (trespassers,  suicides,  etc.),  217  killed  and  203  in- 
jured. 

During  the  half-year  55  collisions  between  trains  took 
place  in  which  persons  were  either  killed  or  injured. 
These  are  distinguished  as  to  their  nature  and  results  in 
the  following  manner. 

Eleven  collisions  between  passenger  trains,  or  parts  of 
passenger  trains,  by  which  22  passengers  and  one  servant 
were  injured  ;  32  collisions  between  passenger  trains  and 
goods  or  mineral  trains,  etc.,  by  which  five  passengers  and 
two  servants  were  killed,  and  80  passengers  and  26  ser- 
vants injured  ;  12  collisions  between  goods  trains  or  parts 
of  goods  trains,  by  which  one  passenger  and  one  servant 
were  killed  and  two  passengers  and  14  servants  vsere  in- 
jured. 

There  were  reported  363  failures  of  tires,  of  which  9 
were  on  engines,  4  each  on  tenders  and  carriages,  10  on 
break  vans,  and  336  on  wagons,  259  of  which  belonged 
to  private  owners.  Of  these  tires  302  were  of  iron  and  61 
of  steel  ;  17  of  them  broke  at  rivet  holes,  i  at  the  weld, 
70  in  the  solid,  272  split  longitudinally  or  bulged,  while  3 
that  failed  did  not  break. 

The  failures  of  axles  numbered  132,  of  which  75  were  on 
engines  (67  being  driving  and  8  leading  or  trailing  axles), 
5  were  tender  axles,  4  carriage  axles,  and  48  wagon  axles 
(3  being  on  salt  wagons,  and  16  of  the  wagons  belonging 
to  private  owners).  Of  the  67  driving  axles,  28  were  made 
of  iron  and  39  of  steel  ;  the  average  mileage  of  25  of  the 
iron  axles  was  184,915  miles,  and  of  36  of  the  steel  axles 
209  941  miles. 

The  breakage  of  115  rails  is  reported,  of  which  44  were 
double-headed,  60  single-headed,  i  bridge  pattern,  and  4 
Vignoles*  pattern.  Twenty-five  of  the  double-headed  rails 
have  been  turned.  Of  the  total  number  of  rails  that  broke, 
108  were  of  steel  and  7  of  iron. 
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Of  the  254  persons  killed  and  490  injured  from  causes 
other  than  accidenis  to  trains,  rolling  stock,  permanent 
way,  etc.,  including  accidents  at  level  crossings  and  from 
want  of  caution  or  misconduct,  44  of  the  killed  and  378  of 
the  injured  were  passengers,  and  mostly  met  with  their 
injuries  in  entering,  leaving  the  carriages,  or  falling  be- 
tween trains  and  platforms. 

Seventy-four  persons  met  their  deaths  at  crossings, 
level  or  otherwise,  while  ;i^  others  were  injured  at  those 
dangerous  places;  117  trespassers  were  killed,  and  33 
others  committed  suicide  on  the  lines  during  ihe  six  months. 

Taking  the  return  as  a  whole,  it  is  not  one  that  redounds 
to  the  credit  of  the  railway  companies,  as  it  exhibits  so 
many  instances  of  their  neglect  to  provide  sound  and 
proper  materials  and  appliances,  or  to  adopt  the  fullest 
possible  precautions  to  ensure  immunity  from  accident  to 
the  public  and  their  servants. — Railway  Herald,  London. 


OUR  NAVY  IN  TIME  OF  PEACE. 


By  Lieutenant  Hk.xry  H.  Barroli,    U.  S.  N. 


{Continued  front  pagt  22.) 


There  are  two  main  institutions  for  the  professional 
training  of  the  personnel  q{  the  United  States  Navy — the 
Naval  Academy  and  the  Training  School  ;  the  former 
for  the  education  of  commissioned  officers  and  the  latter 
lor  naval  apprentices,  who  afterward  become  warrant 
officers,  petty  ohlcers,  and  seamen. 

the  naval  academy. 

The  United  States  Naval  Academy  is  situated  at  An- 
napolis, Md.  The  site  is  a  healthful  one,  the  sur- 
rounding country  being  slightly  rolling,  while  the  Severn 
River,  near  its  entrance  into  Chesapeake  Bay,  furnishes  a 
fine  stretch  of  water,  suitable  for  boat-sailing,  etc.,  and 
affords  to  the  practice  vessels  a  safe  and  convenient  har- 
bor. These  vessels  lie  either  alongside  or  near  the 
wharves,  thus  allowing  opportunity  for  sail  and  spar  drill 
at  all  seasons  of  tfie  year. 

Here,  since  1845,  have  been  educated  all  Line  Officers  of 
the  Navy  ;  and  in  conformity  with  a  law  recently  passed 
by  Congress,  vacancies  in  the  Engineer,  Construction  and 
Marine  Corps  are  now  also  filled  by  graduates  from  this 
institution.  Surgeons,  paymasters  and  chaplains  are  now 
the  only  commissioned  officers  who  are  appointed  directly 
from  civil  life. 

There  are  two  ways  in  which  admission  to  the  Naval 
Academy  may  be  obtained— appointment  either  by  a 
member  of  Congress  or  by  the  President  of  the  United 
Stales. 

Each  member  of  Congress  or  territorial]  delegate  is 
entitled  to  have  continuously  at  the  Naval  Academy  a 
cadet  representing  that  district  or  territory.  There  are 
allowed,  also,  to  be  continuously  represented  upon  the 
academic  rolls,  ten  cadetships  "at  large,"  and  all  ap- 
pointments to  fill  vacancies  which  may  occur  among  these 
are  made  by  the  [^resident  of  the  United  States,  who  also 
has  the  appointing  of  the  cadet  representing  the  District 
of  Columbia, 

The  academic  course  extending  over  six  years,  it  will 
thus  be  seen  that  except  for  failure  on  the  part  of  the  can- 
didate to  pass  the  successive  examinations,  both  Congres- 
sional and  Presidential  appointments  would  only  ensue 
every  sixth  year  ;  but  there  are  vacancies  occurring  in 
these  cadetships  all  along  the  line  of  the  academic  course, 
owing  to  resignations,  dismissals,  or  failures  to  pass  the 
regular  examinations.  i^MN 

Whenever,  through  any  cause,  a  vacaS?^occurs  in  the 
representation  of  a  Congressional  district  or  Presidential 
appointment,  the  member  of  Congress,  delegate,  or  the 
President  is  notified  of  the  fact  by  the  Secretary  of  the 
Navy,  and  is  requested  to  designate  the  person  whom  he 
may  desire  to  have  appointed  on  probation. 

Of  late  it  has  become  a  custom  for  members  of  Congress 
to  issue  a  call  for  a  competitive  examination  among  the 
students  of  the  public  schools  of  that  district  to  which  the 
vacancy  belongs,  and  to  award  the  appointment  to  the 
successful  competitor  ;  but  this  is  by  no  means  obligatory, 
and  the  law  allows  him  to  appoint  any  particular  person 


he  may  choose  to  designate,  without  holding  such  com- 
petitive examination.  The  candidate  nominated,  how- 
ever,  must  be  over  15  and  under  20  years  of  age,  of  good 
physique,  fairly  sized  according  to  his  age,  and  not 
afflicted  with  any  bodily  infirmity. 

In  case  that  by  July  these  appointments  have  not  been 
made  by  those  persons  who  are  authorized  to  designate 
the  candidates,  the  law  allows  the  Secretary  of  the  Navy  to 
fill  them  when  application  for  them  is  made  by  any  one 
who  can  in  all  respects  satisfy  the  requirements  for  admis. 
sion  ;  the  appointments,  however,  are  much  sought  after, 
and  therefore  such  a  circumstance  would  be  of  rare  oc- 
currence. 

The  Secretary  of  the  Navy,  being  in  receipt  of  the  name 
and  address  of  the  person  designated  as  a  candidate  for 
admission,  notifies  him  when  and  where  to  present  him- 
self  for  the  examination  which  is  necessary  preliminary  to 
his  acceptance  ;  for,  notwithstanding  that  the  cadet  may 
have  passed  a  most  successful  examination  in  competition 
for  the  appointment,  he  is  yet  required  to  show  beloie 
the  Academic  Board  of  Examiners  that  be  possesses  a 
lair  knowledge  of  the  rudimentary  branches — reading, 
writing,  arithmetic,  grammar,  history,  and  geography. 
He  must  also  be  here  physically  examined,  to  prove  that 
he  is  of  sound  health  and  robust  constitution,  before 
being  admitted  to  the  Academy  as  a  student. 

This  entering  examination,  which  takes  place  at  the 
Naval  Academy,  is  not  a  severe  one  to  any  youth  of  15 
years  of  age  who  has  progressed  even  moderately  well  in 
his  studies. 

Having  succeeded  in  passing  the  entering  examination, 
the  candidate  is  given  a  warrant,  signed  by  the  Secretary 
of  the  Navy,  appointing  him  a  Naval  Cadet  on  probation. 
He  is  now  allowed  a  salary  of  $500  a  year  and  one  ration, 
the  latter  being  commuted  at  the  rate  of  30  cents  per  day. 
thus  making  a  total  of  ^609. 50  annually.  From  this  sum 
he  is  required  to  provide  himself  wit4i  board,  clothing, 
books,  washing,  and  all  other  necessary  expenses.  His 
accounts  are  retained  in  the  hands  pf  the  Paymaster  of  the 
Naval  Academy,  and  all  articles  purchased  must  be  sub- 
jected to  the  approval  of  the  Commandant  of  Cadets,  and 
drawn  on  requisition,  from  the  Government  store.  He  is 
allowed  to  draw  from  his  accounts,  monthly,  the  sum  of 
one  dollar  as  spending  money,  and  parents  and  guar- 
dians are  requested  not  to  furnish  the  cadets  with  addi- 
tional funds.  The  object  of  this  is  to  place  all  of  the  cadets 
on  the  same  financial  basis,  and  the  effect  of  it  is  to  avoid 
that  reckless  extravagance  which  is  so  often  characteristic 
in  college  students. 

From  his  yearly  allowance  there  is  retained,  at  the  rate 
of  $5  monthly,  the  sum  of  |6o,  which  is  termed  "  Re- 
served Pay,"  and  which  is  paid  over  to  the  cadet,  at  the 
time  of  his  leaving  the  Academy,  that  he  may  thus  be 
sure  of  having  the  necessary  means  for  providing  himself 
with  a  sea-outfit  when  starting  on  service  afloat. 

The  system  of  education  as  here  pursued  may  be  said 
to  be  almost  a  perfect  one,  and  it  has  the  merit  of  com- 
bining physical  with  mental  training. 

The  entire  course  comprises  six  years,  two  of  which  are 
passed  at  sea,  after  a  term  of  four  years'  study  at  the  Acad- 
emy.    The  entering  cadet  is  termed  a  Fourth  Class-man. 

The  final  examination,  at  the  end  of  this  six  years' 
course,  if  successfully  passed,  entitles  the  cadet  to  a  dij)- 
loma,  but  does  not  necessarily  assure  his  being  retained 
in  the  Naval  service.  According  to  a  recent  law  of  Con- 
gresSj  from  each  graduating  class  there  shall  be  retained 
annually  at  least  15  cadets.  Of  these,  12  shall  become 
Line  Officers,  two  Engineers,  and  one  a  Marine  Officer. 
In  addition,  there  must  also  be  kept  as  many  of  that  class 
as  will  make  the  total  number  retained  equal  to  the  vacan- 
cies that  have  occurred  in  the  several  '  available  corps 
during  the  preceding  12  months.  In  this  way  it  may 
sometimes  occur  that  an  entire  class  of  graduates  will  be 
retained,  provided  that  the  Navy,  during  the  preceding 
year,  has  experienced  that  peculiarly  sad  fate  so  vividly 
portrayed  in  the  Middle's  toast,  "  A  bloody  war  and  a 
sickly  season," 

In  case  that  the  graduated  cadet  does  not  take  a  place 
sufficiently  high  in  his  class  to  fall  within  the  number 
allowed  to  be  retained  for  that  year,  he  is  honorably  dis- 


Vol  LXV,  No.  2.] 


ENGINEERING    JOURNAL. 


65 


charged  from  the  Naval  service,  and  is  allowed  the  sum 
of  one  thousand  dollars  with  which  to  start  in  civil  life. 

The  successful  cadet,  who  takes  a  position  within  the 
number  allowed,  is  at  once  promoted  to  the  grade  of  En- 
sign, Assistant  Engineer,  or  Second  Lieutenant  in  the 
Marine  Corps,  the  higher  numbers  in  the  class  being 
allowed  as  far  as  possible  to  select  the  corps  to  which  they 
shall  be  assigned.  These  naval  grades  correspond  to  that 
of  Second  Lieutenant  in  the  military  service.  It  will  be 
noticed  that  this  rank  is  attained  in  the  Navy  only  after 
six  years  of  service,  while  in  the  Army  it  is  secured  after 
a  term  of  four  years. 

Vacancies  in  the  Corps  of  Naval  Constructors  are  filled 
by  graduates  of  the  Naval  Academy,  but  only  after  these 
have  been  selected  to  serve  a  two-years'  post-graduate 
course,  that  they  may  especially  fit  themselves  for  this 
duty.  They  are  then  appointed  assistant  constructors, 
and  rank  as  naval  lieutenants,  junior  grade,  or  with 
first  lieutenants  in  the  army. 

The  life  of  a  naval  cadet  at  the  Academy  is  a  busy 
one,  and  it  is  a  mistake  for  any  but  youths  of  tine 
physique  and  strong  determination  of  character  to  enter 
for  the  course.  The  study  and  work  are  exhausting,  and 
often,  after  having  pursued  the  course  for  some  years,  a 
candidate  is  rejected  owing  to  a  want  of  the  physical  force 
necessary  to  keep  up  with  his  class.  It  is  in  most  cases 
not  the  brilliantly  entering  candidate  who  is  finally  suc- 
cessful in  attaining  the  Ensign's  commission,  but  the 
youth  who  enters  possessed  of  strong  perseverance  and  a 
determination  to  master  the  numerous  and  varied  subjects 
which  go  to  make  up  the  academic  course. 

The  curriculum  comprises  : 

Seamanship,  naval  tactics,  naval  construction  ; 

Ordnance  and  gunnery  (manufacture  and  use  of  guns, 
projectiles,  armor,  torpedoes,  gunpowder,  gun-cotton, 
fulminates,  etc.); 

Astronomy,  navigation  and  surveying  ; 

Steam  Engineering  ; 

Mathematics  (arithmetic,  algebra,  plane,  spherical,  an- 
alytical, and  descriptive  geometry,  trigonometry,  differen- 
tial and  integral  calculus)  ; 

Physics  and  chemistry  (light,  heat,  magnetism,  galvan- 
ism, electricity,  etc.)  ; 

English  studies  (geography,  grammar,  history,  rhetoric, 
composition,  international  law) ;  •;».-■■'' 

Modern  languages  (French  and  Spanish)  ; 

Physiology  and  hygiene  ; 

Sketching,  topographical  and  mechanical  drawing. 

The  drills  and  exercises  consist  of  : 

Naval  tactics  manoeuvring  ship,  battalion,  company 
and  skirmish  drill,  boat-sailing,  rowing,  sail  and  spar 
exercises,  light  and  heavy  artillery  fencing,  swimming, 
boxing,  dancing  and  athletics. 

The  time  allowed  for  study  and  for  drill  is  perfectly  sys- 
tematized, and  is  about  the  best  method  that  could  be  de- 
\  ised  for  combining  manual  and  mental  trainitig. 

Each  academic  year  is  divided  into  two  terms — one  ex- 
tending from  October  to  February,  and  the  other  from 
February  to  June.  At  the  close  of  the  annual  examina- 
tions, which  are  generally  finished  during  the  first  week  in 
June,  the  members  of  the  undergraduate  class  are  allowed 
to  proceed  to  their  homes  for  a  short  leave  of  absence, 
prior  to  being  ordered  for  two  years'  sea-service  aboard 
regularly  commissioned  vessels. 

The  newly  promoted  First  and  Third  Classmen  are  sent 
to  sea  on  a  practice  cruise,  which  each  year  extends 
^"■■ou^h  the  months  of  June,  July  and  August.  The  Sec- 
ond Classmen  are  required  to  remain  at  the  Academy  for 
tne  greater  part  of  this  time,  in  order  that  they  may  have 
exercise  in  Machine-shop  work  ;  but  all  are  allowed  leave 
during  the  month  of  September  to  visit  their  homes— the 
three  classes  returning  to  Annapolis  in  tfme  for  the  opening 
01  the  succeedmg  academic  year,  on  or  about  October  i. 

iJunng  these  summer  cruises  ample  opportunity  occurs 
^r  exercise  aloft  at  sail  or  spar  drill,  in  all  kinds  of 
weatner.  The  cadets  are  also  taught  to  reef,  steer,  work 
vessir^'  "^^  ^^^  ^^^^'  *"^  *°  practically  navigate  the 
^  The  undergraduate  class,  who  have  finished  their  four 
hl;n^  !f''?.u  ^^"^y  **  ^^^  Academy,  now  proceed  to  sea, 
ucing  distributed  among  the  several  squadrons  ;  and  at 


the  end  of  two  years  are  again  ordered  to  Annapolis  for  a 
final  examination,  which  determines  not  only  whether 
they  shall  remain  in  the  Naval  service,  but  also  establishes 
the  relative  rank  of  those  so  retained. 

The  various  duties  connected  with  the  superintendence, 
instruction  and  drill  of  the  Corps  of  Naval  Cadets  require 
the  services  of  some  75  regular  officers  of  the  Navy,  and 
about  18  Naval  Professors. 

THE  TRAINING  SCHOOL  FOR  NAVAL  APPRENTICES.    * 

The  school  for  the  training  of  Naval  Apprentices  has  its 
headquarters  at  Newport,  R.  I.  There  are  several  vessels 
assigned  to  duty  connected  with  this  institution — the  Rich- 
inond,  at  Newport  ;  the  Minnesota,  at  New  York";  the 
Portsmouth  d^nd  Jamestown,  as  cruising  vessels,  and  one 
small  schooner  named  the  Wave. 

The  mode  of  obtaining  admission  to  the  Training  School 
is  simpler  than  that  for  entering  the  Naval  Academy. 
The  candidate  is  required  to  be  over  14  and  under  18  years 
of  age,  of  good  physique  ;  he  must  come  voluntarily,  and 
have  the  consent  of  his  parents  or  guardian,  A  deposition 
to  this  effect  is  taken  before  a  notary  public  by  that  per- 
son having  control  of  the  boy.  The  candidate,  being 
physically  qualified,  is  regularly  shipped,  or  indentured, 
to  serve  the  United  States  Government  until  he  becomes 
21  years  of  age,  unless  he  shall  be  sooner  discharged. 

The  system  of  education  is  entirely  different  to  that  pur- 
sued at  the  Naval  Academy.  This  is  carefully  explained 
to  the  candidate  before  his  entrance  to  the  training 
school  ;  and  that,  as  the  Naval  Academy  is  the  only  recog- 
nized channel-way  by  which  he  may  expect  promotion  to 
the  higher  grades,  if  he  elects  to  pursue  the  apprentice's 
course,  he  cannot  expect  promotion  to  a  commissioned 
rank,  except  for  special  gallantry  during  war  times,  when 
sych  promotions  are  allowed. 

.  It  would  not  be  fair  to  allow  the  students  at  the  Train- 
ing School  to  enter  with  the  expectation  of  becoming  com- 
missioned officers,  and  then  afterward  require  them  to 
compete  for  their  commissions  with  those  who  had  re- 
ceived the  advantages  of  a  course  in  every  way  so  much 
superior  as  is  that  furnished  at  the  Naval  Academy.  On 
the  other  hand-v  it  would  not  be  reasonable  to  expect  the 
Government  to  keep  up  two  such  institutions  as  the  Naval 
Academy  for  the  education  of  its  commissioned  officers. 

Therefore,  the  entering  apprentice,  as  well  as  his  parent 
or  guardian,  are  informed  that  the  rank  to  which  the  boy 
can  reasonably  aspire  is  limited  to  one  of  those  positions 
represented  by  a  warrant,  such  as  Boatswain,  Gunner, 
Carpenter,  Sailmaker,  or  Mate,  unless,  as  before  stated, 
he  may,  in  time  of  actual  warfare,  receive  a  higher  promo- 
tion, as  a  reward  for  conspicuous  services. 

When  entered  as  an  apprentice,  the  boy's  education, 
while  .partaking  of  a  practical  rather  than  a  theoretical 
nature,  is  yet  such- as  to  enable  him  to  rise  to  a  higher  po- 
sition in  either  the  Navy  or  the  Merchant  Marine  than  he 
would  do  had  he  not  had  the  advantage  of  this  training. 
The  school  turns  out  excellent  gunners,  top-men,  quarter- 
masters, helmsmen,  coxswains,  etc. 

The  law  now  allows  that  there  may  be  at  one  time  in 
the  service,  either  serving  aboard  regularly  commissioned 
vessels  or  under  instruction  at  the  training  school,  1,500 
apprentices  ;  and  therefore  new  enlistments  depend  upon 
the  number  who  have  lately  completed  their  term  of  ap- 
prenticeship, or  who,  having  been  found  incompetent  or 
undesirable,  have  recently  been  discharged. 

Great  care  is  taken  in  the  selection  of  the  candidates  for 
admission.  It  is  specially  explained  to  those  applying 
that  this  school  is  not  to  be  regarded  as  a  house  of  correc- 
tion—that there  is  no  desire  to  have  any  but  good  boys, 
both  physically  and  morally.  As  soon  as  it  becomes  ap- 
parent that  a  boy  has  been  entered  because  he  is  worthless 
and  unruly  at  home,  he  is  discharged,  and  even  though 
parents  may  at  first  succeed  in  deceiving  the  questioners, 
the  bad  traits  of  the  boy,  when  they  later  appear,  are 
always  grounds  for  his  immediate  dismissal. 

This  extra  care  is  not  so  much  to  save  time  or  trouble 
to  the  Government  in  attempting  to  educate  a  worthless 
and  unprincipled  boy,  as  it  is  to  prevent  the  introduction 
of  immoral  principles  among  the  other  boys  who  have 
been  by  their  parents  placed  hpr?  to  b?  honestly  raised  to 
manhood. 
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Dishonesty,  lying,  and  insubordination  are  the  three 
principal  causes  which  generally  lead  incompetent  par- 
ents to  endeavor  to  have  the  United  States  Government 
provide  their  son  with  that  moral  training  which  they  have 
been  themselves  unable  to  bestow. 

When  a  boy,  even  though  entered  as  an  apprentice,  is 
found  to  possess  these  vices — vices  which  are  generally  the 
result  of  a  want  of  early  training — he  is  discharged  from 
the  naval  service,  that  he  may  not  serve  as  a  bad  example 
for  better  raised  boys  to  follow.  His  discharge  recites  the 
reason  thereof  ;  and  thus  it  will  be  readily  seen  that  it  is 
not  advisable  to  place  dissolute  boys  here  in  the  hope  of 
having  them  "made  into  something,"  a  task  that  the 
parents  have  neglected,  or  else  have  found  already  to  be 
impossible. 

When  it  appears  that  a  boy,  though  unruly,  is  yet  one 
of  good  spirit — whose  traits,  while  mischievous,  are  yet 
not  vicious  ;  whose  disobedience  is  only  the  outcome  of 
an  exuberant  boyish  nature,  he  is  corrected  with  the  light 
punishments  which  the  Navy  Regulations  allow,  and  is 
generally  brought  to  be  an  honest  and  obedient  man. 
There  is  a  marked  difference  between  disobedience  of 
orders  and  insubordination.  Disobedience  is  or  may  be 
the  result  of  a  spirit  of  fun— a  desire  to  have  a  good  time. 
It  may  result  from  forgetfuln^ss  or  carelessness.  Insub- 
ordination is  that  malicious  resistance  to  authority  which  it 
is  the  first  principle  of  naval  training  to  stamp  out. 

It  would  be  going  too  far  to  assert  that  those  persons 
who  are  sometimes  disobedient  are  better  than  those  who 
are  always  obedient ;  butif  it  were  possible  to  fill  our  navy 
with  absolutely  obedient  seamen  and  officers,  it  is  doubt- 
ful if  there  would  exist  enough  freedom  of  thought  aboard 
to  take  a  vessel  into  action. and  figh;t  her  guns,  or  to  do 
anything  else,  in  fact,  except  study  how  to  refrain  from 
breaking  the  regulations. 

In  other  words,  the  fact  that  the  regulations  are  being 
constantly  broken  demonstrates  that  they  may  be  so  in- 
fringed without  serious  harm  to  discipline.  It  is  not  of  so 
much  importance  that  we  keep  the  regulations  at  all  times 
intact,  as  it  is  that  those  who  transgress  the  law  are  made 
to  understand  that  punishment  is  certain  to  follow  the 
sli(:;htest  as  surely  as  the  greatest  infraction. 

"What  is  the  use  of  temptations,  if  we  don't  yield  to 
them  ?"  has  been  asked  by  a  prominent  writer,  and  in  a 
like  manner  we  may  inquire.  How  can  we  enforce  our  Navy 
Regulations  if  they  are  not  transgressed  ? 

It  is  needless  to  say,  therefore,  that  while  the  discipline 
aboard  of  the  training  ships  and  in  the  regularly  commis- 
sioned vessels  is  always  strictly  maintained,  yet  allow- 
ance is  made  in  the  punishments,  when  inflicted,  by  taking 
into  consideration  the  age  of  the  offender. 

The  sailor  early  sees  that  there  are  some  regulations 
that  he  must  break  or  else  he  will  have  a  very  slow  time. 
He  decides  for  himself,  and  when  he  does  infringe  the 
law,  he  knows  that  he  will  be  punished.  He  also  knows 
that  aboard  of  a  properly  conducted  ship  the  punishment 
that  he  then  receives  clears  off  his  account  with  the  Gov- 
ernment for  that  offense. 

R|  When  first  enlisted,  the  apprentice  generally  serves  some 
months  aboard  one  of  the  larger  training  vessels,  and  there 
acquires  the  rudiments  of  his  profession — knotting,  splic- 
ing, stations  of  the  top,  gun's-crew,  etc.,  and  later  be- 
comes one  of  a  "  draft"  sent  to  one  of  the  smaller  vessels, 
the  Portsmouth  or  Jamestown,  whose  sails  and  spars  are 
easier  managed  by  boyish  hands. 

During  the  pleasanter  months  of  the  year  these  vessels 
are  constantly  cruising.  They  visit  the  West  Indies,  the 
Azores,  Madeira,  and  are  sometimes  allowed  to  proceed 
as  far  as  the  mainland  of  Europe.  The  apprentices  are 
taught  reading,  writing,  arithmetic,  geography,  and  his- 
tory, and  are,  generally  speaking,  given  the  groundwork 
for  a  good  education.  In  case  that  any  boy  desires  to  pur- 
sue the  higher  study  of  navigation,  he  will  always  find 
some  one  aboard  who  will  furnish  him  this  assistance 
gratis. 

When  first  enlisted,  the  apprentice  is  allowed  to  draw 
from  the  ship's  stores  clothing  and  supplies  to  the  amount 
of  $45.  He  receives,  from  the  date  of  his  enlistment,  pay 
at  the  rate  of  $9""  per  month,  and  is  allowed  one  xation, 
which  amply  supports  him.     After  having  been  some  time 


aboard,  he  is  examined  for  promotion  to  a  higher  grade, 
and  if  he  Shows  certain  invproVement,  be  is  rated  as  Sec- 
ond-Class Apprentice,  and  then  receives  $10  per  month. 

Later  he  is  again  examined,  and  if  passed  to. the  higher 
grade  becomes  First -Class  Apprentice,  rqceiviaig  $irper 
month.  The  next  successful  examination  makes  him  a 
Seaman  Apprentice,  Second  Class,  with  pay  at  the  rate  of 
$19  per  month,  followed  later  by  examination  and  promo- 
tion to  Seaman  Apprentice,  First  Class,  with  pay  at  rate  of 
$24  per  month.  These  are  the  rates  of  pay  which  he  may 
receive  while  serving  his  apprenticeship. 

Each  succeeding  year,  whether  at  the  training  school 
or  serving  on  one  of  the  regular  stations,  the  apprentice  is 
assigned  to  a  more  responsible  position,  and  thus,  while 
his  education  is  progressing,  he  is  also  of  decided  advan- 
tage to  the  naval  service. 

As  soon  as  he  has  been  proved  to  have  certain  aptitude 
in  drill  and  studies,  he  is  chosen  as  one  of  a  draft  to  a 
regularly  commissioned  vessel,  and  is  there  placed  to  dis- 
charge still  more  important  duties.  His  studies  do  not 
cease  when  he  has  been  ordered  into  the  regular  service  ; 
each  vessel  which  carries  apprentices  is  required  bylaw 
to  have  among  her  complement  a  person  rated  as  school- 
master, and  whose  duty  it  is  to  give  daily  instruction  to 
those  of  the  <:rew  who  have  not.finished  their  term  of  ap- 
prenticeship. .  ' 

The  apprentice  is  discharged  on  the  day  that  he  becomes 
21  years  of  age.  Should  he  be  serving  aboard  a  vessel  on 
a  foreign  station  he  must  be  ordered  to  the  United  States 
in  time  to  arrive  and  be  discharged  on  that  day^  *;^ '? 

He  is  then  free  to  re-enlist  or  not,  as  he  may.  chooSe.  If 
he  desires  to  remain  in  the  Navy,  he  declares  his  intention 
of  so  doing  ;  and  then,  if  he  signs  the  shipping  articles  at 
any  time  within  the  next  90  days,  three  months'  pay  is 
added  to-  his  accounts,  and  he  receives  one  dollar  per 
month  in  addition  to  the  rnonthly  pay  of  his  rating,  this 
being  for  what  is  known  as  "  continuous  service." 

The  constant  drill,  healthy  fare,  regular  hours,  and  sys- 
tematictraining  tend  to  develop  the  naval  apprentice  into 
a  strong  and  hearty  man  ;  and  though  he  may  not  choose 
to  remain  in  the  Navy,  he  is  yet  generally  sure  of  a  good 
place  in  the  Merchant  service  or  aboard  of  some  yacht, 
etc.;  and  those  so  employed  are  always  available  in  time 
of  war,  as  a  source  from  wh-ich  to  obtain  seamen  well 
drilled  in  the  military  part  of  their  profession. 

It  is  hardly  to  he  expected  that  them.ajority  of  these  will 
re-enlist  in  the  Navy,  so  long  as  there  exist  outside  more 
lucrative  positions  with  easier  hours  of  duty.  But  it  can- 
not be  considered  that  the  benefits  of  the  training  school 
are  lost,  simply  because  an  apprentice  chooses  to  accept  a 
better  paying  position  elsewhere — a  position  generally 
secured  by  him  wholly  on  the  strength  of  his  naval  educa- 
tion. 

During  the  year  ending  June  30,  1889.  there  were 
2,738  applicants  for  enlistment  as  apprentice.  Of  these 
only  892 — less  than  one-third — were  found  physically  and 
morally  qualified,  and  only  6g8 — about  one-fourth  of  the 
number  of  applicants — were  finally  admitted  as  appren- 
tices. These  figures  show  conclusively  that  the  Navy  De- 
partment does  not  intend  to  give  this  naval  training  hap 
hazard,  but  only  to  persons  who  are  able  and  willing  to 
make  good  sailors  of  themselves,  and  be  a  credit  rather 
than  a  disgrace  to  the  service  which  has  trained  and  edu- 
cated them. 

There  are  employed  in  connection  with  the  training 
school  and  its  cruising  vessels  about  60  officers,  and  per- 
haps 400  petty  officers  and  seamen. 

Notwithstanding  the  difference  in  their  systems  of  edu- 
cation, yet  in  both  schools  there  are  certain  principles  of 
teaching  which  are  common.  Discipline  is  the  same  at 
each  institution.  The  youth,  be  he  under  instruction  for 
the  position  of  commissioned  officer  or  for  that  of  sea- 
man, is  taught  that,  before  he  may  expect  to  be  placed  in 
command  of  others,  he  must  himself  learn  to  obey. 

Fine  seamen  can  always  be  made  out  of  those  young- 
sters who  live  near  the  wharves  of  our  sea-board  cities— 
those  boys  who  are  always  seeking  the  chance  to  sail  a 
boat  or  row  a  skiff,  and  who  are  naturally  born  watermen. 

Such  a  boy  knows  from  the  start  that  going  to  sea  is 
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luird  work,  and  not  at  all  times  the  poetry  that  It  has  been 
sa-glowmgly  depicted  by  novelists.  He  knows  that  he 
may  be  sometimes  ordered  to  "  lay  out"  upon  an  ice-laden 
yard  and  furl  a  frozen  sail  ;  to  "  turn  out"  from  his  warm 
'  bed  at  midnight,  to  keep  a  sleepless  watch  in  inclement 
weather— to  go  for  days  with  nothing  but  salt  food,  etc.  ; 
and  when  these  episodes  in  his  seafaring  life  occur,  he 
does  not  regard  them  as  impositions,  but  as  a  matter  of 
course. 

It  is  preferable  that,  instead  of  leaving  a  comfortable 
home  with  loving  and  attentive  parents,  the  boy  be  one 
who  is  seeking  to  make  a  home  for  himself  ;  and  such  a 
home  he  finds  aboard  of  one  of  our  naval  vessels. 

When  he  comes  ashore,  you  can  generally  distinguish 
the  thorough  sailor  by  his  uncertain  attitude  as  he  walks 
the  street,  "taking  bearings"  alternately  on  the  houses 
and  the  street  car  tracks.  Quite  different  is  the  appear- 
ance of  this  same  man  when  you  find  him  on  his  native 
heath,  the  deck  of  a  ship  !  With  half  an  eye  he  sees  the 
disarrangement  of  some  insignificantly  small  rope-yarn, 
or  a  minute  pleat  in  the  furling  of  a  sail.  Not  only  does 
he  see  this,  but  his  quick  mind  knows  at  once  the  remedy 
for  the  defect  that  he  has  discovered. 

This  is  one  of  the  earliest  principles  learned  by  the  prac- 
tical sailor — either  officer  or  seaman — not  to  spend  his  time 
unearthing  faults,  unless  he  can  show  remedies  for  the 
same.  The  sea-Ia^vyer,  with  his  grumbling,  growling 
and  discontent,  is  rapidly  becoming  a  thing  of  the  past. 
The  saflor  of  the  present  day  finds  faults — possibly  as 
many  now  as  formerly,  but  in  a  more  reasonable  way  ; 
and  nine  times  out  of  ten  can  show  that  he  has  good  theo- 
ries as  to  how  they  should  be  remedied.       -  , 

The  best  sailor  is  that  man  who  lives  for  the  sea— who 
regards  the  ocean  as^part<)f  bis  ^wn^  p&rti^Ular  bh"tK-?-. 
right,  and  who  thinks  that,  as4he'se3.:beJpngs'to*him,  he 
therefore  has  not' possibiy  as  good  X-right  aShote  as  the' 
"  land-shark,"  ^ho  so  constantly  fleeces  himi    t  .     ^ 

The  moment  he  sets*  his  foot'abpams'hip  he  feels  a  sense 
of  relief,  and  comftvendes  to- V.puljhihgs Jto  riglit^.'!  .It 
becomes  second  nature  to  the  Seafaring"  man  ^o.'^put 
things  to  rights."  This  trait  is  bofrv-9f  ^hj;' -necessity "of 
keeping  everything  in  a  small  space'.     ;'^:  i,,!^'V ';£;'*'•,  > ,'  .* 

It  is  noticeable  that  when  a  vessel  of  ^aris/sent. along- 
side the  dock  to  be  placed  out  of  contrars^ipn.lhc  Contents 
of  the  several  holds  and  magaztnes  fqrm^  a  pifeHwice  or 
thrice  the  size  of  the  vessd-.which'cbntaFnea  them  ;  yet 
this  represents  only  her  unexpended  stores  and  ammuni- 
tion. As  we  regard  this  pile  we  nealize  that  liolhin^  but 
the  most  exact  stowage  could  fepl-acp.it:iji  the  vessel.    . 

So   particularly  is  this  exactness  oi  stowage  reJquired' 
that  the  business  of  stevedore,  or" stower^. has  become  a.- 
profitable  calling,  and  there  are  stevedores* who  can  by- 
the  eye   better  estimate  cubic  space  than  a^kss  ejfperi- 
enced  person  would  do  with  tape-line  or  yird-stick.    .- 

Every  sailor  becomes  to  a  certain  extent/a  stevedore  ;' 
and  it  is  not  alone  the  man  on  the  berth-deck  who  learns 
by  experience  to  make  the  most  of  the  "  room  and  space" 
allowed  him  by  the  Government.  The  contents  of  a  sail- 
or's clothes-bag  would  astonish  the  landsman,  who  has  all 
his  life  considered  it  necessary  to  have  one  or  two  trunks 
for  his  wearing  apparel.  A  "  Ditty-box,"  filled  with 
articles  of  all  description,  ranging  from  ink  and  shoe- 
blacking  to  postage-stamps  and  skeins  of  the  most  deli- 
cately tinted  silk  floss,  would,  from  the  exactness  and  care 
with  which  each  article  is  kept,  excite  the  admiration  of 
the  most  particular  housewife. 

Having  thus  to  stow  his  worldly  belongings  in  the  small- 
est possible  compass,  the  sailor  early  forms  the  habit  of 
setting  anything  to  rights  that  he  may  notice  to  be  out  of 
order.  In  fact,  so  noticeable  is  this  trait  that  even  lands- 
^^"    \']«"^selves    allude    to    "getting    everything    s/iip- 

On  one  occasion,  during  quite  a  spirited  quarrel  which 
look  place  between  two  sailors,  owing  to  too  much  alco- 
noiic  stiniulation.  the  liveliest  part-of  the  row  occurred 
vvnen.  being  called  upon  to  desist  and  "  go  to  the  mast," 
nlL?l''  ^^u""/^  ^y^""^  "°^  allowed  the  requisite  time  to  re- 
H nHn  ^i?  ^"'l^y^'S  pins  which  had  been  called  into  use 
aunng  the  meUe. 

(TO  BE  CONTINUED.) 
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From  the  very  moment  that  the  storage  battery  became 
a  practical,  commercial  apparatus  its  application  to  the 
storage  of  energy  derived  from  the  power  of  the  wind  was 
broached,  but  up  to  the  present  time  very  few  attempts 
have  been  made  to  carry  out  the  suggestion  in  practice. 
Our  readers  will  therefore  be  interested  in  the  plant 
operated  by  Mr.  C.  F.  Brush,  for  several  years  at  Cleve- 
land, O,  When  we  consider  the  widespread  application  of 
wind  power  to  the  operation  of  pumps  for  elevating  waier 
it  seems  indeed  strange  that  no  determined  effort  has  been 
made  to  apply  the  same  power  to  the  storage  of  electrical 
energy.  In  the  latitude  in  which  we  live  steady  winds 
may  be  counted  on  for  the  largest  part  of  the  year,  so  that 
the  only  remaining  objection  would  be  the  cost  of  a  wind- 
mill storage  plant.  We  can  readily  conceive  that  a  single 
pioneer  plant,  such  as  that  of  Mr.  Brush,  might  involve 
considerably  more  expense  than  a  second  or  third  of  the 
same  nature,  and,  again,  that  the  average  plant  would  not 
require  to  be  nearly  as  large.  It  therefore  seems  perti- 
nent to  suggest  that  this  field  so  entirely  unoccupied  at  the 
present  time  be  seriously  considered,  as  we  are  certain  that 
a  profitable  if  not  a  large  business  can  be  developed  in 
this  direction. 

Electricity  is  already  utilizing  thousands  of  horse-powier 
from  watercourses,  and  is  preparing  for  even  more  exteti' 
sive  work  at  Niagara,  and  th^re  seems  no  good  feasoh 
why  It  should  not  utilize  the  wind.  -W«e  hear  of  ^lans  now 
and  then  for  getting  something  electrically  ouf  of  the  sun- 
shine and  the  tides,  but  While  that  may  be  a  remote  result,, 
it  should  be.  easy  epou^^h  to  transform  the  power  of  risiog 
windfr^od  falling^  Waters.  —Electriial  Engineer^.^^  v  ^  ^  -> 


: '  -  THE  JRANS  SAHARAN-RAII^ROAD. 


<Froitt  thfe  Bulii^tt  of  tjie  Intern^tratmt'Ranroad  Congress.)  - 


The  question  of  the  Trans-Saharian  Railroad  has  been' 
submitted  by  the  French  Government  to  a  Confttnission,  at 
th^^bead' of  which  is  M.  Alfred  Picard,  President  of  the 
Section  of  Eubliir  Works.  Three  lines  have  been  submit- 
ted to  this  C-ofiTmission  ;  they  are  Indicated  on  the  accom- 
panjTing  sketch  map.  'These  lines  are  as  follows  : 
.1.  The  Western  Xine,  explored  by  MM.  Mauger  and 
Fousset,' which  starts  from  the  terminus  of  the  Gran  Rail- 
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road  at  Ain-Sefra,  Algeria,  and  runs  by  way  of  Insalah  to 
Timbuctoo,  following  as  nearly  as  possible  the  line  of  the 
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oases.  A  branch  to  Bouroum.  with  a  possible  extension 
to  Lake  Tchad,  is  proposed.  The  distance  is  1,240  miles 
to  Timbuctoo  ;  the  branch  to  Bouroum  is  435  miles, 

2,  The  Central  Line,  advocated  by  General  Philebert  and 
M.  Roland,  which  starts  from  the  East  Algerian  Railroad 
at  Biskra,  runs  through  Onargla,  Timassinin  and  Amguid 
and  divides  at  Haggar,  one  branch  running  to  Bouroum 
and  the  other  to  Lake  Tchad.  The  length  is  1,620  miles 
to  Bouroum  ;  the  branch  to  Lake  Tchad,  620  miles. 

3.  The  Eastern  Line,  starting  from  Gabes,  running 
through  Ghadames  and  joining  the  Central  Line  at  a  point 
about  330  miles  from  the  starting-point. 

A  line  starting  from  Cape  Nun  has  been  proposed,  and 
also  one  from  the  extreme  west  of  Algeria,  but  these  are 
not  seriously  advocated. 

In  connection  with  all  the  lines  a  road  from  the  port  of 
St.  Louis  on  the  west  coast  through  Timbuctoo  and  Bou- 
roum to  Kouka  on  Lake  Tchad  is  proposed. 

The  choice  of  the  Commission  will,  of  course,  be  influ- 
enced by  political  and  military  considerations.  Thus  for 
the  western  line  the  occupation  of  Insalah  would  require 
a  serious  campaign,  while  the  adoption  of  the  eastern  line 
would  involve  difficulties  with  Tripoli,  On  the  central  line 
it  would  be  necessary  to  establish  small  colonies  at  a  few 
points,  with  military  posts  at  Timassinin  and  Amguid  ; 
the  latter  is  an  important  commercial  point  and  a  central 
post  from  which  the  Touareg  tribes  could  be  controlled. 
For  these  reasons  the  central  line  will  be  recommended. 

It  was  originally  proposed  to  build  a  narrow-gauge  line 
on  the  Decauville  system,  but  it  now  seems  probable  that 
a  meter-gauge  road  with  45-lbs.  rails  will  be  recommended. 
The  cost  is  estimated  at  a  low  figure,  about  $16,000  per 
mile,  as  no  large  bridges  or  expensive  works  will  be  needed. 


ARMY  ORDNANCE  NOTES. 


The  bids  were  opened  January  5  at  the  Ordnance  Office 
of  the  War  Department  for  making  100  guns,  which  have 
been  authorized  by  acts  of  Congress.  Two  bids  only  were 
received,  each  being  considerably  over  the  amount  of  the 
available  appropriation,  which  is  about  !^3, 500,000.  The 
first  bid  was  from  the  Midvale  Steel  Works,  of  Philadel- 
phia, and  was  in  substance  as  follows  :  8-in.  guns,  25,  for 
$22,028  each  ;  lo-in.  guns,  50,  for  $51,880  each  ;  12-in. 
guns,  25.  for  $88,5g2  each  ;  the  total  bid  amounting  to 
§5,359,500.  This  Company  offered  to  deliver  one  gun  of 
each  type  within  three  years,  and  the  remaining  guns  with- 
in eight  years  from  the  acceptance  of  the  type  guns.  This 
would  carry  the  last  delivery  over  to  1901. 

The  second  bid  was  from  the  South  Boston  Iron  Com- 
pany, of  Boston,  which  has  recently  established  new  works 
in  Kentucky.  This  Company  offered  to  furnish  the  guns 
as  follows  :  8-in.  guns,  a  type  gun  for  $20,300  by  January 
I,  1893,  and  the  remaining  24  at  $20,995  each,  to  be  de- 
livered at  the  rate  of  six  per  year  ;  lo-in.  guns,  a  type  gun 
for  $46,560  by  June,  1893,  and  the  other  49  to  be  delivered 
at  the  rate  of  five  per  year  and  at  the  price  of  $48,000 
each  ;  12-in.  guns,  the  type  to  be  ready  January  i,  1894, 
and  to  cost  $76,800,  and  the  remaining  49  to  be  delivered 
at  the  rate  of  three  per  year  after  1894,  and  to  cost  $79,- 
200  each.  In  all  cases  10  rounds  of  ammunition  were  in- 
cluded with  each  gun. 

The  South  Boston  Iron  Company  also  submitted  an 
alternate  proposal  to  the  effect  that  the  firm  would  furnish 
the  100  guns  for  the  amount  stated  by  the  Chief  of  Ord- 
nance as  the  cost  of  the  work  at  the  Watervliet  Arsenal, 
and  in  the  same  time  as  they  could  be  furnished  from 
there. 

f!  If  General  Benet's  plan  for  completing  the  gun  factory 
at  Watervliet  were  carried  out,  the  100  guns  could  be  pro- 
duced by  1897.  or  within  about  six  years  from  the  present 
time.  The  cost  would  be  somewhat  greater,  but  the  Gov- 
ernment would  have  in  hand  one  of  the  finest  gun-making 
plants  in  the  world,  besides  the  guns.  On  the  other  hand, 
it  would  certainly  be  a  great  advantage  to  the  Government 
to  encourage  the  building  up  of  private  plants  which 
would  be  able  to  furnish  guns  of  the  largest  size  when 
called  upon  in  case  of  war  or  other  emergency  which  may 
happen. 


THE  DEVELOPMENT  OF  THE  COMPOUND  SYS 
TEM  IN  LOCOMOTIVES. 


By  M.  a.  Mallet. 


(Paper  read  before  the  SuciC'tedes  Ingenieurs  Civils,  Paris ;  translated 
from  the  French  by  Frederick  Hobart.) 


At  the  end  of  1 877,  when  I  had  the  honor  of  treating  ihe 
question  of  Compound  Locomotives  before  your  Society 
for  the  first  time,  there  were  only  three  locomotives  of  that 
kind  in  service  and  nine  under  construction,  and  these 
machines  were  all  of  small  dimensions  and  upon  roads  of 
minor  importance.  At  that  time  also  the  probable  advan- 
tages  of  the  compound  system  as  applied  to  locomotives 
were  not  only  generally  contested,  but  many  engineers 
were  even  unwilling  to  admit  that  the  question  presented 
any  practical  interest  at  all,  their  objections  bemg  based 
upon  theoretical  and  practical  considerations.  To  make 
the  contrast  more  striking,  I  may  say  that  at  the  Exposi- 
tion, in  1878,  in  Pans,  there  was  a  single  compound  loco- 
motive shown  by  myself,  chiefly  for  the  purpose  of  making 
a  point  or  a  date  for  the  invention,  and  under  the  convic- 
tion that  a  much  better  showing  would  be  made  at  the 
next  Exposition. 

Let  us  see  if  my  conviction  has- been  supported  by  facts. 

At  the  last  Exposition  there  were  15  compound  locomo- 
tives ;  some  exhibited  in  the  galleries  and  others  in  ser- 
vice on  the  Exposition  Railroad  ;  and  more  than  half  of 
these  belonged  to  the  type  devised  by  myself. 

It  will  no  doubt  be  a  surprise  to  many  to  learn  that  there 
are  now  nearly  1,000  compound  locomotives  actually  in 
service.  In  the  report  of  Chief  Engineer  Parent  on  the 
Exposition,  presented  to  the  International  Railroad  Con 
gress,  tables  were  given  estimating  at  680  the  number  in 
service  in  June,  1889,  more  than  400  of  these  having  been 
built  within  four  years.  This  figure  is  below  the  real  n  um- 
ber. On  two  lines  alone — the-  Northeastern  in  England 
and  the  Prussian  State— over  150. compound  engines  have 
been  put  in  service  since  this  report  was  made.  If  we  add 
the  number  in  other  countries,  such  as  Russia  and  the 
smaller  German  States,  we  increase  the  number  to  over 
•900,  divided  between  70  or  80  roads,  and  there  is  no  doubt 
that  this  is  increasing  very  rapidly  and  will  increase  much 
faster,  especially  as  the  question  has  been  taken  up  in  the 
United  States  recently  for  the  first  time,  and  will  doubtless 
be  attended  to  with  the  energy  and  the  decision 
characterizes  that  country.  ^ 

It  may  be  said  that  I  am  exaggerating^  thefimport; 
this  question,  since  even  this  figure  would  not  represenl 
more  than  i  percent,  of  the  total  number  of  locomotives  in 
the  world.  Nevertheless,  even  should  the  progress  of  the 
double-expansion  engine  be  arrested  instead  of  continuing 
to  increase,  this  figure  is  much  above  the  total  which  was 
attained  by  special  systems  which  were  considered  very 
successful  in  their  day,  such  as  the  Crampton,  theEngerth 
and  others. 

Not  only  have  distinguished  engineers  supported  the 
compound  system  in  the  most  efficacious  manner,  by 
adopting  it,  but  many  who  were  first  opposed,  better  be- 
coming informed  or  enlightened  by  experience,  now  advo- 
cate it  and  consider  that  it  will  take  a  more  and  more  im- 
portant position  in  railroad  economy. 

Railroad  companies  and  the  engineers  in  charge  of  their 
motive  power  may  be,  in  fact,  divided  on  this  question  into 
three  classes  :  Those  who  have  not  tried  the  compound 
system  ;  those  who  have  it  under  trial,  and  those  for  whom 
the  period  of  trial  is  passed. 

The  first  class  hardly  needs  further  consideration. 

The  second  class  includes  those  lines  where  the  system 
has  been  applied  on  a  limited  scale,  in  order  that  its  ad 
vantages  and  disadvantages  may  be  ascertained  by  actual 
experience.  In  this  .may  be  included  all  those  lines  which 
have  less  than  10  engines  of  this  class,  with  the  exception 
noted  below. 

The  third  class  is  that  where  the  new  type  of  locomotive 
may  be  considered  as  definitely  adopted  for  a  part  or  a 
whole  of  the  motive  power,  whether  this  adoption  has  been 
based  on  actual  experience  on  the  road,  or  from  results 
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[obtained  on  other  lines.     We  have  included  in  this  class 

those  roads  which   have  more  than  10  compound  engines, 

and  also  those  which  have  less  than  10,  provided  they  are 

[small  lines  on  which  that  number  would  constitute  a  large 

proportion  of  the  engines. 

The  first  class  is  and  will  remain  for  some  time  the  most 
numerous,  but  the  second  already  exceeds  50,  and  the  num- 
ber is  being  every  day  increased,  while  the  third  now  in- 
cludes 25  companies,  most  of  them  of  considerable  impor- 
tance. Among  these  may  be  numbered  the  Northeastern 
in  England,  which  at  a  late  date  had  194  compound  en- 
•rines,  32  being  in  passenger  and  162  in  freight  service  ; 
the  London  &  Northwestern,  which  has  about  100,  nearly 
all  passenger  engines  ;  the  Prussian  State  Railroad,  which 
on  Its  Bromb.erg,  Hanover,  Frank(ort  &  Magdeburg  and 
Cologne  Divisions  has  205  ;  a  line  in  the  Argentine  Re- 
public, which  has  nearly  50,  and  the  Saxon  State  Railroad, 
over  40.  The  Vladicaucasus  Railroad  in  Russia  has  ordered 
the  change  of  all  its  locomotives,  about  30  in  number,  to 
conjpound  engines.  This  enumeration  might  be  length- 
ened, but  it  is  perhaps  enough  to  say  here  that  all  the 
service  of  the  Exposition  Railroad  in  1889  was  performed 
by  compound  locomotives. 

In  the  presence  )(  these  facts,  it  is  impossible  to  deny 
that  the  compound  locomotive  is  now  a  practical  question 
in  railroad  operation,  and  that  it  can  no  longer  be  consid- 
ered as  merely  an  experiment.  The  objections  which  have 
been  made  to  it  by  many  engineers  will  be  examined  in  de- 
tail later  in  this  paper.  It  is  enough  to  say  here  that  there 
is  no  longer  any  doubt  thai  its  introduction  marks  the  most 
important  improvement  in  the  locomotive  of  recent  years  ; 
from  my  point  of  view  the  most  important  which  has  been 
made  since  the  locomotive  first  assumed  a  practical  form 
in  1829.  Certainly,  if  it  has  done  nothing  else,  it  has 
caused  discussion,  investigation  and  experiment,  which 
may  lead  to  the  attainment  of  the  same  end  by  other 
means. 

It  may  be  well  here  to  give  some  account  of  the  differ- 
ent types  of  compound  locomotives  so  far  built,  and  it 
seems  best  to  continue  the  method  of  classification  adopted 
in  that  original  paper  in  1877,  and  based  upon  the  number 
of  cylinders.  I  will  commence  with  those  of  two  cylinders, 
which  were  the  first  construction,  and  are  at  present  much 
the  most  numerous.  In  the  accompanying  table  I  have 
collected  the  most  important  elements  of  50  types  of  com- 
pound locomotives  with  two.  three  and  four  cylinders, 
which  may  be  convenient  for  reference. 

TWO-CYLINDER   COMPOUND   ENGINES. 

In  my  first  paper  I  said  that  the  application  of  the  com- 
.pound  system  to  the  locomotive  could  be  realized  by  the 
use  of  two  cylinders  working  on  cranks  placed  at  right 
angles,  and  having  between  them  a  receiver  of  consider- 
able capacity,  and  provided  with  a  special  apparatus  per- 
mitting the  engineer  to  make  at  will  the  working  of  each 
cylinder  direct  and  independent  of  the  other.  This 
arrangement  has  met  with  many  objections,  but  has  suc- 
ceeded in  practice,  and  I  believe  that  its  use  is  limited  only 
Dy  the  dimensions  which  can  be  given  to  the  larger  cylin- 

It  may  be  interesting  to  note  that  the  first  mention  of 
ine  use  of  two  cylinders  of  different  diameter  for  the  loco- 
motive dates  back  to  the  invention  of  the  Wolff  compound 
engines  with  an  intermediate  receiver.  In  fact,  in  a  patent 
Comn.n!;^  7  J?u""'  '"^  February.  1834.  by  Kochlin  & 
nf  tTK?^;  Z  ^"Ihouse,  an  invention  patented  on  account 
o  tne  ijutch  engineer  Roentgen,  who  was  the  true  inventor 
?vh  rh  ,^°"^P°""d  engine,  we  find  the  following  phrase, 
the  tori''  T^^"  account  of  the  convenience  of  the  use  of 
DlarlT  ^''Pi^'"^  o"  the  Wolff  system,  acting  on  cranks 
arrnnL  "g^^^  angles,  for  steamboats— where  such  an 
than  tf.Ti  "^""'"^  "°^  ^^^"''■^  ^"y  more  complication 
aL^es  w^li  K  'J^'^i^^-^y^'"^^'-  engine-"  the  same  advan- 
railroa^c  •!'''  u  """^  '"  ^^^  application  of  this  system  upon 
phrase  Un^/*  '^  j"?^  ^^^^  interesting  to  note  that  this 
Wotff  i.  T  ^°""^  'P  ^^^  English  patent  taken  by  Ernest 
otI?e?wfse  aE."!?''^^  ^^  Roentgen,  the  text  of  which  is 
and  Xrh  t         '^^"tical  with  that  of  the  French  patent, 

can  hardiv  h/c"-5"'C^"'^'^  ^y  ^^"^  same  drawing.     Now  it 
•hardly  be  said  that  the  locomotive  had  less  interest  in 


1834  in  England  than  in  France,  and  it  is  reasonable  to 
suppose  that  the  introduction  of  the  sentence  quoted  in  the 
French  patent  was  due  to  Kochlin  &  Company,  who,  struck 
by  the  simplicity  of  Roentgen's  statement,  at  once  fore- 
saw the  ease  with  which  it  could  be  applied  to  locomotives, 
in  the  manufactureof  which  those  eminent  builders  already 
anticipated  great  success. 

Certainly  there  is  no  reason  to  exaggerate  the  importance 
of  this  simple  mention  made  at  the  time  when  locomotives 
worked  at  a  comparatively  low  pressure,  but  it  is  very  in- 
teresting to  know  that  this  application  of  double  expansion 
had  been  already  indicated  even  before  it  had  become 
common  to  use  the  expansive  force  of  steam  in  a  single 
cylinder,  since  at  that  time  it  was  customary  to  admit 
steam  for  90  or  95  per  cent,  of  the  stroke. 

From  1834  we  must  go  to  1850  to  find  an  attempt  to 
modify  the  ordinary  method  of  working  steam  in  locomo- 
tives. This  is  found  in  the  system  of  continuous  expan- 
sion patented  in  England  by  Samuel  &  Nicholson,  which 
now  forgotten,  or  considered  only  as  a  historical  curiosity, 
has,  since  the  success  of  the  two-cylinder  compound  loco- 
motive, been  presented  by  many  English  authors  as  the  first 
attempt  at  the  application  of  the  compound  principle  to 
the  locomotive.  It  is  to  be  regretted  that  some  French 
writers  have  seemed  to  accept  a  claim  which  can  only  be 
based  on  a  very  slight  knowledge,  to  say  the  least,  of  the 
principle  of  Nicholson's  machine.  It  is  enough  to  say  that 
the  continuous  expansion  system  is  not  a  derivation  from 
the  Wolff  system,  but,  on  the  contrary,  a  deviation  from  it, 
as  can  easily  be  shown. 

Two  engines  were  arranged  on  this  plan  on  the  Eastern 
Counties  Railroad,  in  England,  one  retaining  the  old 
cylinders,  the  other  being  supplied  with  one  new  cylinder 
of  a  capacity  double  that  of  the  old  one.  The  arrangement 
of  the  passages  between  the  cylinders  was  such  that  live 
steam  reached  the  first  cylinder  alone  during  about  half  of 
the  stroke.  At  that  point  a  direct  communication  was 
opened  between  the  first  cylinder  and  the  second,  the  pis- 
ton of  which  was  at  the  dead  point.  The  expansion  was 
thus  made  simultaneously  in  the  two  cylinders  up  to  the 
end  of  the  stroke  of  the  first  one,  which  then  commenced 
to  exhaust  directly  into  the  air,  while  the  expansion  of  the 
steam  contained  in  the  second  cylinder  contmued  until  the 
end  of  its  stroke.  It  is  easy  to  say  that  with  this  system 
each  cylinder  had  to  submit  to  the  almost  complete  fall  in 
pressure  and  temperature,  which  the  use  of  the  compound 
principle,  by  dividing  the  expansion  between  the  two  cylin- 
ders, seeks  to  avoid  as  an  essential  object.  The  claim 
made  by  Mr.  Samuel  in  the  paper  from  which  we  quote 
was  that  a  part  of  the  steam  discharged  into  the  chimney 
to  improve  the  draft  in  ordinary  locomotives  could  be  re- 
served for  a  further  degree  of  expansion,  and  that  the 
economy  of  the  system  of  continuous  expansion  came  from 
the  part  thus  reserved  for  the  purpose  of  utilizing  its  total 
capacity,  which  was  lost  in  ordinary  engines.  He  further 
stated  that  from  one-half  to  two-thirds  of  the  steam  admit- 
ted was  discharged  from  the  first  cylinder  directly  into  the 
stack  to  secure  the  draft,  the  rest  being  carried  to  the  sec- 
ond cylinder  to  be  there  further  expanded  and  furnished 
additional  work. 

It  will  be  seen  at  once  that  this  is  not  at  all  the  method 
of  action  of  the  compound  locomotive,  where  a// the  steam 
which  enters  the  first  cylinder  passes  into  the>  second,  and 
where  the  draft  is  produced  entirely  by  the  steam  escaping 
from  the  latter.  In  fact,  the  only  reason  which  can  be 
alleged  for  the  continuous  expansion  arrangement  is  that 
the  steam  escaping  from  a  single  cylinder  would  not  be 
sufficient  to  maintain  the  proper  draft  for  the  locomotive 
boiler.  In  figs,  i  and  2  we  give  a  sketch  showing  the  gen- 
eral disposition  of  the  continuous  expansion  engine,  as 
shown  by  the  drawings  annexed  to  Mr.  Samuel's  paper 
submitted  to  the  Institution  of  Mechanical  Engineers. 
We  have  done  this  in  order  to  show  the  vital  differences 
between  it  and  the  compound  system,  which  is  much  the 
more  simple.  This  is  still  further  shown  by  fig.  3.  in  which 
the  indicator  diagrams  of  the  two  cylinders  of  1  he  compound 
engine  can  be  placed  one  above  the  other  and  combined  in 
such  a  way  as  to  show  the  manner  in  which  the  steam 
works  successively  in  the  whole  apparatus.  This  cannot 
be  done  with  the  continuous  expansion  engine,  where  we 


i^ 


THE    RAILROAD    AND 


[February,  189I. 


must  limit  ourselves  to  placing  one  diagram  beside  the 
other,  since  the  expansion  of  the  steam  is  there  for  the  most 


part  simultaneous.  This  discussion  might.be  continued 
much  further,  but  sufficient  has  been  said  to  dispose  of  the 
claim  that  it  constituted  the  first  invention  or  application 
of  the  compound  principle.     It  is  only  necessary  to  add 


Since  this  engine — No.  i  on  the  table — contained  all  the 
essential  arrangements,  valves,  receiver  in  the  smoke-box. 
etc.,  and  the  750  two-cylinder  compounds  now  existing 
differ  from  it  only  in  simple  modifications  of  detail,  it  may 
be  well  to  say  that  these  engines  were  not  in  any  manner 
ordered  on  account  of  experience,  as  some  authorities  have 
said.  The  Bayonne-Biarritz  Company  had  no  means  of 
making  any  experiments,  smd  these  engines  were  ordered 
after  mature  reflection  and  a  careful  study  of  the  principle, 
without  hesitatioii  and  with  a  certainty  of  success  which 
never  wavered  for  an  instant.  The  three  engines  which 
were  so  ordered  have  been  in  existence  for  14  years,  and 
for  13  of  them  in  regular  service  on  the  line,  where,  aided 
by  two  other  compound  engines  of  greater  power,  built  in 
1878,  they  have  run  up  to  the  present  time  a  total  of  nearjy 
1,000,000  miles  without  showing  any  weak  point  cither  in 
principle  or  in  construction. 

The  name  of  this  little  road  is  therefore  an  important 
one  in  the  history  of  the  compound  engine,  and  will  always 
figure  in  that  of  the  progress  of  the  locomotive. 

The  decisive  success  of  these  machines  led  rapidly  to 
new  applications  of  the  principle,  either  by  the  building  of 
new  engines  of  small  dimensions,  or  by  the  change  of  ex- 
isting engines  of  larger  size.  The  latter,  however,  at  first 
had  only  moderate  success,  and  it  may  be  well  to  refer  to 
this  here,  partly  in  order  to  correct  some  mistaken  state- 
ments which  have  been  made,  and  partly  because  some 
important  conclusions  may  be  drawn  from  this  experience. 

The  management  of  a  test  of  the  comparative  consump- 
tion of  locomotives  is  always  a  delicate  matter,  which 
should  be  undertaken  with  many  precautions.  The  gen- 
eral arrangement  is  to  make  the  engines  work  for  a  cer- 
tain time  with  ordinary  locomotives,  putting  them  as  much 
as  possible  under  similar  conditions.  The  consumption 
Of  fuel  and  the  loads  are  carefully  ascertained,  and  at  the 
conclusion  of  the  trial  the  result  is  given,  which  very  prob- 
ably is  that  the  new  system  is  ingenious  and  well  devised. 
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that  Mr.  Nicholson,  in  a  public  letter,  protested  against 
comparing  his  system  to  that  of  Wolff,  alleging  against  the 
latter  the  drawback  that  the  pressure  upon  the  larger  pis- 
ton was  really  a  counter-pressure  upon  the  small  one. 

In  1874  we  commenced  to  call  attention  to  the  ease  with 
which  the  compound  or  double-expansion  principle  could 
be  applied  to  locomotives  without  complication  under  the 
ordinary  arrangement  of  two  cylinders,  and  the  first  man- 
ager who  was  impressed  with  this  principle  was  Monsieur 
Eugene  Pereire,  President  of  the  Compagnie  Generale 
Transatlantique,  who  was  then  occupied  in  building  the 
Bayonne-Biarritz  Railroad.  An  order  for  three  compound 
locomotives  for  this  road  was  given  to  the  Creusot  Works 
in  1875,  and  the  first  one  was  tried  in  1876.  Here  was  the 
real  beginning  of  the  compound  locomotive.* 


•It  may  b«  stated  that  the  claim  has  recently  been  made  that  a  compound 
en^ne  was  used  on  a  steam  passenger  car  on  the  Worcester  &  Shrewsbury 
Railroad,  in  Massachusetts,  about  i860,  but  of  this  fact  M.  Mallet  was  probably 
not  aware. 


CoiMpou^^     Engine 


but  has  not  given  the  advantages  hoped  for.     In  a  word, 
the  affair  is  judged  and  settled. 

Often,  however,  the  result  really  depends  upon  some  lit- 
tle detail,  which  is  entirely  apart  from  the  principle  of  the 
device  tried.  Many  examples  might  be  given,  but  perhaps 
one  or  two  may  be  enough.  In  1877  one  of  the  engines 
from  the  B^onne-Biarritz  Line  was  tried  on  a  branch  of 
the  Orlean^isystem  with  an  ordinary  locomotive  of  about 
the  same  power,  and  on  the  first  trial  the  results  obtained 
were  unfavorable,  the  compound  engine  consuming  about 
I  per  cent,  more  fuel  than  the  other.  Upon  examination 
it  was  found  that  the  coal  used  was  entirely  different  from 
that  for  which  the  grate  of  the  compound  had  been  made, 
and  the  consequence  was  that  over  one-third  of  the  coal 
fell  through  the  grate  into  the  ash-pan  without  being  con- 
sumed at  all.  A  second  trial  being  made,  with  proper 
changes,  showed  an  economy  of  31  per  cent,  in  favor  of 
the  compound.  At  another  trial  on  the  Montereau  Line 
the  compound  showed  a  saving  of  only  i.-a  per  cent.,  but 
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the  engineer  of  the  line,  noting  some  points  which  he  did 
not  exactly  understand,  made  a  careful  examination,  and 
found  that  the  compound  engine  did  not  have  sufficient 
draft.  On  reducing  the  size  of  the  exhaust  nozzle  and 
making  some  slight  changes,  a  saving  of  20  per  cent,  was 
realized. 

These  examples  show  once  more  the  fact  that  in  testing 
a  machine  it  is  absolutely  necessary  to  eliminate  as  far  as 
possible  all  disturbing  circumstances  outside  of  the  single 
point  under  investigation. 

The  engine  uses  the  steam  which  the  boiler  produces  by 
the  combustion  of  coal  upon  the  grate.  The  motive  power 
is  thus  obtained  by  a  series  of  distinct  operations,  and  to 
judge  of  any  one  of  them  by  the  final  gross  result  is  an 
elementary  method  which  may  lead  to  very  erroneous  con- 
clusions. I  do  not  seek  to  prove  by  this  that  all  the  trials 
\vhich  had  not  the  most  favorable  results  for  compound 
engines  were  necessarily  badly  conducted,  but  simply  to 
recall  the  fact  that  it  is  necessary  to  look  twice  before  con- 
cluding for  or  against  a  new  system,  especially  upon  a  few 
experiments.  A  hasty  judgment  is  rarely  final,  and  if  it  is 
fiatly  contradicted  by  later  experience,  such  a  result  is  not 
nattering  to  the  first  judges. 

In  1878  a  passenger  engine  on  the  Orleans  Railroad  was 
changed  to  a  compound,  by  replacing  the  right-hand 
cylinder  by  a  new  one  21.65  i"^-  in  diameter,  the  other 
being  16.54  in.  In  this  case  the  new  cylinder  was  the  larg- 
est that  could  be  put  in  without  making  extensive  changes 
in  the  engine,  and  was  really  too  small  in  relation  to  the 
other.  Moreover,  this  engine  was,  for  the  most  part,  run 
in  connection  with  ordinary  locomotives  having  cylinders 
17.32  in.  in  diameter,  and  the  alteration  was  so  made  that 
it  was  impossible  to  admit  live  steam  from  the  boiler  to  the 
low-pressure  cylinder  directly.  The  boiler  pressure  also 
was  not  as  high  as  it  is  customary  to  use  in  engines  of 
later  construction.  Under  all  these  circumstances,  a 
favorable  result  was  hardly  to  be  expected,  but  this  engine 
proved  one  important  point,  and  that  is,  that  the  objections 
of  additional  repairs,  loss  of  time,  and  mileage,  etc.,  which 
have  been  urged  against  the  compound,  were  without 
foundation.  In  a  little  less  than  three  years,  from  Octo- 
ber, 1878,  to  July,  1881,  the  engine  had  run  about  60,000 
miles.  Results  not  altogether  favorable  were  also  obtained 
with  an  engine  on  the  Kaiser-Ferdinand  Northern  Railroad 
in  Austria,  which  was  altered  in  somewhat  the  same  man- 
ner. The  objection  made  in  this  case  was  that  too  much 
force  was  exerted  upon  the  large  piston,  which  led  to  the 
racking  and  injury  of  the  engine.  It  seems,  however,  that 
this  might  have  been  avoided  by  applying  a  reducing  valve, 
or  by  a  better  arrangement  of  the  throttle. 

Theapparent  results  of  these  trials  were  that  the  princi- 
pal difficulty  was  the  high  degree  of  compression  produced 
in  the  smaller  cylinder  at  certain  degrees  of  admission, 
but  it  does  not  seem  that  any  effort  was  made  in  any  way 
to  prevent  this  compression.  A  change  in  the  valve  of  the 
smaller  cylinder  would  probably  have  been  sufficient  to  im- 
prove very  much  the  conditions  of  working,  but  in  both 
cases  the  system  was  condemned  without  close  examina- 
tion, or  without  any  attempt  to  improve  it. 

To  these  trials,  however,  only  a  very  moderate  degree  of 
importance  was  attached  because  a  test  had  been  else- 
where under  very  different  conditions,  which  had  an  im- 
portant influence  on  the  future  of  the  compound  locomo- 
\Y^'  We  refer  here  to  a  change  made  in  1879  by  M.  De 
borodme  on  a  passenger  engine  of  the  Southwestern  Rail- 
road \n  Russia.  The  change  was  made  on  plans  furnished 
ny  myself,  and  the  trials  were  conducted  with  great  care 
and  precision.  This  trial  was  followed  by  others,  and  led 
nnaly  to  the  distinct  adoption  on  the  Russian  State  Rail- 
^^  ■  A  \^^  principle  of  double  expansion,  which  is  now 
required  by  the  chief  administration  for  all  new  engines. 

In  1880  M.  VonBorries,  Superintendent  of  Motive  Power 

r  Ik    ^^"o^c*"  State  Railroads,  encouraged  by  the  success 

ot  the  engmes  of  the  Bayonne-Biarritz  Railroad,  applied 

tne  compound  principle  to  two  four-wheel  engines,  which 

vere  used   in  local  service,    and   which   were  built  by 


"vvHfK  tk  "?-^  Elbing.     His  object  was  to  do  away  entirely 

(oh  °^''^c*  admission  of  steam  to  both  cylinders,  and 

tn  a  ^-^i       ^"&>"e  always  worked  as  a  compound  in  order 

avoid  some  inconveniences,  the  importance  of  which  he 


exaggerated  very  much.  In  these  first  machines  the  throt- 
tle valve  was  arranged  in  such  a  way  as  to  send,  when  it 
first  opened,  live  steam  from  the  boiler  to  the  intermediate 
reservoir,  but  to  close  this  passage  when  it  was  further 
opened.  These  engines,  in  comparison  with  others  pre- 
viously used,  which  were  exactly  the  same,  with  the  ex- 
ception of  the  compound  arrangement,  showed  an  economy 
of  20  per  cent.,  which  led  the  management  to  extend  the 
application  of  the  principle.  The  starting  devise,  how- 
ever, did  not  give  good  results,  and  Mr.  Von  Borries 
changed  it  several  times  before  reaching  his  present  ar- 
rangement. 

The  next  machines  were  two  locomotives  of  about  38 
tons  weight  with  six-coupled  wheels,  followed  in  1884  by 
several  passenger  engines. 

In  1884  Mr.  Worsdell  applied  the  compound  system  in 
the  same  form  to  an  express  engine  on  the  Northeastern 
Railroad,  in  England,  which  had  cylinders  18  and  26  in. 
in  diameter  and  24  in.  stroke,  and  driving-wheels  7  ft.  in 
diameter.  The  starting  arrangement  was  very  similar  to 
that  of  Mr.  Von  Borries,  and  an  apparatus  of  this  descrip- 
tion, known  as  the  Worsdell-Von  Borries  system,  was  ap- 


plied to  a  large  number  of  two-cylinder  locomotives  built 
for  different  lines  in  Europe,  South  America  and  British 
India. 

While  I  admit  the  important  services  of  Mr.  Von  Borries 
in  introducing  the  compound  engine,  I  hardly  think  that 
his  friends  have  been  justified  in  establishing  a  certain 
confusion  between  the  automatic  starting  apparatus  and 
the  two-cylinder  compound  engine  itself.  This  has  been 
done  by  a  number  of  English  and  German  writers,  but  the 
fact  is  that  if  the  two-cylinder  compound  engine  is  used, 
it  is  because  it  gives  economical  results  with  the  least  pos- 
sible complication.  Now  these,  especially  the  former,  do 
not  depend  in  any  way  on  the  use  of  a  particular  form  of 
throttle  valve.  In  fig.  4  there  are  reproduced  four  plans 
presented  by  myself  before  the  Institution  of  Mechanical 
Engineers  in  London  for  compound  engines,  A  and  B  being 
for  inside-cylinder  passenger  engines  ;  C  for  an  outside 
cylinder  passenger  engine,  artd  3  for  the  outside  cylinder 
freight  engine.  These  arrangements  are  identical,  even 
the  proportions  being  almost  the  same  as  those  which  were 
used  several  years  later  in  locomotives  recently  called  the 
Worsdell-Von  Borries.  That  name  should  really  be  ap- 
plied only  to  the  throttle  valve  arrangement. 

M.  Von  Borries  has  also  sought  to  present  his  engine  as 
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TABLE  or  DIMENSIONS  OF  FIFTY  , COMPOUND  LOCOMOTIVES  OF   DIFFERENT  TYPES. 


Railroad  Line. 


System. 


Two  C%'UNi>Ex  Typb. 
liBayonne-Biarritz 


Mallet. 


3  Haironvilje-Triancourt. ..' 

4  Orleans* ; 

5  Spanish  Northern* ' 

6  Southwest  Russian,  pass. . 

7  irt. . . . 

g' Athens-Laurium 

5  Jura-Simplon* '       •* 

loj Austrian  State* , 


M'l't-Br'n'r 


j2  French  State* 

13  High  Speed,  proposed. 

M 

15! Prussian  State,local  service  Von  Borrics 

x6         "  "     freight 

17I         "  "      pass.... 

18  Alsace-Lorraine,  pass. . 

19  Saxon  State,  express.. . 


Builders. 


Cr'us'tW'ks 

Passy  W'ks. 
it  ti 

Co.'s  Shops. 


Kessler 

Co.'s  Shops 


30 

23 
25 


Lindr 


L'dn'r-Kr'ss 
ki        ii 

Von  Borries. 


pass 

"  freight.... 
Bavarian  State,  pass..  . 
"  freight.. 
"  local... 
Wurtemburg  State,  pass 
»6  North  Eastern,  Eng.,  exp. ;  Worsdell... . 
a;      '• 

38  Great  Eastern,  Eng.,  frt 

39  Jura-Simplon,  Mogul I  Winterthur. 

30  Griasi-Tsaritsin,*  pass Urquhart... 

31 ;       "  "        *freight    ' 

33[Vladicancus,  freight jLindner. 

33'Michigan  Central,  pass....  Pitkin 


Thrbb  Cylindbk  Type. 
34  L'n'n  ft  N.W.,  Experiment  Webb 


35 


Dreadnought 


361  Western,  express 1      "     .... 

37  French  Northern Sauvage. . 


Schichan.. 
Henschell. 


Chemnitz... 


Kessler 

Co.'s  Shops 
t<         ti 

it         i( 

Winterthur. 
Co.'s  Shops. 


Co.'s  Shops. 


Sh'rp-St'w't 
Co.'s  Shops. 


Four  Cylinder  Typk.    ' 
38  French  Northern,  express.  De  Glehn 

3Q  Decauvllle,  articulated..      Mallet..    , 

<  <i  >>  I      t( 

4o|  ...! 

41 '  Local  lines,  **         . . .  |  " 

42  Durango-Zamarraqua i  ** 

43  Herault 

44  Central  Swiss " 

45|Gothard i  "       ... 

46  French  Northern Du  B'squet.  Co.'s  Shops 

47  Paris-Lyons-Med.  pass... .  P.-L  -M 
48 


Soc.Als'c'ne 
Decauville. 

44 

Soc.  Als'c'ne 

Couillet 

Call 

Maffei 
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U 
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0 
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(« 

o 


4'8^- 

imVr 

4'8^' 

5'6- 

S'o- 

S'o- 

im't'r 

4'8V6- 
4' 8^ 

4' 8^ 

4'8J^- 

4'8J^' 

4'8>i' 

4'8Ji 

4'8Ji 

4'8>^ 

4'8Ji- 

4' 8^ 

4'8V4' 

4'8}^- 


876 
878 

877 
878 
878 
879 
887 
88j 
b88 
889 
889 
888 
889 
889 
88  X 
883 
883 
889 
886 
889 
885 
890 
88914'  8>i" 


o  •; 

.  w 


■o 

"  S" 

o  o 


890 

889 
888 
889 
890 
889 
887 
888 
889 


4'8Ji- 
♦'8Ji- 
4'8j~i' 
4'8J^- 

4'8>^" 
5'o" 
5'o- 
S'o" 


889  4'  9'' 


1881 
1886 
1883 


4'8>^" 
4'8H" 
4'8^- 


1 888 1 4' 8V^ 


8'  8 

I 
10 


6;  4 

I 
('■  4 

I 

8    6 


.1 


I 


49 

50 


•'  "  "      frt "   "  "  ... 

"h'vygr'd's    "  "  "  ... 
Baltimore  &  Ohio,  pass...   Baldwin... 


'  II  41 

Baldwin 


1886 
1887 
1888 
1888 
1889 
1890 
1890 
18S9 
1888 
1889' 
1889' 
1889 
1889 


4'8H" 

2'0' 

a'o" 
im't'r 
1  " 

4'8J<- 
4'8«- 

4'8H- 

4'8^" 
4'8^- 


.2 

a 

U) 

V 

o 


sq.ft. 

10 '76 

13-56 

6.99 

17-44 
14  aS 
1570 
3368 

8-93 
14-64 

3I-IZ 
18-90 
12-93 

21-53 
34-33 
8-61 
16-04 
18-84 
i(>-47 
19-59 
19-59 
X5-i8 

30-34 

17-87 

»3-99 
17-11 

»7-3.1 
19-91 
17-87 
16-15 

17-00 
19-91 
33-71 


V 

u 

n 

3 

WJ 

M 
_B 

rt 

X 


.5 
8 


sq.ft.  !  lbs. 


17-11 

19-91 

16-90 
32-61 


64    24-43 
4    4      S-a? 


5-»> 
8-18 

8-39 
16-15 
19-38 
t3-68 

32-39 

25  19 
26-51 
8  8  23-47 
8    4    25-08 


.4|4! 
41  4, 

ii 

4  4 

6  61 

4  4 

8  4 

S\  8 


485 
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.35« 
1.464 
1,191 
1,126 

i.34<5 

518 

1.437 

3,017 

1,293 

1,084 

1,393 

1.72a 

371 ; 

1.332 

i.osSi 

944| 

1,098 

«.044: 
1,338 
1,191! 
1.355 
782  j 

I.13« 
».'95 
1,140 

1,214 

1.305 

I 

1,189 
1,916 
1,679 


142 
142 
142 
121 

TOO 
138 

ia8 

142 
142 

»4« 
14a 

128 
170 
170 
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170 
170 
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170 
170 
170 
170 
170 
170 
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176 
176 
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138 
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i5« 
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>4 

U 

n 

B 

C/3 


1,084  »63 

i 
1,36a'  180 

j 
i,o6o|  15Q 
1,334  300 


1,113  X56 

340  170 

340  170 
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452  170 

823  170 

1,346  170 

1,658  170 

'.356  14a 

1.340  213 

1,668  213 

1,647  213 

1,604  163 


inches 

9-4^ 

11-02 

8-66 

«6-54 

i7-3« 
16-54 
19-69 
12-60 
17-72 
1860 
16-58 

j6-54 
21  -26 
20-47 
io-6o 
18-11 
16-54 

M-57 

i6-54 

ifi-54 
i8-ii 
16-93 
19-14 
14-17 
xfi-54 
i8-oo 

30-00 
18-09 
17-72 
17-35 
18-50 
19-69 
20-00 


3 

13-00 

2 

14'00 

a 

13-00 
17-00 


13-00 
6-69 

736 

9-84 

11  -02 

12-00 

13-00 

«5-75 
15-00 
12-30 

»3-.39 
14-17 

12-00 


•o 
U 

.J 


V 

V 

E 

« 


inches 

'5-75 
i6-54 

13-58 
21-65 
23-62 
23-62 
27-95 
18-90 

25 -.sg 
26-18 
23  •  62 
23  62 
31-89 
31-10 

16 -54 
25 -59 
23-62 
31-65 
25-59 
25-59 

«5-59 
24-02 

27-76 
22 'OS 
23-62 
36-00 
28-00 
36-00 
25-20 
25-28 
25-60 

2795 
29-00 


26-00 

30-00 

26-oc 
27-56 


18-11 
10-04 
11.02 
1496 

15-75 
1811 
21-65 
22-83 
36-00 
19-69 
ai-36 
31-26 
20-00 


o 
> 

o 

.2 

a 
06 


o 
8 
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Weight. 


inches  inches 


:2-78  17-72 

:3-35  21-65! 

:a-S3  XS-7S| 

:x-7'  25-59 

:i-85i  2362 

:a-o4!  33-63 

:3-oi  25-59' 

:3-25  30-87 

:2-o8  35-59 

:3-oo  34-88 

:a-o3  34-88; 

;3-o4  23-621 

13-35  24-02 

:2-3o,  24-02: 

:3-4o  16-54' 
:2-o(jf^  34-80 

:2-o4;  22-83 

:2-33  19-69 

1  ^      ' 

:2-4o  32-05 

:3-4c  22-05 

:3-ooj  34-03 

:3-oo  34-03 

:2-io  24-80 

I  ' 

:a-4o|  19-69J 

:2.o4i  22-05 

:a-i2i  24-00 

:i-96j  24-oo| 

;3-09  34-00 

:3-oi  25-40 

;2-i5i  24-00 

;i-9i'  24-00 

;3-oi  25-40' 

:2-io  24-00 


c 
O 


lbs. 


47-25 

47-25 
29-52 
78-74 
5118 
66-93 
51 -»8 

35-43 
5157 
46  65 
49-76 
59-45 
84-65 
78-74 
44-49J 
52-361 
68-11' 

I 

59-05; 

73-82; 

62-42 

54-72 

73-23 

52-36 

42-91 

64-96 

84-00 

9»-34 
57-88 

59-84 
6500 
51-20' 

47-24I 
68-00' 


o 


lbs. 


3X.960 

48,488 

31.960 

49.150 

71,630 

58,400 
103,600 

56.200 

79  800 
102,500 

77.»40 

73,850 

66,120 

66,120 

24.500 

84,850 

57,300 

57,300 

63,250 

60.200 

92,600 

63.900 

90,350 

59,500 

61,713 

7>.63o 

39,670;  104,470 

8S,i6o    88,160 

79,350!    96,600 

52,900 


> 


OS :; 


w 

E 

o  g  .2  > 

> ._     tr.~ 
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39.672 
48.488 

31,960 
84,200 
71.630 
79.350 

103,600 
56,200 
79,800 

loi'.soo 
77.MO 
73.850 

110,200 

^110,200 
44.000 
84,850 
83.750! 
76,900 
91.250 
89.300 
92,600 
93,650 
90.350 
74.700 


90,400 


79.350 


79,350 


109,100  109,100' 
96,975   126,500 


kilog.j 

1,080  4 

I.79S  3 
1,2904 

2.3664 
3,123  5 
2,802^4 

5.625 1 5 

3.o»o's 
5,"22  5 
5.8g£  5 
4,430jS 
3.»5i  4 
5,0286 
4,948  6 
1,627  6 
6,018  5 
3,546  4 
2.735  3 
3,o»6  4 
3.670  5 
5.567^4 
3,6394 
6.7'7  5 
3.844  j  5 
3.408  4 
3.3303 
4.214  7 
5.350^4 
4,767  4 
3.3346 
4,662  5 

7,4395 
5.7854 


144-14 

673-67 

384-38 
-41  5-38 
1017-29 
'79:5'32 
•36|5-95 
32'5-3-= 
•785-7S 
0715-07 
i45-'4 
27,4  •7t 
lo'5-io 

•34  5-29 
•  195-16 
-20  4-33 
64  3-86 

87  3-22 

•38!3-65 
55  4-6. 
42|3-69 
21  35' 
744-78 
334-44 
36  363 
883-47 
38|5-95 
53365 
86^4-42 
547-07 
•506-11 
-51' 5 -01 
-373-4.3 


i:a-ooi  24-00   78-00 


1:2-391  24-00 


75-00 


1:2-00   24-00    79-13 


61,700 
66,120 

57,.300 


83.300    3.857  4*77!4-i5 


97,000 


5,070  6-19  4-95 


81,550:    .1,453  5 -o«  4-8? 
1:3^68    27-56    6400     89,500   104,500^    5.552  5^22  3-73 


1:1 
fa 

1:2 
1:2 
1:2 
i:a 
i:a 
1:3 

1:3 
1:3' 
i;a 
1:3 


95  24-00 
25  10-24 
10-24 
18-11 


15-75 
20-47 
25-19 
25  19 

25-59 
24-40 


5? ''25-59! 

^5     25-59 
77    24001 


82-68 
23-12 
23-62 
35-43 
35-43 
47-24 
55-»2 

48-43 
51-18 
78-74 

59-50 
49-61 
66-00 


I 


60,830 
23.MO 

23,800 

49.600J 

50,7001 

68,300 

112,400 

169,800! 

"3  950 

65,250^ 

I25,40oj 

•25,700, 

75,400. 


83.300 
23,»4o 
33,800 
49,600 
50,700 
68  300 

113  400 
169,800 
113,950 
117,900 
125,400 

i25,7cx> 
105.350 


3,4744 
1.502  5 
1,817  6 
3,8326 
4,1776 
4,8365 
6,913  5 
9.9904 


7,220 


8 


4.469  5- 
7,5«3'4- 
10,030  5- 
3.8835-494-78 


44J4-04 
37'4-47 
295-24 
56547 
»7;5-M 
01  4-92 

404-50 
543-80 
8-40 
3-48 

2-^ 

3-52 


NoTB. — Engines  marked  ♦  were  rebuilt  from  simple  engines.     The  formula  used  for  calculating  *'  tractive  effort"  is  0-50/  — 

The  formula  used  for  calculating  proportional  volume  of  expansion  is  j—y     For  computing  proportional  volume  of   expansion  reduced  to  uniform 


pressure  (14a  lbs.)  it  is 
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a  new  compound  system,  claiming  that  his  machine  is 
always  worked  on  the  compound  system,  while  mine  could 
be  worked  either  as  compound  engines  or  by  steam  taken 
directly  from  the  boiler.  Really  there  is  no  difference  in 
principle  ;  it  is  simply  a  question  of  convenience  ;  because 
my  locomotives  can  work  as  ordinary  engines  it  does  not 
follow  that  they  must  do  so  when  it  is  not  necessary.  In 
tact,  the  direct  admission  of  steam  is  only  used  under  ex- 


It  is'useless  to  go  further  in  this  enumeration.  It  is 
sufficient  to  say  that  of  the  900  compound  locomotives  now 
in  use  from  700  to  750— that  is,  80  per  cent. — are  of  the 
two-cylinder  type,  of  which  we  are  speaking. 

As  I  have  said  above,  the  engines  of  this  type  differ  only 
from  those  built  for  the  Bayonne-Biarritz  by  some  small 
modifications  in  the  arrangement  of  the  minor  parts. 
These  are  the  starting  apparatus  and  that  for  changing 
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ARRANGEMENT   OF   TRACKS 

traordinary  circumstances.  The  economy  again  is  not  on 
account  of  the  system  of  admission  of  steam,  but  the  ap- 
plication of  the  compound  principle.  American  engineers, 
disinterested  as  to  the  origin  of  the  compound  engine, 
have  judged  more  fairly  than  those  in  Europe. 

It  has,  however,  been  remarked  with  some  malice  that 
while  the  double-expansion  locomotive  with  two  cylinders 
originated  in  France,  it  is  least  employed  there,  and  it 
would  be  difficult  to  give  the  reasons  for  this  fact. 

To  go  forward  a  little  further,  something  has  been  done 
in  many  quarters  with  the  compound  locomotive  either  by 
construction  of  new  engines  or  by  the  alterations  of  existing 
ones.  In  1886  Mr.  Thomas  Urquhart,  Chief  Engineer  of 
the  Griazi-Tsaritsin  Railroad  in  Russia,  altered  a  six-wheel 
coupled  freight  engine  to  a  two-cylinder  compound  to  study 
the  real  value  of  the  system.  The  results  have  been  so  favor- 
able that  Mr.  Urquhart  has  already  -21  of  his  engines 
changed  to  compound.  All  these  engines,  by  the  way, 
burn  petroleum. 

On  the  Holland  State  Railroads,  some  old  engines 
were  changed  and  some  new  compound  locomotives 
were  built  at  about  the  same  time.  On  a  few  of  these 
the  singular  arrangement  was  adopted  of  having  two  cylin- 
ders of  unequal  volume,  but  of  the  same  diameter,  the 
oitference  being  made  in  the  stroke.  Thus  both  cylinders 
were  17.9  m.  in  diameter  ;  the  stroke  of  one  was  15.75  in., 
and  of  the  other  31.50  in.,  which  gave  a  ratio  of  1:2  be- 
tween the  cubic  contents.  This  arrangement  was  not  con- 
tinued, and  the  only  reason  given  in  its  favor  was  the  fear 
ot  having  unequal  strains  upon  two  pistons  of  differing 
diameter,  when  steam  was  admitted  directly,  which  was 
aone  by  a  throttle  valve  similar  to  those  used  on  the 
JiayonneBiarritz  engines.  Some  very  interesting  experi- 
ments were  made  with  these  machines. 


AT   WOODLAWN   JUNCTION. 

direction,  and  it  will  be  well  to  review  here  briefly  the 
more  important  of  the  forms  adopted  for  these  parts. 

(to  be  continued.) 


A  JUNCTION   PROBLEM. 


The  accompanying  illustration  shows  the  plan  adopted 
in  disposing  of  a  somewhat  difficult  problem  presented  at 
Woodlawn,  the  junction  of  the  New  York,  New  Haven  & 
Hartford  with  the  New  York  &  Harlem  tracks,  a  few  miles 
from  New  York  City.  Fig.  i  is  a  perspective  view  ;  fig.  2 
a  plan  ;  fig.  3  a  profile  of  the  new  arrangement  of  tracks 
and  grades  at  this  point,  which  has  been  designed  by 
Chief  Engineer  Katte. 

At  Woodlawn  station,  just  below  the  crossing  of  the 
Bronx  River,  the  four-track  line  of  the  New  York  &  Har- 
lem Railroad  terminates,  the  road  above  that  point  having 
a  double  track  only,  and  just  above  the  crossing  of  the  river 
the  tracks  of  the  New  Haven  road  come  in.  Some  time 
ago,  in  order  to  avoid  the  crossover  outside  of  the  Grand 
•Central  Depot  in  New  York,  the  plan  of  running  the 
Harlem  trains  on  the  left-hand  track  was  adopted,  but  the 
New  Haven  trains,  on  their  own  road,  continued  to  run 
upon  the  right-hand  track  according  to  the  general  cus- 
tom. This  involved  an  additional  crossover  at  the  junc- 
tion, which,  of  course,  always  presents  elements  of  delay 
and  danger,  and  it  is  to  avoid  this  additional  grade  cross- 
ing that  the  new  arrangement  has  been  adopted. 

The  diagram  is  so  plain  that  very  little  explanation  will 
be  required.  It  will  be  seen  that  the  north-bound  New- 
Haven  track  under  the  new  arrangement  will  leave  the 
north-bound  Harlem  track  at  a  point  close  to  the  Bronx 
River  Bridge,  and  will  be  carried  on  a  gradually  ascending 
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jrrade  for  about  i,6oo  ft.,  when  it  will  cross  the  Harlem 
tracks  and  the  south-bound  track  of  its  own  road  on  a 
bridge,  and  will  continue  on  a  level  and  then  on  a  slightly 
ascending  grade  until  it  again  meets  the  south-bound 
track.  The  grade  of  the  Harlem  tracks  will  be  slightly 
raised  from  Woodlawn  station  to  a  point  beyond  the  cross- 
in"^  of  the   Bronx,  where   it   will   change  to  a  descending 

■  rade  for  about  1,500  ft.,  and  then  to  a  gradually  rising 

^  racie  until  it  meets  the  old  level  at  Washingtonville.  The 
south-bound  New  Haven  track  will  leave  the  Harlem 
-rrade  just  beyond  the  point  where  the  north-bound  track 
crosses  it,  and  will  have  a  continuous  ascent,  slightly 
•  reater  than  that  of  the  old  line,  until  it  is  rejoined  by  the 
Morth-bound  track.  The  work  involved  in  this  change  is 
not  of  a  very  expensive  nature.  It  includes  the  raising  of 
the  north-bound  New  Haven  track  on  an  embankment  ; 
raising  the  Bronx  River  Bridge  ;  the  bridge  over  the  Har- 
lem tracks  ;  some  embankment  required  for  the  change 
ot  the  Harlem  grades,  and  the  excavation  of  a  new  chan- 
nel for  the  Bronx  River  for  a  distance  of  about  1,000  ft, 
Tne  gain  in  convenience  and  safety  of  running  will  much 
more  than  compensate  for  the  additional  expense. 

With  the  completion  of  the  work  of  sinking  the  tracks 
through  the  Annexed  District  of  New  York  City,  the  Har- 
lem Division  of  the  New  York  Central  has  a  four-track 
line  from  the  Grand  Central  Depot  to  Woodlawn,  with 
the  exception  of  the  short  break  at  Harlem  Bridge.  The 
two  outside  tracks  are  used  for  running  the  local  trains 
and  the  two  inner  tracks  for  express  trains.  In  that  dis- 
tance also  the  road  is  now  free  from  grade  crossings  of 
streets,  being  permanently  below  the  city  level.  The  only 
question  which  remains  to  be  settled  is  the  much-dis- 
cussed problem  of  the  Harlem  River  crossing. 


AN   ENGLISH   EXPRESS   LOCOMOTIVE. 


The  accompanying  illustration  shows  one  of  several 
express  passenger  locomotives  recently  built  by  the  firm 
of  Robert  Stephenson  Sc  Company,  Newcastle-upon-Tyne, 
England,  for  the  Great  North  of  Scotland  Railway,  from 
the  designs  of  Mr.  Robert  Manson,  Locomotive  Super- 
intendent of  the  road.  For  the  engraving  and  description 
we  are  indebted  to  the  London  Engineer. 

The  engine  is  of  the  eight-wheel  type,  having  two  pairs 
of  driving-wheels  6  ft.  6^  in.  in  diameter,  and  a  four- 
wheeled  truck  in  front,  the  truck  wheels  being  3  ft.  9^  in. 
in  diameter.  The  engines  have  inside  cylinders  18  in.  in 
diameter  and  26  in,  stroke,  the  cylinders  being  cast  to- 
gether in  one  piece,  the  slide-valves  being  placed  on  the 
top  of  the  cylinders,  and  driven  by  a  link  motion  and 
rocking  levers.  The  engines  are  fitted  with  balanced 
slide-valves,  designed  by  Mr.  Manson,  The  pressure  on 
the  back  of  the  valve  is  relieved  by  a  ring,  which  is  held 
up  to  the  casing  door  by  a  light  tripod  spring.  This 
arrangement  greatly  reduces  the  wear  and  tear  of  the 
valves  and  gear,  and  since  it  was  adopted  by  Mr.  Manson 
on  the  Great  North  of  Scotland  Railway,  engines  have  run 
100,000  train  miles,  with  a  wear  of  the  slide-valves  amount- 
ing to  only  yV  in. 

The  truck  is  provided  with  the  ordinary  swinging  ar- 
rangement, which  enables  the  engine  to  pass  round 
curves  with  perfect  steadiness.  The  main  frames,  which 
are  of  steel,  are  set  in  at  the  front  end  to  give  sufficient 
clearance  for  the  truck  wheels.  The  wheels  are  of 
wrought  iron,  and  the  coupled  wheels  have  the  balance 
weights  forged  solid. 

The  boiler  barrel  and  fire-box  casing  are  of  best  York- 
shire iron,  the  internal  fire-box  and  tubes  being  of  copper. 
There  ar«  1087  sq,  ft,  of  heating  surface  in  the  tubes,  and 
•o6  sq.  ft.  in  the  fire-box,  giving  a  total  heating  surface 
of  1193  sq.  ft.  The  grate  surface  is  18  sq,  ft.  ;  the  fire- 
box is  fitted  with  16  copper  air  tubes,  3  in,  external  di- 

^"^f^k"^'  ^°"  ^  ^"  ^'  ^^^^^'  *"  *^v°  ^°ws  of  eight  in  front 
and  back,  for  conducting  streams  of  air  into  the  fire-box. 
inis  arrangement  has  been  successfully  used  on  the  Great 
iNorth  of  Scotland  Railway  for  upward  of  30  years,  being 
originally  employed  as  Mr,  D.  K,  Clark's  system  of 
th  t"^K  "^"*^^^  air  currents.  In  practice  it  has  been  found 
at  the  steam  nozzles  are  not  re2[uired  when  the  engine 


is  running,  and  the  blower  in  the  chimney  answers  when 

the  steam  is  shut  off.  The  boiler  is  fed  by  two  No,  8 
Gresham  &  Craven  self-acting  re-starting  injectors,  the 
water  being  delivered  near  the  center  of  the  barrel  by  a 
pipe  inside  the  boiler,"  the  clack-boxes  being  fixed  on  the 
back  of  the  fire-box.  ;Sand  is  delivered  in  front  of  the 
driving-wheels  by  Gresham's  steam-sanding  apparatus. 
The  engines  are  fitted  with  the  Westinghouse  brake, 

the  main  and  auxiliary  reservoirs  for  which  form  part  of 
the  drag-plate  casting.  The  engines  are  also  fitted  with 
Mr.  Manson's  train  tablet  exchanging  apparatus. 

The  weight  of  this  engine  light  is  86,900  lbs.;  in  work- 
ing order  it  is  94,100  lbs.,  ot  which  61,800  lbs.  are  carried 
on  the  drivers  and  32,300  lbs.  on  the  truck. 

The  tender  is  carried  on  eight  wheels,  the  four  hind 
wheels  being  connected  to  the  main  frame  of  the  tender, 
while  the  four  front  wheels  are  connected  to  a  truck  of  the 
same  design  and  construction  as  the  engine  truck.  The 
tank  carries  3,000  gallons  of  water  and  about  three  tons 
of  coal.  The  weight  of  the  tender  when  loaded  with  coal 
and  water  is  80,600  lbs. 


THE   SUBMARINE  MINE  AND  TORPEDO  IN 
HARBOR  DEFENSE. 


By  First  Lieutenant  Joseph  M.  Califf,  Third  U.  S. 

Artillery. 


(Copyright,  1890,  by  M.  N.  Forney.) 


{Continued /rom  Page  33,) 


VI.— CONTROLLABLE   MINES. 

An  efficient  system  of  controllable  submarine  mines 
was  an  impossibility  until  the  progress  in  electrical  science 
placed  within  the  hands  of  the  engineer  a  reliable  agent 
through  which  this  control  could  with  certainty  be  exer- 
cised. A  mechanical  controllable  mine  is  a  possibility, 
as  was  shown  in  the  early  days  of  the  Rebellion,  to  which 
reference  has  already  been  made  ;  but  to  operate  this  kind 
of  a  mine  requires  such  a  concurrence  of  favorable  con- 
ditions that,  together  with  the  unreliability  of  the  agents 
which  must  be  employed,  it  places  it  altogether  out  of  the 
question  in  considering  a  system  of  mine  defense,  A  con- 
trollable mme  is,  therefore,  an  electrical  mine,  although 
the  converse  of  this  is  not  always  true,  since  some  of  the 
strictly  self-acting  mines  are  exploded  by  electrical  agency, 
as  has  been  previously  described. 

The  same  division  into  Ground  and  Buoyant  Mines 
exists  among  controllable  as  in  those  that  are  automatic, 
although,  from  the  conditions,  a  buoyant  mine  much  better 
fulfills  the  requirements  of  a  contact  mine  than  one  that  is 
placed  upon  the  bottom  of  a  channel,  and  which  must  be 
exploded  by  means  of  a  dummy  or  buoy  attached. 

Controllable  Mines  are  classed  under  two  different 
heads,  dependent  upon  the  method  adopted  for  firing 
them,  into  Observation  ox  Judgment  zxid.  Electro-Contact 
Mines.  An  observation  mine  is  usually  a  ground  mine 
whose  position  is  known  by  means  of  cross-bearings  of 
objects  on  shore,  by  plane  tables  or  other  instruments, 
which  will  indicate  just  where  the  mine  is  and  also  when 
a  vessel  is  above  it. 

This  method  of  firing  possesses  the  advantage  of  sim- 
plicity, since  no  circuit-closing  arrangement  is  necessary — 
the  battery,  the  fuse  within  the  mine,  and  the  key  of  the 
operator  completing  the  electrical  circuit.  It  was  one 
of  the  first  methods  adopted  for  electrical  mines.  It  is, 
however,  open  to  the  objections  that  a  clear  field  of  vision 
is  required  to  locate  both  the  mine  itself  and  its  object. 
Darkness,  a  thick  fog,  or  the  smoke  of  battle  would  render 
such  a  system  for  the  time  inoperative,  except  that  a 
properly  placed  search  light  might  obviate,  in  a  measure, 
this  difficulty.  Furthermore,  the  greatest  care  must  be 
exercised  in  putting  down  an  observation  mine  so  that 
its  position  cannot  be  mistaken  ;  and  finally  the  whole 
efficiency  of  the  mine  rests  upon  the  man  at  the  firing-key, 
who  may  err  in  judgment  not  only  as  to  the  relative  posi- 
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tions  of  mine  and  ship,  but  also  be  at  fault  when  called 
upon  to  decide  upon  the  instant  whether  an  approaching 
vessel  be  that  of  friend  or  foe — a  contingency  likely  to 
happen  in  any  harbor  attack  where  fleets  are  engaged, 
and  to  face  which  would  require  a  combination  of  cool- 
ness, nerve  and  quick  judgment  few  men  would  care  to 
be  called  upon  to  exercise. 

An    electro-contact    mine,  on   the   other  hand,   leaves 
nothing  to  the  judgnent  of  the  observer  as  to  the  position 
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of  an  enemy's  ship.  He  may  mSlake  a  friendly  for  a 
hostile  craft,  but  he  will  never  mistake  its  position,  since 
the  blow  from  a  passing  vessel  will  at  once  indicate  to 
the  shore  station  that  it  is  above  the  mine.  Such  mines 
may  be  arranged  so  as  to  be  fired  at  will  or  automatically. 
In  the  one  case  the  blow  closes  an  electrical  circuit  and 
signals  the  fact  to  the  observer  by  dropping  a  shutter  or 
ringing  a  bell,  leaving  it  to  his  will  whether  or  not  to  ex- 
plode the  mine  ;  or  the  signaling  current  may,  instead, 
be  made  to  switch  in  a  powerful  firing  battery,  and  thus 
explode  the  mine  in  a  purely  automatic  manner.  The 
alvantages  of  such   a  system  of  mines  in  a  channel  or 


water  way,  that  must  be  used  by  friendly  ships  and  may 
be  used  by  a  hostile  fleet,  are  too  obvious  to  need  men- 
tioning. 

An  observation  ground  mine  may  be  converted  into  a 
contact  mine  by  the  employment  of  a  buoy  anchored  above 
it,  which  carries  the  circuit-closing  apparatus,  and  with 
which  it  is  in  electrical  connection.  Fig.  ii  shows  such 
an  arrangement,  the  buoy  b,  carrying  the   signaling  or 


circuit-closing  device,  the  mine  a,  containing  the  fuse  and 
the  explosive. 

A  controllable  buoyant  mine  carries  within  its  case  a 
circuit-closer,  an  electrical  fuse  and  the  explosive  charge. 
Fig.  12  shows,  partly  in  section,  the  English  spherical 
mine  case — Gibbins' — previously  referred  to.  It  may  be 
of  iron  or  steel,  in  two  hemispheres,  and  bolted  together 
as  shown.  The  upper  hemisphere  is  provided  with  a 
sunken  eye-bolt  a  for  purposes  of  handling.  The  lower 
hemisphere  has  the  loading-hole,  b,  into  which  is  inserted 
and  bolted  a  cylindrical  case,  c,  containing  the  circuit- 
closer,  the  fuse  and  the  priming  charge.  Secured  within 
this  lower  henrjisphere  is  an  iron  case,  d,  containing  the 
main  charge  of  explosive,  in  the  center  of  which  is  the 
case  containing  the  fuse  and  priming  charge  ;  e  e  are  lugs 
for  mooring  purposes. 

Another  method  of  joining  the  two  hemispheres  so  as  to 
eliminate  the  objection  to  the  protruding  flanges  of  the 
other  form — in  the  hold  they  would  give  to  the  grappling 
irons  of  an  enemy — is  shown  in  fig.  13.  Here  an  inside 
web  plate  of  T  iron  is  provided,  to  which  is  riveted  the 
edges  of  the  two  hemispheres. 

Fig.  14  shows  the  form  of  the  McEvoy  ground  mine. 
The  case  is  of  cast  iron,  the  base  of  which  is  of  sufficient 
thickness  to  give  the  necessary  mooring  weight.  The 
dome-shaped  portion  varies  from  about  i  to  i  in.  in  thick- 
ness, according  to  the  depth  of  water  in  which  it  will  be 
located.  The  case  for  the  500-lb.  mine  weighs  800,  that 
for  the  I, coo-lb.  mine,, 2, 000  lbs.  In  this  figure  a  is  the 
loading-hole  ;  b  the  fuse  and  primer  case  ;  c  the  connect- 
ing cable,  and  d  d\w^%  for  handling  or  attaching  a  buoy. 


In  the  United  States  service  the  case  for  the  buoyant 
mine  is  spherical  in  form  and  made  of  two  thin  hemi- 
spheres of  steel,  the  narrow  flanges  of  which  are  welded 
together,  forming  a  water-tight  joint.  The  hemispheres 
are  pressed  into  shape  by  hydraulic  machinery.  The  case 
for  the  loo-lbs.  mine  is  32  in.  in  diameter  and  \  of  an  inch 
in  thickness.  For  ground  mines  the  mushroom  shape, 
as  shown  in  fig.  11,  is  recommended.  The  material  is 
cast  iron  ;  the  size  and  thickness  of  case  depending,  of 
course,  upon  .the  amount  of  explosive  it  is  to  contain  and 
the  depth  of  water  in  which  submerged  ;  the  buoy  in  this 
figure  representing  our  spherical  mine  case. 

All  mine  cases  are  tested  for  two  qualities— that  of  being 
water-tight  and  having  sufficient  strength  to  resist  external 
pressure.  For  the  first,  they  are  fi  led  with  water  which 
is  subjected  to  moderate  pressure,  and  for  the  second  are 
submerged  in  water  of  greater  depth  than  where  they 
are  to  be  moored,  and  left  for  at  least  48  hours. 

VII. — CIRCUIT-CLOSERS. 

In  any  system  of  electrical  mines  the  most  vulnerable 
part  is  the  operating  apparatus.  It  is  that  part  most  liable 
to  get  out  of  order  and  at  the  same  time  that  upon  which 
the  whole  efficiency  of  the  system  depends.  No  matter 
how  powerful  your  mines  may  be  nor  how  effectively 
placed  if,  when  brought  to  the  test  of  actual  service,  the 
smallest  link  in  a  rather  intricate  chain  fails  to  perfectly 
perform  its  function,  the  failure  of  the  whole  system  is 
sure  to  follow.  The  links  in  this  chain,  upon  which  so 
much  depends,  are  the  signaling  and  firing  batteries,  the 
connecting  cables,  the  fuses  and  the  circuit-closers. 
While  all  are  equally  important  to  the  perfect  working  of 
the  system,  the  circuit-closer  is  the  more  intricate  in  its 
construction,  and  more  liable,  consequently,  to  cause 
failure  in  the  operation  of  a  system  of  mines. 

A  circuit-closer,  as  used  in  submarine  mining,  is  a  con- 
trivance for  bridging  a  gap  in  an  electrical  circuit,  which 
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circuit  includes  a  battery  of  moderate  power,  the  signaling 
devices,  an  electrical  fuse  imbedded  within  the  firing 
charge,  and  some  mechanism  for  switching  in  a  more 
powerful  current  for  tiring  purposes.  Where  the  mine  is 
to  be  fired  at  will  the  latter  can  be  cut  out  or  omitted  al- 
together. The  circuit-closer  must  be  placed  within  some 
buoyant  body  and  so  anchored  that  actual  collision  with 
a  passing  vessel  is  certain.  In  the  case  of  a  simple  ob- 
servation mine  no  circuit-closer  nor  signalling  device 
would  be  required.  The  only  breaks  in  the  electrical  cir- 
cuit, containing  the  battery  and  fuse,  would  then  be  the 
keys'  in  the  hands  of  the  observers  at  the  shore  stations. 

There  are  many  kinds  of  circuit-closers,  operating  ip 
different  ways,  and  all  of  more  or  less  intricate  construc- 
tion. All  are,  however,  alike  in  the  direction  that  the 
blow  ot  a  colliding  body  momentarily  secures  a  metallic 
contact  across  the  break  in  the  circuit,  which  may  be 
utilized  either  in  firing  the  mine  oc  simply  signaling  the 
presence  of  the  vessel. 

The  simplest  forms  of  a  circuit-closer  are  those  used  in 
automatic  electrical  mines,  previously  referred  to,  where 
the  colliding  blow  brings  the  electrical  current  at  once 
into  action  to  fire  the  mine  without  the  intervention  of  an 
operator  or  of  any  superfluous  mechanism. 

The  details  of  construction,  or  of  the  methods  of  con- 
necting up  the  circuits,  are  held  as  professional  secrets  in 
many  cases,  notably  so  in  our  own  service,  although  it  is 
doubtful  if  there  is  any  real  secret  in  the  matter  among 
military  experts  in  this  line.  Generally  speaking,  there  is 
a  vibrating  body  or  weight,  so  hfeld  in  place  by  springs  or 


otherwise  that  only  a  violent  shock  can  throw  it  out  of 
position,  and  an  electro-magnet,  the  core  of  which  is 
usually  wound  with  two  kinds  of  wire,  one  fine  of  high,  the 
other  coarse,  of  low  resistance.  The  testing  and  signaling 
current  can.be  passed  through  the  fine  wire  of  the  magnet 
and  through  the  detonating  fuse  without  danger.  The 
suspended  weight  is  so  connected  that  when  thrown  out 
of  position  an  electrical  contact  is  made  that  shunts  or 
short-circuits  the  current  through  the  coarse  wire,  or 
outside  the  resistance  coil,  increasing  its  intensity  suffi- 
ciently to  operate  the  signaling  apparatus  or  to  fire  the 
mine,  either  directly  or  by  switching  in  a  firing  battery. 

Fig.  15  shows  the  Gibbins'  (English)  circuit-closer,  as 
given  by  Commander  Sleeman.  Into  a  malleable  cast-iron 
base  a  are  screwed  two  pillars  which  support  a  metal  table 
^.  From  this  table  is  suspended  an  insulated  contact 
disk  c,  by  a  helical  metallic  spring  (i.  Upon  the  circum- 
ference of  this  disk  are  three  contact  screws  e,  correspond- 
ing to  which  are  as  many  contract  springs/,  sufficiently 
near  that  a  blow  will  bring  them  together  and  close  the 
circuit.  Upon  the  upper  side  of  this  table  is  a  relay  A. 
consisting  of  an  electro-magnet  /  and  armature  l\  Above 
the  relay  and  supported  on  the  pillars  is  a  case  /,  contain- 
ing the  detonating  fuse  and  the  priming  charge,  held  in 
place  by  a  spiral  spring  at  the  top.  The  whole  is  enclosed 
ma  drawn  steel  envelope  ;«,  closed  at  the  top.  provided 
•  wuft  a  flange  and  scr^w  QoUar,    The  gore  oi  the  magnet 


is  wound  with  fine  wire  of  about  2,cxx)  ohms  resistance, 
and  with  a  coarse  wire  with  a  resistance  of  4  ohms. 

When  in  position  a  weak  signaling  current  is  constantly 
passing  through  the  fuse,  an  electro-magnetic  signaling 
shvjFtter  on  shore,  through  the  fine  wire  coil  of  the  relay 
and  to  earth.  This  current  is  strong  enough  to  test  the 
fuse  and  to  transmit  signals,  but  too  weak  to  drop  the 
shutter  or  to  fire  the  mine.  A  violent  blow,  as  from  a 
passing^  ship,  starts  the  suspended  contact  disk  c  into 
vibration,  touching  the  contact  springs  /.  This  contact 
shunts  the  current  through  the  circuit  ot  low  resistance, 
which  is  then  strong  enough  to  drop  the  signaling  shutter 
on  shore.  The  observer  can  then  fire  the  mine  by  throw- 
ing a  firing  battery  into  circuit,  or  it  can  be  made  auto- 
matic by  an  arrangement  that  will  throw  this  batterj'  into 
circuit  when  the  mine  is  struck. 

In  the  Chatham  circuit-closer,  which  is  the  one  recently 
adopted  in  the  English  torpedo  service,  there  is  a  brass 
ball  suspended  by  a  spiral  spring  from  the  apex  of  a  tripod 
frame.  Below  this  ball  are  two  relays,  one  wound  with 
wire  of  2,000  ohms,  the  other  with  wire  of  only  5  ohms 
resistance.  Ordinarily  the  current  passes  through  the  high 
resistance  relay,  but  when  the  ball  is  made  to  oscillate  con- 
tact is  made  through  the  low  resistance  coil,  giving  the 
current  sufficient  additional  power  to  operate  the  sig- 
naling or  firing  apparatus. 

In  the  United  States  the  details  of  the  submarine  mine 
service  are  carefully  guarded.  The  wisdom  of  attemptmg 
to  maintain  such  profound  secrecy  in  this  or  any  other 
branch  of  national  defense  may  at  least  be  questioned. 
In  the  first  place,  sucli  a  policy  can  be  carried  out  but  im- 
perfectly, and  besides  the  benefit  of  intelligent  criticism  is 
lost.  One  well  remembers  the  price  the  French  nation 
paid  for  the  extraordinary  precautions  taken  in  the  years 
just  preceding  the  Franco-German  war  to  maintain-  the 
secret  of  the  famous  viitrailleuse.  An  arm  that  might 
have  played  an  important  part  in  the  struggle,  and  possibly 
have  changed  the  result  on  more  than  one  occasion  had  it 
been  intelligently  handled,  was  sent  into  the  field  with 
neither  the  capabilities  of  the  arm  nor  the  mechanism 
of  the  gun  itself  thoroughly  understood  by  anybody. 
Major  Clarke,  of  the  Royal  Engineers,  recently  writing 
upon  the  subject  of  mine  defense,  says  :  "  Each  nation 
pretends  keen  anxiety  as  to  the  secrecy  of  its  apparatus, 
and  each  knows  all  about  its  neighbor's  paraphernalia. 
The  fiction  qf  mystery  must  be  maintained,  however,  for 
is  it  not  calculated  to  enhance  the  moral  effect  which  is 
assumed  to  attach  to  ovine  ii^notum  ?"  The  same  writer 
also  says  :  "  It  may  well  be  that  submarine  mines  will  event- 
ually suffer  from  the  want  of  a  little  daylight,  or  even  a 
little  criticism  from  the  outside." 

Without  going  into  forbidden  details,  it  may  be  said  that 
the  electro-contaet  mine  is  the  one  most  relied  upon  in 
our  service.  In  putting  down  a  system  of  mines  two 
batteries  are  provided  —  a  signal  battery  with  a  potential 
of  7  or  8  volts,  and  a  firing  battery  of  .something  like  150 
volts.  A  metallic  cylinder  containing  a  fulminate  ot  mercury 
fuse  and  a  resistance  coil  is  screwed  into  the  base  of  the 
torpedo  case  and  made  water-tight.  A  current  from  the 
signal  battery  passing  through  the  fuse  and  the  resistance 
coil  is  supposed  to  be  on  at  all  times.  A  blow  upon  the 
torpedo  case  serves  to  short-circuit  the  current  outside 
the  resistance  coil,  giving  it  sufficient  additional  strength 
to  actuate  an  electro-magnetic  signaling  device  at  the 
shore  station,  or  automatically  bring  in  the  firing  battery, 
much  in  the  same  way  as  has  been  described  in  the  Eng- 
lish service. 

VIII.— ELECTRICAL   MINE   FUSES. 

An  electrical  fuse  is  a  device  for  producing  an  explosion 
by  means  of  electrical  agency,  and  consists  of  a  small 
charge  of  an  explosive  properly  placed  in  the  circuit  of 
an  electrical  current.  There  are  two  general  classes — 
high  and  low  tension — according  to  the  character  of  the 
current  employed.  The  former  employs  a  small  current 
of  high  potential,  the  latter  a  larger  current  of  lower 
potential.  In  the  high  tension  fuse,  advantage  is  taken  of 
the  capability  of  a  current  of  this  kind  for  throwing  a 
spark  across  an  appreciable  break  in  its  conductor,  by 
placing  in  this  gap  a  compound  sufficiently  sensitive  to  be 
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ignited  by  this  spark.  In  the  low  tension  fuse,  instead  of 
a  break,  there  is  introduced  a  bridge  of  fine  platinum 
wire,  which  is  brought  to  an  incandescent  heat  by  the 
resistance  it  offers  to  the  passage  of  the  current. 

A  high-tension  current  possesses  the  advantage  of 
being  so  little  affected  by  line  resistance  that  small  wires 
may  be  used,  but  perfect  insulation  is  very  neces- 
sary. It  can  also  be  employed  to  fire  mines  at  a  great 
distance.  With  a  low-tensign  current  the  line  resistance 
is  considerable  and  wires  of  larger  section  must  be  used, 
and  where  the  distance  is  great  only  a  small  number  of 
shots  can  be  fired  simultaneously.  On  the  other  hand, 
the  advantages  of  using  a  low-tension  current  for  mine 
work  are  so  great  that  it  is  now  almost  universally  used 
for  that  purpose.  The  opportunity  it  offers  for  constant 
and  careful  tests  of  the  condition  of  the  fuses  and  of  the 
whole  electrical  apparatus,  together  with  the  fact  that 
with  it  there  is  little  danger  of  producing  induced  currents 
in  contiguous  wires — a  grave  objection  to  high-tension 
currents — sufficiently  explain  the  reason  for  the  adoption 
of  the  low-tension  fuse. 

The  English  and  American  service  fuses  do  not  differ 
materially.  In  both  cases  the  bridge  is  of  iridio-platinum 
wire.  Fig.  16  shows  the  American  fuse,  which  can  be 
understood  with  little  explanation.  In  it  ^  is  a  wooden 
cylinder,  grooved  longitudiaally  on  opposite  sides  to  re- 
ceive the  conducting  wires  ;  d  a  cap  closely  fitting  over  a, 
closed  at  the  upper  end  by  a  paper  disk.  The  ends  of  the 
two  wires  c  c  are  bared  and  connected  at  their  extremities 
by  a  bridge  of  iridio-platinum  wire  x  about  \  in.  in  length 
and  .0025  in.  in  diameter,  and  surrounded  by  a  priming 
d  of  fulminate  of  mercury.  Over  this  is  placed  a  cylinder 
of  thin  copper  e  containing  the  detonating  composition 
f,  held  in  place  by  a  paper  disk.  The  dimensions  of  the 
finished  fuse  are  1.4  X  .4'. 

In  the  English  fuse  the  two  bared  wires  are  fixed  in  a 
beech-wood  head,  above  which  is  a  tin  tube  containing 
the  priming  and  detonating  charges.  Dry  gun-cotton  is 
placed  around  the  bridge.  The  English  use  the  \.^xxtifuse 
where  gunpowder  is  used  for  the  priming  charge,  and 
detonator  where  it  is  of  some  of  the  detonating  compounds 
— usually  fulminate  of  mercury. 

(to  be  continued.) 
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Our  Brazilian  correspondent,  writing  from  Ceara,  says 
that  two  railroad  extensions  are  now  being  discussed  in 
that  place.  Fortaleza,  commonly  called  Ceara  and  capital 
of  the  Slate  of  that  name,  is  a  seaport  in  about  3°  40' 
south  latitude.  I"  or  some  years  past  there  has  been  in 
operation  a  line  of  meter  gauge  running  from  Fortaleza  to 
BaturitC',  about  60  miles  nearly  due  south.  An  extension 
has  just  been  completed  about  30  miles  in  length,  and  con- 
struction is  now  in  progress  as  far  as  Quixada,  60  miles 
from  BaturitC.  The  Government  has  announced  its  in- 
tention of  prosecuting  the  studies — that  is,  preliminary 
surveys — thence  to  Crato  in  the  extreme  southern  end  of  the 
State,  about  375  miles  from  Ceara. 

Crato  is  nearly  due  west  of  Recife  (Pernambuco),  and 
a  guarantee  has  been  obtained  of  6  per  cent,  yearly  for  20 
years  on  an  extension  from  Cariaru,  the  present  terminus 
of  a  road  from  Recift-,  to  Crato,  the  expenditure  not  to  ex- 
ceed 30  contos  per  kilometer  or  about  |24,ooo  per  mile. 

The  Baturite  line  is  worked  by  the  Government,  and 
there  is  considerable  complaint  as  to  the  management. 
Freight  suffers  great  delays.  A  somewhat  amusing  in- 
cident occurred  on  the  opening  of  the  new  line,  to  cele- 
brate which  a  special  train  ran  to  the  end  of  the  track, 
but  the  two  engines  having  given  out  the  guests  had  to 
pass  the  night  in  a  station  house  where  there  was  no 
drinking  water,  which  was  very  unfortunate,  as  most  of 
them  suffered  from  thirst,  which  some  malicious  com- 
mentators attributed  to  the  abundant  potations  of  cham- 
pagne on  the  trip  out.  The  road  is  fairly  well  constructed, 
but  there  are  some  errors  in  location,  and  a  straight 
tangent  is  rare,  although  the  country  is  not  heavily  tim- 
bered. « 

On  my  first  trip  over  the  new  line  I  rode  from  Baturite 


up  into  the  hills,  reaching  a  height  of  2,600  ft.  amid  very 
fine  scenery.  It  is  on  the  steep  hill-sides  and  in  the  little 
bottoms  of  the  mountain  country  that  the  wealth  of  the 
State  of  Ceara — the  coffee,  sugarcane,  cotton  and  fruit- 
are  to  be  found,  as  the  lowlands  are  parched,  and  com- 
paratively unused  and  unsettled.  An  American  company 
has  been  boring  for  water  here  for  about  two  years,  but 
so  far,  I  believe,  with  but  little  success. 
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In  approaching  the  question  of  covering  power,  it  is 
fair  to  say  that  the  subject  is  a  very  difficult  one,  and  that 
although  we  have  made  a  very  large  number  of  experi 
ments,  and  have  spent  a  good  deal  of  time  in  trying  to 
exhaust  various  points  as  they  have  come  up  in  our  studies, 
we  are  not  at  all  sure  that  we  have  obtained  final  satis- 
factory information  on  some  of  the  variables,  nor  that  we 
shall  be  able  to  give  a  perfectly  lucid  explanation  of  every 
thing  connected  with  the  question  of  the  covering  power 
ot  pigments.  On  the  other  hand,  we  think  we  will  he 
able  to  give  a  fairly  intelligent  idea  of  the  most  important 
variables  which  enter  into  this  problem. 

Before  taking  up  these  points,  however,  we  think  it  is 
essential  to  define  what  is  understood  by  "  coverinj; 
power,"  since  the  words  have  been  used  in  a  number  of 
different  senses.  We  find.no  less  than  four  definitions  or 
explanations  of  what  is  meant  by  "  covering  power"  in 
more  or  less  common  use.  We  will  remark  on  each  of 
these  in  turn. 

First,  the  words  "  covering  power"  may  be  used  to  ex- 
press the  power  of  a  pigment  to  protect  oil.  In  paints 
which  dry  with  a  gloss  the  oil  covers  the  pigment,  and 
practically  what  is  exposed  to  the  weather  is  a  glossy  layer 
of  oil.  In  paints  which  dry  more  or  less  "  flat,"  the  pig- 
ment is  practically  more  or  less  exposed  to  the  weather, 
being  held  in  position  by  an  extremely  thin  layer  of  ojl, 
and  in  reality,  if  we  may  trust  our  experiments,  is  a  valu- 
able means  of  protecting  the  oil  from  decay.  We  do  not 
think  this  use  of  the  words  "  covering  power"  is  very  com- 
mon, but  for  the  sake  of  completeness  we  give  this  ex- 
planation— namely,  that  covering  power  may  mean  the 
protection  or  covering  of  the  oil  by  the  pigment.  It  is 
obvious  that  this  protection  is  obtained  by  the  proportions 
of  oil  and  pigment.  A  lafge  amount  of  oil  and  a  small  . 
amount  of  pigment  would  produce  a  paint  in  which  the  oil 
would  protect  or  cover  the  pigment.  On  the  other  hand, 
a  large  amount  of  pigment  and  a  small  amount  of  oil 
would  produce  a  paint  in  which  the  pigment  would  pro- 

♦•  The  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  of  the  Pennsylvania  Railroad,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona.  They  will  give  summaries  of 
original  researches  and  of  work  done  in  testing  materials  in  the  laboratory 
referred  to,  and  very  complete  specifications  of  the  diflferent  kinds  of  material 
which  are  used  on  the  road  and  which  must  be  bought  by  the  Company. 
These  specifications  have  been  prepared  as  the  result  of  careful  investigations, 
and  will  be  given  in  full,  with  the  reasons  which  have  led  to  their  adoption. 

The  articles  will  contain  information  which  cannot  be  found  elsewhere 
No.  I,  in  the  Journal  for  December,  1889,  is  on  the  Work  of  the  Chemist  ob  a 
Railroad:  No.  II,  in  the  January,  1890,  number,  is  on  Tallow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machinery  to 
which  it  is  applied  ;  No.  Ill,  in  the  February  number,  and  No.  IV,  in  the 
March  number,  are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI. 
in  the  May  number,  on  Petroleum  Products  ;  No.  VII,  in  the  June  number, 
on  Lubricants  and  Burning  Oils;  No.  VIII,  in  the  July  number,  on  th'- 
Mctho<l  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  aiv 
Lubricating  Greases  ;  No.  X,  in  the  August  number,  on  Batterj'  Materials  : 
No.  XI,  in  the  Septenaber  number,  on  Paints  ;  No.  XII,  in  the  October  nuni 
her,  on  the  Working  Qualities  of  Paint;  No.  XIII,  in  the  December,  iS',,c. 
number,  on  the  Drying  of  Paint.  These  chapters  will  be  followed  by  others 
on  different  kinds  of  railroad  supplies.  Managers,  superintendents,  pur- 
chasing agents  and  others  will  find  these  Contribijtion.s  to  Practicai. 
Railroad  Information  of  special  value  in  indicating  the  true  character  ot 
the  materials  they  must  use  and  buy. 
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tect  or  cover  the  oil.  We  shall  refer  to  this  question  of 
the  mutual  protection  or  covering  power  of  pigment  and 
oil  later  on,  and  will  only  say  here  that,  according  to  our 
studies,  that  paint  is  much  the  best  for  durability  in 
which  the  pigment  is  used  in  such  proportion  as  to  protect 
or  cover  the  oil. 

Second,  the  words  "  covering  power  are  sometimes 
used  to  express  the  amount  of  color  on  a  surface  ;  or,  in 
other  words,  if  a  surface  has  plenty  of  color  on  it— in  the 
case  of  color  pigments,  for  example— the  covering  power 
is  said  to  be  good.  If  the  surface  is  deficient  in  color  we 
say  the  covering  power  is  poor.  This  definition  or  mean- 
ing of  covering  power  may  perhaps  best  be  made  clear  by 
citing  examples  of  paints,  which  would  be  regarded  as 
having  good  or  poor  covering  power  in  this  sense.  Thus, 
if  we  may  trust  our  experiments,  if  an  iron  oxide  paint  is 
proportioned  so  that  the  liquid  and  the  pigment  bear  to 
each  other  the  ratio  of  about  50.00  per  cent.,  pigment  and. 
50.00  per  cent,  liquid  by  weight,  when  the  paint  is  ready 
for  spreading,  and  if  the  amount  of  iron  oxide  in  the  pig- 
ment is  perhaps  30.00  to  40.00  per  cent,  the  paint  will 
have  good  covering  power,  so  far  as  the  amount  of  color 
on  the  surface  is  concerned.  If,  on  the  other  hand,  a 
paint  is  so  proportioned  that  the  amount  of  pigment  and 
the  amount  of  liquid  are  in  the  ratio  of  10  parts  pigment 
to  90  parts  of  liquid,  or  if  in  an  iron  paint  properly  pro- 
portioned otherwise — namely,  50  parts  pigment  and  50 
parts  liquid,  the  amount  of  iron  oxide  in  the  pigment  is 
not  over  3.00  or  5.00  per  cent.,  both  of  these  paints  w^ould 
be  deficient  in  covering  power  in  the  sense  in  which  the 
words  are  used  in  this  paragraph.  It  is  plain  to  be  seen 
why  this  should  be  so — namely,  there  is  not  enough  pig- 
ment of  the  desired  color  to  properly  cover  the  surface. 
Although  in  the  last  case  mentioned  above  there  is  enough 
pigment  for  the  proper  protection  of  the  surface,  yet  the 
pigment  is  deficient  in  coloring  material,  and  consequently 
in  the  proper  covering  power.  The  deficiency  in  cover- 
ing power,  in  the  sense  in  which  the  words  are  used  in 
this  paragraph,  most  commonly  occurs  in  actual  practice 
from  the  use  of  too  large  an  amount  of  diluting  material 
in  the  paint.  We  have  seen  paints  in  commercial  use 
which  had  such  large  amounts  of  volatile  diluting  liquids, 
that  when  they  were  put  on  surfaces,  and  the  volatile  ma- 
terial had  evaporated,  the  coats  were  so  thin  that  fairly 
they  could  be  said  to  be  deficient  in  covering  power,  in 
not  having  enough  pigment  to  fairly  cover  the  surfaces. 
Such  paints  approximate  to  what  may  be  called  "  stains." 
It  is  more  rare,  we  think,  in  actual  service  that  the  pig- 
ment contains  a  deficiency  of  the  desired  coloring  ma- 
terial, although  this  will,  if  we  are  right,  give  the  same 
undesirable  result  in  the  finished  paint. 

Third.  Another  sense  in  which  the  words  "  covering 
power"  are  very  commonly  used  is  to  express  the  amount 
of  surface  that  a  given  weight  of  paint  will  cover.  Thus 
it  is  claimed  that  a  good  iron  paint,  pound  for  pound, 
will  cover  nearly  twice  as  much  surface  as  white  lead  or 
red  lead,  and  it  is  well  known  that  Prussian  blue  is,  to 
use  the  language  of  the  trade,  one  of  the  "strongest" 
paints  in  service,  having  what  fairly  may  be  called  enor- 
mous covering  power  in  the  sense  in  which  the  words  are 
used  in  this  paragraph.  The  various  pigments  differ  very 
widely  in  their  covering  power  in  this  sense,  provided 
comparison  is  made  by  weight,  and  it  is  not  at  all  difficult 
to  see  why  this  should  be  so.  All  other  things  being 
equal,  it  is  obvious  that  the  same  covering  power  will  be 
obtained  whatever  the  pigment,  provided  the  same  num- 
Der  of  particles  of  the  same  size,  and  of  the  same  power 
01  impeding  the  passage  of  light,  which  will  be  treated 
unoer  the  next  heading,  are  on  the  same  number  of  square 
inches  of  surface.  In  other  words,  if  a  square  inch  of 
surface  has  100.000  particles  of  tHe  same  size  of  white 
leaa,  or  of  oxide  of  iron,  or  of  Prussian  blue,  or  of  yellow 
mpnf'  ?*"  °[  ^"y  ®^^®^  pigment,  and  if  each  of  these  pig- 
na«l„.  J  f-^u'"^  power  of  preventing  or  retarding  the 
^nnou^  u  "^^*'  **  '*  obvious  that  the  surface  will  be 
known^  1]  ^''''^^^^  by  the  use  of  each.  But  it  is  well 
it^rj^n  ^^^^  individual  particle  of  each  pigment  has 
IraSr  PJ?."^»"  weight.  This  is  in  reality  its  specific 
lead  ic'oK  *  i  .  example,  a  single  particle  of  white 
icad  is  about  6.4  times  as  heavy'as  the  same  volume  of 


water,  while  the  same  sized  particle  of  iron  oxide  is  only 
about  5  times  as  heavy  as  the  same  volume  of  water,  and 
yellow  ochre  is  from  3^  to  4  times  the  weight  of  the  same 
bulk  of  water  and  so  on.  It  is  obvious,  therefore,  since 
pigments  differ  so  much  in  the  weight  of  their  particles  of 
the  same  size,  that  it  would  be  impossible  to  get  the  same 
number  of  particles  of  the  same  size  on  a  square  inch  of 
surface  out  of  the  same  weight  of  material.  In  this  third 
sense,  therefore,  the  covering  power  of  paints  bears  close 
relation  to  their  specific  gravity,  the  lighter  paints  having 
the  power  of  covering  the  greater  amount  of  surface.  Of 
course  it  must  be  carefully  noted  here  that  the  fourth  and 
most  important  sense  in  which  covering  power  is  used 
may  very  greatly  modify  this  statement.  If  all  pigments 
had  equal  covering  power  in  the  fourth  sense,  it  is  un- 
questioned that  those  of  the  lightest  specific  gravity  would 
cover  the  largest  amount  of  surface  pound  for  pound. 
Unfortunately  many  of  the  light  pigments  do  not  have 
good  covering  power  in  the  fourth  sense,  and  so.  as  said 
above,  it  is  hardly  possible  to  make  the  universal  state- 
ment that  those  pigments  which  have  the  lightest  specific 
gravity  will  covex  the  largest  amount  of  surface  for  the 
same  weight  of  pigment. 

Fourth.  The  fourth  sense  in  which  the  words  "  covering 
power"  are  used  is  an  optical  one.  and  has  to  do  with  the 
behavior  of  pigments  toward  light.  This  is  really  the 
most  important  sense  in  which  the  words  are  used,  and 
when  any  new  pigment  is  brought  forward  it  is  the  most 
important  sense  in  which  its  properties  are  studied.  If 
its  optical  covering  power  is  defective  ojjjiferior,  although 
the  pigment  is  satisfactory  in  every  otner  sense,  it  will 
never  be  regarded  as  a  good  pigment,  and  all  mixtures  of 
pigments  and  all  new  shades  are  in  practice  first  subjected 
to  the  test  of  optical  covering  power  before  they  can  be 
regarded  as  satisfactory.  Indeed,  we  query  whether 
Master  Painters  do  not  regard  the  optical  covering  power 
as  the  principal  sense  in  which  the  words  are  used.  In 
our  observation  and  experience  it  is  certainly  the  first 
question  that  is  asked,  and  the  first  test  that  is  made  by 
Master  Painters  when  any  new  paint  is  offered.  It  is  also 
in  this  sense — namely,  optical  covering  power — that  we 
have  put  most  of  our  study  on  pigments  for  the  last  few 
months,  and  we  find  the  problem,  as  stated  at  the  outset, 
very  much  more  complicated  and  very  much  less  easy  of 
solution  than  we  had  supposed.  The  optical  covering 
power  of  pigments'  may  perhaps  best  be  defined  as  their 
power  when  spread  on  a  transparent  surface,  as.  for  in- 
stance, a  piece  of  glass,  of  preventing  the  transmission  of 
light  through  the  glass,  and  this  is  one  of  the  common 
methods  of  studying  the  optical  covering  power  of  pig- 
ments. Another  method  is  to  spread  some  of  the  pigment, 
properly  mixed  as  a  paint,  of  course,  over  a  dark  surface 
or  a  light  surface,  and  see  how  completely  it  prevents  the 
light  from  going  through  the  pigment  to  the  dark  or  light 
surface  underneath,  and  then  come  back  to  the  eye.  If 
the  pigment  has  godd  covering  power  a  single  coat  many 
times  will  cover  a  ligpt  or  dark  surface  so  completely  that 
it  will  not  be  visible  through  the  layer  of  paint.  If  it  has 
poor  covering  power,  not  only  will  one  coat  not  cover 
the  light  or  dark  surface  underneath,  but  in  some  cases 
even  many  coats  will  not  prevent  the  light  passing  down 
through  to  the  light  or  dark  surface  underneath  and  com- 
ing back  to  the  eye.  In  other  words,  the  pigments  of  poor 
covering  power  will  not  hide  a  surface  underneath  a  pig- 
ment, while  a  pigment  of  good  covering  power  will,  or 
what  amounts  to  the  same  thing  practically,  a  pigment  of 
poor  optical  covering  power  spread  on  a  glass  will  not 
prevent  the  light  from  passing  through,  or  prevent  the 
observer  from  seeing  some  object  through  the  paint  and 
glass,  while  a  pigment  of  good  optical  covering  power 
will  prevent  both. 

Much  study  has  apparently  been  put  on  this  subject,  as 
we  find  considrable  on  record  in  the  books,  but  we  are 
not  aware  of  any  place  where  the  problem  has  been 
stated  and  all  the  information  brought  together  so  as  to 
give  a  tangible  and  lucid  explanation  of  the  matter.  We 
will  do  the  best  we  can  toward  making  this  complicated 
subject  clear. 

We  began  our  studies  by  assuming  the  following  hy- 
pothesis— namely,  if  any  two  contiguous  square  inches  of 
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transparent  surface,  as,  for  example,  a  piece  of  glass,  are 
covered  with  the  same  number  of  particles  of  the  same 
size,  the  light  will  be  equally  prevented  from  passing 
through  the  two,  irrespective  of  the  nature  of  the  particles 
— that  is  to  say,  if  one  square  inch  of  the  piece  of  glass 
had  10,000  particles  of  white  lead  spread  over  it,  and 
another  square  inch  had  the  same  number  of  particles  of 
the  same  size  of  barytes,  sulphate  of  lime,  silica,  whiting, 
or  ground  glass  if  you  choose,  spread  over  it,  the  two 
surfaces  would  be  equally  well  covered.  This  is  unques- 
tionably true  so  far  as  mechanical  covering  is  concerned, 
but  to  our  chagrin,  after  spending  a  good  deal  of  time  in 
trying  to  reduce  several  pigments  to  the  same  sized  par- 
ticles, we  found  that  this  hypothesis  did  not  hold  true,  and 
that  covering  power  was  based  on  a  still  deeper  relation 
than  the  breaking  up  of  the  light  by  the  finely  divided 
particles.  The  proposition  as  stated  does  fairly  well  hold 
true  with  dry  pigments — that  is  to  say.  if  dry  pigments 
are  put  on  a  piece  of  glass,  the  layer  in  each  case  having 
the  same  thickness,  and  the  pigments  of  approximately 
the  same  degree  of  fineness,  the  power  to  break  up  the 
light  and  prevent  it  passing  through  the  glass  to  the  eye 
is  approximately  the  same,  whatever  the  pigment,  at  least 
so  far  as  our  experiments  have  gone,  and  we  have  tried 
white  lead,  zinc  white,  talc,  sulphate  of  lime,  barytes, 
feldspar,  silica,  and  powdered  glass.  We  conducted  our 
experiments  with  these  dry  pigments  in  two  different  ways. 
First,  we  took  a  very  hne  silk  gauze,  which  approximately 
measured  0.004  inch  in  thickness,  and  stuck  this  to  a  piece 
of  glass  with  some  gum  water.  This  gave  us  a  mesh  on 
a  piece  of  glass,  which  mesh  was  rubbed  full  of  the  differ- 
ent kinds  of  pigments  which  we  experimented  with.  We 
had  no  absolute  means  of  determining  the  size  of  the  par- 
ticles in  every  case,  but  even  ignoring  this,  we  found  that 
a  piece  of  glass  so  arranged  and  held  between  the  ob- 
server and  the  light  would  shut  off  any  object  on  the 
opposite  side,  or  prevent  the  light  passing  through  almost 
equally  well,  irrespective  of  the  nature  of  the  pigment. 
We  did  not  find  this  to  hold  absolutely  true,  but  very 
largely  sor— that  is  to  say,  the  powdered  glass  sufficiently 
fine  would  shut  off  the  light  under  these  conditions  al- 
most equally  as  well  as  white  lead.  Another  method  of 
experimenting  consisted  in  mixing  up  the  various  pig- 
ments with  a  very  dilute  solution  of  gum  water  and  spread- 
ing them  with  a  brush  on  glass.  The  water  evaporated 
and  the  amount  of  gum  left  was  extremely  small,  but  still^ 
sufficient  to  hold  the  pigments  on  the  surface.  In  this 
case,  again,  the  covering  power  of  the  various  pigments 
differed  some,  but  not  very  greatly,  and  it  was  astonishing 
how  completely  powdered  glass  would  shut  off  the  light. 
Unfortunately,  however,  when  we  came  to  use  oil  as  the 
medium  to  hold  the  pigments  on  the  surface,  which  is  the 
state  of  affairs  in  ordinary  painting,  as  is  well  known,  our 
theory  broke  down  completely.  With  white  lead  a  single 
good  coat  on  glass  would  give  a  very  fair  cutting  off  of 
the  light.  With  sulphate  of  lime,  talc,  whiting,  or  pow- 
dered glass,  although  we  were  careful  in  every  case  to 
ha^e  the  same  volume  of  pigment  on  the  same  amount  of 
surface,  the  cutting  off  of  the  light  was  in  many  cases 
very  slight,  and  in  some  cases  indeed  there  was  very  little 
interference  with  the  distinguishing  of  objects  on  the 
opposite  side  of  the  glass.  We  are  quite  well  aware  that 
this  is  common  experience,  and  that  these  tests  are  made 
frequently  by  Master  Painters  and  others,  always,  we  be- 
lieve, with  the  same  result — namely,  that  certain  pigments 
do  not  have  covering  power  in  the  sense  of  preventing 
light  from  passing  through  a  transparent  surface  coated 
with  them  when  the  pigments  are  mixed  xyith  oil. 

Our  experiments  given  above,  however,  point  very  clearly 
in  this  direction — namely,  if  we  can  get  good  covering 
power,  and  very  little  difference  beween  pigments  when 
pigments  are  put  on  the  surface  dry,  or  approximately  dry, 
which  good  covering  power  disappears  when  the  pigments 
are  mixed  with  oil,  it  must  be  some  relation  between  the 
oil  and  the  pigment  which  destroys  the  covering  power 
in  the  case  of  the  inferior  pigments.  On  looking  up  the 
literature  of  the  case  we  find  that  considerable  experi- 
mentation has  already  taken  place  on  this  subject,  and 
that  the  necessary  experimental  data  have  been  obtained 
to  explain  the  facts  given  abov<;.    Professor  Von  Bczold,  I 


in   his    "Theory  of   Color,"  published   by   the   L.  Prang 
Company,  gives  the  following  : 

If  we  fill  the  lower  part  of  a  small  glass  tube — a  test  tube,  for 
example— with  coarsely  powdered  glass,  the  powder  will  appear 
white,  and  it  will  be  impossible  to  see  through  it  ;  but  as  soon 
as  we  pour  water  into  the  tube,  the  powder  will  become  translu 
cent  to  a  certain  degree.  By  substituting  turpentine  for  the 
water,  the  degree  of  translucency  is  considerably  increased. 
Furthermore,  if  we  add  a  small  quantity  of  sulphuret  of  carbon 
to  the  turpentine,  we  shall  obtain  a  liquid  which  refracts  [bends] 
the  light  about  as  powerfully  as  glass,  and  if  we  now  pour 
some  of  this  liquid  upon  the  powder,  the  latter  will  disappear 
almost  entirely  to  the  eye,  and  we  shall  be  able  to  look  through 
the  glass  frcelv,  as  if  it  contained  only  the  clear  fluid,  without 
the  least  particle  of  powder.  If  we  immerse  a  glass  rod  in  such 
a  liquid,  in.«itead  of  which  we  may  also  employ  a  mixture  of  olive 
oil  and  oil  of  cassia,  it  will  appear  as  if  the  rod  reached  only  to 
the  surface  of  the  liquid.  Within  the  liquid  the  presence  of  the 
rod  cannot  be  detected  ;  it  is  perfectly  transparent. 

Ii  is  shown  by  these  experiments  that  the  presence  of  one 
transparent  body  within  another  is  only  betrayed  to  the  eye. 
when  the  two  differ  in  their  power  of  refracting  light.  If  this 
is  not  the  case,  the  light  passes  through  the  mixture  without 
obstruction. 

These  experiments  of  Professor  Von  Bezold  §eem  to  us 
clearly  to  indicate  why  we  run  into  difficulty,  so  far  as 
covering  power  goes,  when  we  attempt  to  use  many  of 
the  common  substances  as  pigments — namely,  the  reason 
why  they  do  not  cover  the  surface  is  because  they  refract 
the  light  so  nearly  like  the  oil.  We  find  that  the  index  of 
refraction  of  linseed-oil,  as  given  in:  the  books,  is  1.48, 
while  the  index  of  refraction  of  ordinary  glass  is  about 
1.50  to  1.55,  of  white  lead  is  2.00,  of  silica  is  1.55,  of  whit 
ing  is  1.65,  and  of  feldspar  is  1.54,  while  chrome  yellow  is 
3.CX3,  and  vermilion  is  3.20.  If  this  theory  and  these  ex- 
periments therefore  can  be  trusted,  it  is  absolutely  essen- 
tial that  the  index  of  refraction  of  the  liquid  or  medium 
which  surrounds  the  particles  of  pigment  should  be  differ- 
ent from  that  of  the  pigment  itself  in  order  that  the  pig- 
ment may  have  good  optical  covering  power. 

There  is  quite  a  large  amount  of  confirmatory  data 
upon  this  point.  With  powdered  glass,  for  example,  the 
lower  the  index  of  refraction  of  the  medium  which  sur- 
rounds it  the  better  the  covering  power  of  the  glass  ap- 
pears. Thus  if  we  use  water,  the  index  of  refraction  of 
which  is  1.34  instead  of  1.48,  as  is  the  case  with  linseed-oil, 
the  covering  power  is  better  than  with  linseed-oil.  If  we 
use  air  surrounding  the  particles  of  pigment,  the  index  of 
refraction  of  which  is  very  nearly  1.00,  the  covering  power 
is  quite  good,  and  this  explains  why,  in  the  experiments 
which  we  made  with  the  silk  gauze  and  with  the  gum 
water,  we  got  approximately  the  same  covering  power 
out  of  powdered  glass  that  we  did  out  of  white  lead.  We 
have  used  glass  as  the  illustration  in  many  cases,  because 
it  would  naturally  be  supposed  that  so  transparent  a  sub- 
stance as  glass  would  have  no  covering  power  at  all,  but 
the  same  remark,  to  a  greater  or  less  extent,  applies  to 
the  other  semi-transparent  pigments,  such  as  sulphate  of 
lime,  barytes,  talc,  whiting,  silica,  feldspar,  etc. 

Another  confirmation  of  the  views  above  expressed  is 
seen  in  this  :  Whitewash  has  no  covering  power  so  long  as 
the  water  is  with  it,  apparently  because  the  index  of  re- 
fraction of  the  water  and  of  the  lime  are  so  near  alike.  We 
have  not  succeeded  in  finding  the  figures  representing  the 
index  of  refraction  of  lime,  but  there  seems  little  doubt 
that  this  is  the  correct  explanation,  since  as  soon  as  the 
water  is  evaporated,  and  we  have  air  as  the  medium  sur- 
rounding the  particles,  the  covering  power  of  whitewash 
becomes  very  good.  It  is  also  well  known  that  if  a  piece 
of  transparent  glass  is  ground  its  power  of  transmitting 
light  is  very  much  diminished.  If,  on  the  other  hand,  the 
ground  glass  surface  is  covered  with  a  layer  of  oil  the 
power  of  transmitting  the  light  becomes  almost  entirely 
restored,  apparently  because  the  index  of  refraction  of  the 
oil  and  of  the  glass  are  so  near  alike.  Again,  ordinary 
paper  has  more  or  less  power  of  preventing  the  trans- 
mission of  light,  but  when  oiled  it  becomes,  as  is  well 
known,  quite  transparent.  In  order  to  make  these  con- 
firmations complete,  it  would  need  the  figures  for  the  in- 
dices of  refraction  of  the  various  substances,  but  we  have 
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not  succeeded   in   finding  ihis   figure  for  all  of  the  sub- 
stances mentioned. 

We  are  quite  well  aware  that  one  or  two  points  may  be 
ureed  in  regard  to  this  view,  Ahat  the  difference  between 
the  refracting  power  of  various  pign::ents  and  the  refract- 
ine  power  of  the  medium  which  surrounds  them  is  the 
explanation  of  their  covering  power.  It  is,  of  course. 
hardly  necessary  to  say  that  the  index  of  refraction  is 
simply  the  comparative  measurement  of  the  letracting 
power  of  different  substances.  One  question  which  may 
be  urged  is  that  the  experiments  quoted  from  Von  Bezold 
above  only  apply  to  transparent  substances,  and  that 
therefore  with  any  opaque  substance  there  may  be  an 
additional  element  coming  in.  Upon  this  point  we  will 
say  that  there  is  much  information  which  points  in  the 
direction  that  no  substance  is  opaque,  or,  in  other  words, 
that  all  substances,  in  sufficiently  hne  state  of  division,  are 
transparent.  We  think  there  is  no  doubt  but  that  this 
subject  needs  further  study — that  is  to  say,  the  question  of 
opacity  as  an  element  in  covering  power  has  not,  to  our 
knowledge,  been  thoroughly  investigated,  and  we  our- 
selves have  not  been  able  to  make  experiments  enough  to 
satisfy  our  minds  on  the  subject.  We  certainly  do  have 
the  positive  evidence  of  experiment,  that  in  transparent 
substances,  if  the  medium  surrounding  the  pigment  has 
the  same  index  of  refraction  as  the  pigment,  the  covering 
power  is  nil.  If  now  all  substances  in  the  form  of  fine 
powder  were  more  or  less  transparent,  it  is  pertain  that 
the  difference  between  the  refractive  power  of  the  medium 
and  the  pigment  will  be  an  important  element,  and  pos- 
sibly the  most  important  element  in  covering  power.  If, 
on  the  other  hand,  there  is  in  some  pigments  an  inherent 
quality,  which  even  in  a  fine  slate  of  division  prevents 
their  transmitting  light  at  all— a  quality  which  we  call 
opacity — this  would  unquestionably  be  an  additional  ele 
ment  in  covering  power.  We  are  sorry  not  to  be  able  to 
put  this  question  at  rest,  but  our  means  of  experimenta- 
tion, and  the  time  which  we  could  devote  to  this  subject, 
have  not  been  ample  enough  to  enable  us  to  do  so.  We 
incline  to  the  view  that  all  substances  transmit  light  more 
or  less,  and  that  by  far  the  greatest  portion  of  covering 
power  is  simply  a  difference  in  the  refracting  power  be- 
tween the  pigment  and  the  medium  surrounding  it. 

There  are  one  or  two  other  questions  which  are  quite 
interesting  in  this  connection.  If,  as  seems  to  be  proven 
fairly  well,  and  as  we  are  quite  strongly  inclined  to  think, 
the  difference  in  the  refractive  indices  of  the  pigments  and 
the  medium  surrounding  them  is  the  principal  element  in 
covering  power,  the  query  arises,  How  wide  a  difference 
between  these  two  indices  is  it  necessary  to  have  in  order 
to  have  good  covering  power  ?  Referring  to  the  paragraph 
given  above,  glass  has  almost  the  same  refractive  power 
linseed-oil  :    white  lead  shows  a  greater  difference  ; 
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chrome  yellow  and  vermilion  greater  differences  still. 
Does  not  the  covering  power  vary  directly  in  proportion 
to  this  difference  ?  We  have  not  yet  been  able  to  settle 
this  question.  It  seems  probable,  however,  from  what 
experiments  we  have  made  that  the  wider  the  indices  of 
refraction  are  apart  the  better  the  covering  power,  and 
this  probably  explains  why,  in  the  experiments  cited 
above,  the  glass,  the  sulphate  of  lime,  elc,  did  not  have 
quite  as  good  covering  power  as  the  white  lead.  The 
actual  difference  in  covering  power,  when  air  is  the 
medium  surrounding  the  pigment,  is  not  very  great,  but 
there  was  still  a  perceptible  difference  between  white 
lead,  glass,  talc,  whiting,  sulphate  of  lime,  barytes,  silica. 

If  the  theory  given  above  is  correct,  it  is  clear  that  the 
great  desideratum  in  a  pigment  is  high  index  of  refraction, 
or  a  change  in  the  liquid  used  for  painting  to  one  which 
has  a  lower  index  of  refraction  than  linseed-oil.  It  is,  of 
course,  an  interesting  question  as  to  whether  by  any 
means  the  index  of  refraction  of  various  substances  can 
De  changed.  We  do  not  at  present  know  of  any  such 
means  of  making  the  refractive  power  of  linseed-oil  less 
inan  it  is,  nor  do  we  know  of  any  means  of  increasing 
tue  refractive  indices  of  substances  which  we  want  to  use 
lor  pigments.  It  is  possible  that  some  of  the  linseed-oil 
suDstitutes  might  be  more  valuable  than  linseed-oil  in  this 
respect,  but  we  have  not  yet  had  time  to  explore  this  field. 


It  seems  fair  to  conclude,  from  the  experiments  and  dis- 
cussion detailed  above,  that  the  field  for  work  in  the 
future,  so  far  as  optical  covering  power  of  paints  is  con- 
cerned, is  largely  in  the  refractive  indices  of  various  sub- 
stances, and  so  far  as  our  knowledge  goes  the  field  is  very 
largely  unworked.  We  have  been  able  to  fin^  very  little 
information  on  the  subject,  and  have  not  yet  had  time  to 
carry  out  any  extended  studies  in  the  field  of  refraction. 
Apparently  the  great  desideratum  in  the  pigment  line  to- 
day is  scfme  white  substance  capable  of  being  easily 
crushed  into  a  fine  state  of  division,  and  which  has  a  very 
high  refractive  index. 

Our  studies  have  also  led  us  to  the  conclusion  that  there 
is  another  element  in  pigments  which  has  an  important 
influence  on  their  optical  covering  power,  and  that  is  the 
stale  of  division  in  which  the  pigment  exists.  We  have 
made  quite  a  number  of  experiments  in  this  line,  and  in 
every  case  have  we  found  that  the  covering  power  was 
iijiproved  by  making  the  pigment  finer.  For  example, 
taking  glass  to  start  with  and  crushing  it  to  what  may  be 
called  lair  pigment  condition  in  a  mill  ;  then  rubbing  it  up 
somewhat  in  a  mortar  and  taking  out  a  sample  ;  then  rub- 
bing it  up  still  more  and  taking  out  anoiher  sample,  and 
so  on  four  or  five  times,  each  time  getting  a  finer  grade 
than  before,  we  find  that  experiments  on  covering  power, 
either  with  the  silk  gauze  or  with  the  gum  water  as  de- 
scribed above,  shows  that  in  every  case  the  finer  the  glass 
the  better  the  covering  power  ;  and  we  have  not  yet  found 
an  exception  to  this  in  any  of  the  pigments  which  we  have 
experimented  with.  White  lead,  zinc  white,  chrome 
jellow,  and,  in  fact,  all  of  the  good  covering  pigments  are 
improved  in  covering  power,  if  we  may  trust  our  experi- 
ments, by  being  reduced  to  a  finer  state  of  division.  The 
importance  of  this  statement  to  the  practical  manufacturer 
of  paints  is  obvious,  and  will  be  referred  to  later. 

It  is  perhaps  not  difficult  to  see  why  increased  fineness 
should  increase  the  optical  covering  power,  if  we  con- 
sider optical  covering  power  to  be  the  power  to  prevent 
the  transmission  of  light.  Taking  the  case  of  the  pow- 
dered glass,  for  example,  the  indices  of  refraction  of  that 
and  air  are  sufficiently  wide  apart,  so  that  fairly  good 
covering  power  is  obtained  with  a  moderately  coarse  pig- 
ment ;  but  the  finer  the  particles  are  the  more  the  light  is 
broken  up  in  its  effort  to  get  through  the  layer  of  pigment, 
and  consequently  more  of  it  fails  to  get  through  to  the  eye, 
and  the  same  is  true  of  any  other  pigment.  In  other 
words,  the  fineness  retards  the  passage  of  light,  all  other 
things  being  equal,  and  consequently  helps  the  covering 
power. 

It  must  be  confessed  that  the  outlook  for  the  use  of 
many  of  the  cheap  substances,  such  as  sulphate  of  lime, 
barytes,  feldspar,  silica,  talc,  whiting,  etc.,  is  not  very 
encouraging  in  view  of  the  discussion  above.  The  fail- 
ure of  these  substances  to  have  good  covering  power 
seems  to  be  founded  in  laws  of  nature,  and  there  is  vejy 
little  hope  of  any  possibility  of  changing  or  avoiding  these 
laws.  We  have,  however,  found  in  the  course  of  our  ex- 
perimentation three  possibilities,  all  of  which  are  well 
known  to  the  trade,  but  possibly  not  thoroughly  appre- 
ciated for  their  lull  worth  as  means  of  getting  fairly  good 
covering  power  along  with  the  use  of  some  ot  these  cheap 
pigments.     These  are  as  follows  : 

First.  As  has  already  been  discussed,  the  fineness  has 
an  important  influence  on  the  covering  power,  and  this  is 
entirely  within  the  control  of  the  paint  manufacturer  in 
his  grinding.  The  finer  he  grinds  the  paint  the  greater 
the  covering  power  of  the  paint,  whatever  the  pigment  he 
may  use,  and  this  apolies,  we  think,  equally  well  to  the 
p'gmenis  which  are  inferior  in  covering  power  as  well  as 
those  which  are  better  in  this  respect. 

Second.  We  find  by  actual  experiment  that  a  certain 
percentage  of  pigment  of  good  covering  power,  mixed 
with  a  certain  percentage  of  pigment  of  inferior  covering 
power,  gives  a  resulting  pigment  which  has  almost  as 
good  covering  power  as  the  better  one.  We  have  been 
somewhat  astonished  at  the  results  obtained.  For  ex- 
ample, 20  CO  per  cent,  of  zinc  white  with  80.00  per  cent, 
sulphate  of  lime,  carefully  and  finely  ground,  will  give 
very  fair  covering  power,  and  in  fact  almost  as  good  as 
\  all  white  zinc.     The  same  thing  seems  to  be  approximately 
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true  of  white  lead  and  talc,  or  white  lead  and  barytes.  We 
have  not  yet  positively  fixed  on  the  ratio  between  the  in- 
ferior and  better  pigments  which  we  are  willing  to  abide 
by.  Indeed,  10.00  per  cent,  of  white  lead  mixed  with 
90.00  per  cent,  talc,  the  mixture  being  carefully  ground, 
gives  very  jnuch  better  covering  power  than  would  be  ex- 
pected. It  is  probable  that  the  percentage  of  inferior  pig- 
ment which  can  be  carried  by  one  of  better  covering 
power  is  variable,  depending  on  the  good  pigment  which 
is  started  with  and  on  the  substance  which  is  mixed  with 
it,  and  it  would  probably  take  an  experiment  in  each  case 
to  decide  the  matter.  We  are  confident,  however,  that 
the  limit  of  good  pigment  that  is  necessary  in  order  to  get 
good  covering  power  is  lower  than  it  has  been  the  general 
practice  of  the  trade  to  use.  We  will  refer  to  this  matter 
again  in  a  subsequent  article,  and  content  ourselves  here 
with  putting  on  record  the  fact  that  a  mixture  of  two  pig- 
ments of  good  and  inferior  covering  power  can  be  made, 
which  will  give  almost  if  not  quite  as  good  covering 
power  as  if  the  paint  was  made  wholly  of  the  better  pig- 
ment. 

Third.  There  is  still  another  variable  which  can  be 
made  use  of  to  improve  the  covering  power  in  inferior 
pigments,  and  that  is  to  diminish  the  amount  of  oil  used 
when  the  paint  is  spread  on  a  surface.  A  good  paint  has 
a  ratio  of  pigment  to  liquid,  when  fit  for  spreading,  of 
about  one-third  pig-ment  to  about  two-thirds  liquid  by 
volume.  This  ratio^may  vary  considerably  either  side  of 
these  figures,  but  this  is  an  approximation  based  on  quite 
a  number  of  experiments.  If  now  the  volume  of  the  pig- 
ment is  increased  in  comparison  lo  the  volume  of  the  oil, 
the  covering  power,  all  other  things  being  the  same,  will 
be  improved.  The  limit,  of  course,  is  the  stiffness  of  the 
paint  during  application.  In  other  words,  too  thick  a 
paste  cannot  be  spread,  but  there  is  a  way  out  of  this 
difficulty  likewise.  Starting  with  a  paint  mixed  in  the  pro- 
portions of  one-third  pigment  to  two-thirds  oil  by  volume, 
this  ratio  would  be  very  nearly  maintained  when  the  paint 
was  dry,  since  the  dried  linseed-oil  changes  very  little  in 
weight  from  the  weight  of  the  original  oil  started  with. 
We  are,  of  course,  assuming  a  paint  in  which  there  is 
very  little  turpentine.  On  the  other  hand,  it  is  quite 
possible  to  mix  a  paint  for  spreading,  by  using  turpentine 
or  some  other  volatile  dilutant,  so  that  when  the  paint  is 
dry  on  the  surface  it  will  not  have  the  ratio  of  one-third 
pigment  and  two-thirds  oil,  but  possibly  one-half  pigment 
and  o'ne-half  dry  oil,  or  even  two-thirds  pigment  and  one- 
third  dry  oil.  In  the  last  case  the  paint  would  be  what  is 
technically  known  as  "  flat,"  but  it  is  probably  sufficient, 
and  would  give,  we  think,  fully  as  durable  and  perhaps 
better  results  if  the  ratio  between  the  pigment  and  the  dry 
oil  on  the  surface  was  approximately  half  and  half  pig- 
ment and  dry  oil,  and,  as  said  above,  it  our  experiments 
may  be  trusted,  this  procedure  will  improve  the  covering 
qualities  whatever  pigment  is  made  use  of. 

In  the  next  article  we  will  try  to  discuss  the  question  of 
how  to  design  a  paint. 

(to  be  continued.) 


THE  UNITED  STATES  NAVY. 


Good  work  has  been  done  by  the  Naval  Institute  since 
its  organization,  and  many  valuable  papers  have  been  the 
result  of  the  opportunity  presented  to  naval  officers  for  a 
hearing.  Perhaps  not  the  least  of  this  work  is  the  active 
and  somewhat  sharp  discussion  stirred  up  by  a  recent 
paper  read  before  the  Institute  on  naval  organization  and 
training.  Perhaps  neither  party  in  this  is  altogether  in 
the  right,  but  the  discussion  cannot  fail  to  do  good,  since 
the  best  way  to  secure  improvement  is  to  draw  attention 
to  the  weak  spots  and  defects  in  the  existing  structure. 
Our  Navy  is  in  a  transition  state,  and  the  change  must  be 
accompanied  with  some  friction,  but  the  adaptation  of  the 
organization  to  the  new  methods  is  only  a  question  of  time, 

TRIAL   OF  THE    "  CONCORD." 

The  speed  trial  of  the  new  gunboat  Concord  took  place 
January  13,  when  the  vessel  made  a  run  of  4^  hours 
through  Long  Island  Sound  and  the  Atlantic  from  a  point 
off  Matinecock  Light  to  a  point  some  10  miles  northeast 


of  Montauk.  The  contract  for  the  Concord  was  not  based 
on  speed,  as  with  most  of  the  other  cruisers,  but  upon  the 
power  developed  by  the  engines,  which  were  required  to 
indicate  at  least  3.400  H.P.  The  official  report  has  not 
yet  been  published,  but  it  is  understood  that  the  engines 
indicated  ove"r  3,500  H.P.,  thus  earning  a  premium  for  the 
builders.  The  average  speed  during  the  four  hours  ac- 
cepted as  the  trial  hours  was  about  16  knots  an  hour,  and 
the  highest  speed  attained  during  any  one  hour  was  16.8 
knots,  which  was  done  on  153  revolutions  per  minute  of 
the  engines,  the  average  for  the  four  hours  being  151  rev- 
olutions for  the  forward  engine  and  152.5  for  the  after 
engine.  The  steam  pressure  was  well  maintained,  averag- 
ing about  160  lbs.  throughout  the  trial  and  being  168  lbs. 
at  its  close. 

The  Concord  is  a  twin  screw  gunboat  of  1,700  tons  dis- 
placement, and  is  230  ft.  long  and  37  ft.  beam,  with  a  mean 
draft  of  14  ft.  The  contract  for  the  ship  was  taken  by 
N.  F.  Palmer,  Jr.,  &  Company,  of  New  York,  the  hull 
being  built  in  the  Roach  yards  at  Chester,  and  the  engines 
at  the  Ouintard  Works  in  New  York. 

The  engines  are  triple-expansion,  but  are  of  a  horizontal 
type  instead  of  the  vertical  type  which  is  used  in  most  of 
the  new  cruisers.  The  cylinders  are  22  in.,  31  in.  and  50 
in.  in  diameter  with  a  30  in.  stroke,  and  are  placed  in 
separate  water-tight  compartments.  The  valves  are  all 
piston-valves  worked  by  radial  gear.  The  air-pumps, 
feed-pumps,  etc.,  are  driven  independently  of  the  main 
engine,  and  steam  reversing  gear  is  also  provided  for  the 
main  engine.  The  surface  condensers  are  cylindrical  in 
form  and  of  the  usual  construction. 

During  tl\e  trial  it  is  stated  the  engines  worked  very 
freely  and  without  the  slightest  difficulty,  and  the  boilers 
also  steamed  very  freely.  / 


Foreign  Naval  Notes. 

A   FRENCH    SUBMARINE  BOAT. 

The  submarine  torpedo-boat  Gymnote  has  lately  had  a  par- 
ticularly interesting  trial  at  Toulon.  The  object  was  to  see  if 
the  boat  could  run  out  of  and  re-enter  the  port  in  spite  of  a 
close  blockade  kept  up  by  the  ordinary  torptdo-boais.  With 
this  intention  the  torpedo-boats  were  stationed  in  such  a  way  as 
to  watch  carefully  for  the  Gymnole  and  to  pursue  her,  if  seen. 
The  submarine  boat,  however,  passed  out  of  the  port  and 
started  along  the  shore,  her  submersion  lasting  40  minutes,  so 
that  she  was  2+  mdes  from  the  entrance  to  the  port  when  she 
returned  to  the  surface,  that  distance  having  been  run  in  a 
straight  line.  After  reconnoitering  the  position  the  Gymnote 
was  again  submerged  and  returned  directly  lo  the  port.  This 
time  she  passed  directly  under  one  of  the  blockading  vessels, 
and  was  seen,  but  only  for  an  instant,  and  then  so  indistinctly 
that  it  was  impossible  to  note  her  course  or  to  follow  her. 
This  experience  is  regarded  as  conclusive. 

A  JAPANESE  COAST  DEFENSE  SHIP. 

The  accompanying  illustration,  from  Le  Yacht,  shows  the 
coast  defense  ship  Itstikushima,  built  for  the  Japanese  Govern- 
ment by  the  Soci6ie  des  Forges  et  Chantieis  at  La  Seyne, 
France,  which  recently  received  its  preliminary  trials  at  Havre. 
This  vessel  is  a  steel  ship  with  armored  deck,  and  carrying  a 
heavy  armament,  intended  for  coast  defense  purposes.  Its 
general  dimensions  are:  Length,  295.20  ft.;  extreme  breadth, 
50.87  ft.;  depth,  34.87  ft.;  mean  draft,  19.84  ft.;  displacement, 
4,277  tons. 

The  armament  consists  of  one  12.6-in.  gun  of  the  Canet  type, 
which  is  carried  in  a  turret  forward.  This  gun  is  38  calibers 
in  length  and  weighs  65  tons.  There  are  also  eleven  4.7-in. 
rapid-five  guns,  eight  carriedt  in  sponsons  on  the  main  deck, 
one  aft  and  two  forward,  and  eleven  1.45-in.  rapid-five  guns  as 
a  secondary  battery.  The  turret  has  armor  11.8  in.  thick,  and 
its  base  is  protected  by  a  barbette  covered  with  4-in.  armor. 
The  rapid-fire  guns  as  well  as  the  i2.6-in.  gun  are  of  the  Canet 
type.  The  offensive  power  of  the  ship  is  thus  very  consider- 
able, while  its  machinery  and  boilers  are  protected  by  the 
armored  deck,  by  the  coal  bunkers,  and  by  compartments  filled 
with  cellulose. 

On  the  preliminary  trials  the  ship  attained  a  speed  of  15. 7 
knots  with  natural  draft  and  of  17  knots  with  forced  draft,  the 
engines  working  remarkably  well  and  the  supply  of  steam  from 
the  boilers  being  abundant. 

The  Japanese  Government  has  now  under  construction  in 
France  the  Matsushima,  a  sister  ship  lO   ihc  one  jUSt  described 
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while  a  third  is  being  built  in  the  Navy  Yard  at  Yokoska,  in 
Japan.     It  has  also  building  in  France  two  torpedo  cruisers  of 


worked  by  Marshall  gear, 
small  steam-«ngine. 


The  reversing,  etc.,  is  done  by 


NEW  CRUISER   "SURCOUF,"   FOR  THE   FRENCH   NAVY. 


700  tons  displacement.     This   is   in  addition   to  two   cruisers 
recently  built  in  England. 

A   FRENCH  FAST   CRUISER. 

The  acccmpanying  illustration,  from  Le  Yacht,  shows  the 
French  third-class  cruiser  Surcouf,  which  recently  had  her 
speed  trials.     The  Surcouf  is  95  meters  (311.75  ft.)  long  ;  9.30 


There  are  six  boilers  each  2.92  m.  (9.58  ft.)  in  diameter  and 
5.80  m.  (19  ft.)  long.  Each  boiler  has  two  fire-boxes  and  a 
grate  surface  of  48.44  sq.  ft.  The  heating  surface  is  2.349  ^9- 
ft.  The  usual  working  pressure  is  192  lbs.  In  the  prelimmary 
trials  these  boilers  vaporized  8.8  lbs.  of  water  per  pound  of  coal 
burned. 

On  a  six-hour  trial  with  natural  draft  the  engines  developed 


JAPANESE  COAST   DEFENSE   SHIP  "  ITSUKUSHI.MA." 


m-  (30.5  ft.)  greatest  breadth  ;  6.54  m.  (21.5  ft.)  depth,  and  has 
a  mean  draft  of  4.24  m.  (13.9  ft.). 

1  he  two  engines  are  of  the  horizontal  compound  type,  hav- 
ing cylmders  0.935  m.  (36.71  in.)  and  1.879  m-  (74i8  in.)  in 
the'"*''!  u  ^^  °"^^5  m.  (36  in.)  stroke.  Working  at  full  power 
(ii     ^'j^^  135    revolutions,  giving  a   piston  speed  of  4.12  m. 

V  3-51  u.)  per  second.     Each  cylinder  has  two  piston-valves 


3,508  H.P.,  giving  the  ship  a  speed  of  17.3  knots.  With  1,800 
H.P.  developed,  the  fires  being  kept  low,  a  speed  of  i|  knots 
was  reached.  With  forced  draft,  on  a  two-hour  trial,  a  speed 
of  20.51  knots  was  reached,  the  engines  making  133  revolutions, 
and  developing  6,287  H.P.     The  contract  under  which  these 

engines  were  built  called  for  6,000   H.P.  with  forced  draft,  so 

that  the  requirements  were  exceeded. 
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NEW   SHIPS   FOR   THE   BRITISH   NAVY. 

During  the  present  month  the  keels  of  two  vessels,  the  con- 
struction of  which  was  provided  for  in  the  last  Naval  Defense 
Bill,  have  been  laid  in  Her  Majesty's  Dockyards.  The  Cres- 
cent, a  steel  cruiser  of  the  protective  deck  type,  has  been  com- 
menced in  the  No.  11  dock  at  Portsmouth,  and  a  quantity  of 
material  for  the  Barjlenr,  a  second-class  battle-ship  of  the 
barbette  type,  has  been  placed  in  position  on  the  blocks  in  the 
No.  7  slipway  at  Chatham.  The  former  vessel  belongs  to  a 
type  which  is  considered  to  be  an  imp-ovement  on  the  Phaton 
class,  and  will  be  360  ft.  in  length  by  60.7  ft.  in  extreme  breadth, 
with  a  displacement  erf  7,700  tons  on  a  draft  of  water  of  24  7  ft. 


The  Schneider  plate  stopped  all  five  of  the  projectiles  and 
broke  three  of  them.  The  penetration  of  the  two  unbroken 
shells  was  8.66  and  10.63  in.  The  plate  was  very  slightly 
cracked  and  but  little  injuted. 

It  will  be  seen  that  these  experiments  coirespond  very  closely 
in  their  results  with  those  secured  in  the  Annapolis  tests. 

AN    ITALIAN    SUBMARINE   BOAT. 

An  Italian  engineer,  Sr.  Balsamello,  has  invented  a  sub- 
marine boat  of  a  new  type.  The  peculiarity  of  this  boat  is  that 
it  is  spherical  in  form.  The  sphere  contains  the  motive  appa- 
ratus and  that  necessary  to  submerge  the  boat  and  return  it  to 
the  surface.     It  is  provided  with  glazed  port-holes,  or  windows. 
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Fig.  219. 
GUIDES    FOR    STATIONARY    ENGINE. 


SCALE,  2   IN.  =  I  FT. 


Her  normal  coal  supply  is  fixed  at  S50  tons,  and  she  will  be 
fitted  with  engines  capable  of  developing  upward  of  12,000 
H.P.,  with  which  it  is  expected  a  speed  of  19  5  knots  will  be 
realized.  The  main  armament  will  consist  of  two  9.25  in.  22- 
ton  breech-loading  guns  and  ten  6  in.  guns,  while  the  auxiliary 
armament  will  be  made  up  of  sixteen  6-pdr.  and  3-pdr.  quick- 
firing  guns,  and  four  torpedo  lubes.  The  Barjleitr  will  in  many 
respects  resemble  the  larger  class  of  battle-ship  now  in  process 
of  construction  at  the  various  Government  and  private  establish- 
ments, of  which  the  Koyal  SoTtreign  and  Hood,  building  at 
Portsmouth  and  Chatham  respectively,  are  types.  Although 
inferior  in  armament,  the  Barjieitt  will  rival  her  larger  sisters 
both  in  coal  supply  and  speed.  She  will  measure  360  ft.  6  in. 
between  perpendiculars,  and  70  ft.  in  extreme  breadth,  with  a 
displacement  of  10,500  tons.  Her  engines  which  are  of  the 
triple-expansion  type,  will  develop  12,000  H.P. ,  from  which  a 
speed  of  18  knots  is  anticipated.  She  will  carry  in  barbettes 
four  lo-in.,  29  ton  breech-loading  guns,  and  will  mount,  in 
addition,  ten  36-pdr.  and  17  quick-firing  guns,  besides  six  tor- 
pedo-tubes for  the  discharge  of  Whitehead  torpedoes.  A 
sister  vessel,  to  be  named  the  Centurion,  will, be  commenced  at 
Portsmouth  in  a  few  days.  — Industrifs. 

RUSSIAN    ARMOR    TRIALS. 

On  November  11,  under  direction  of  officers  of  the  Russian 
Navy,  tests  were  made  at  Ochta  of  three  armor-plates,  which 
had  been  procured  for  the  purpose  of  a  comparative  trial.  One 
of  these  was  a  compound  plate,  from  Brown,  of  Sheffield,  Eng- 
land ;  one  a  steel  plate  from  Vickers,  of  Sheffield,  and  the  third 
a  nickel-sieel  plate  from  Schneidef,  of  Creusot,  France.  All 
were  of  the  same  thickness.  Each  received  five  blows,  the 
projectiles  used  being  5  gin.  Holizer  chrome-steel  shells, 
weighing  90  lbs.  each  ;  the  first  and  second  were  fired  with  a 
velocity  of  1,900  ft.,  the  other  three  2,100  ft. 

In  the  compound  plate  the  first  two  shells  penetrated  13.4 
in.;  the  other  three  passed  through  the  plate  and  backing  and 
(ell  some  distance  beyond.     The  plate  was  very  badly  cracked. 

In  the  Vickers  plate  the  greatest  penetration  was  20.9  in.;  the 
plate  showed  only  light  cracks. 


and  also  with  grapples  worked  from  the  inside,  with  which  ob- 
jects can  be  seized  at  will. 

At  a  recent  trial  of  this  boat  atCivita  Vecchia,  it  worked  very 
satisfactorily.  It  remained  submerged  for  a  long  time  without 
difficulty,  and  was  readily  turned  and  managed,  both  under 
water  and  on  the  surface.  It  passed  under  the  keel  of  a  battle- 
ship in  the  harbor  without  being  seen.  On  a  second  trial  of  this 
kind,  at  an  appointed  time,  a  large  raft  was  thrown  overboard 
from  the  deck  of  the  battle-ship  ;  in  a  moment  there  was  an  ex- 
plosion and  the  raft  was  blown  to  pieces,  while  at  the  same  mo- 
ment the  submarine  boat  came  to  the  surface  about  130  ft.  away. 

The  details  of  Sr.  Balsameilo's  invention  are  for  the  present 
kept  secret  by  the  Italian  Government.  If  the  accounts  of  the 
test  are  correct,  she  must  be  a  formidable  craft. 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING. 


By  M.  N.  Forney. 


{Continued  from  page  41.) 


CHAPTER  \\\.-(,Continued.) 


THE  STEAM-ENGINE. 

GUIDES. 

In  double-acting  steam  cylinders — that  is,  in  those  in  which 
steam  is  admitted  on  both  sides  of  the  piston — it  is  essential 
that  the  piston-rod  should  be  made  so  as  to  be  capable  of 
working  steam  tight  where  it  passes  through  the  cylinder  head. 
To  do  this,  it  must  always  move  in  a  straight  line.  By 
reference  to  Plate  II,  fig.  A,  it  will  be  seen  that  when  the  crank 
is  in  any  other  position  excepting  the  two  dead  points,  the  con- 
necting rod  is  inclined  to  the  longitudinal  center  line  A  B,  pass- 
ing through  the  piston-rod  and  cylinder.  Consequently,  the 
steam  pressure  which  is  transmitted  to  the  crank  by  the  connect- 
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ing-rod  causes  the  latter  to  exert  an  upward  or  a  downward  pres- 
sure on  the  end  of  the  pislon-rod,  and  if  it  was  not  supported  in 
some  way  this  pressure  would  "  spring"  the  rod  and  cause  it  to 
diverge  more  or  'ess  from  a  straight  line  while  it  is  moving. 
As  has  been  explained,  a  sliding  block,  or  cross-head,  is 
attached  to  the  end  of  the  piston-rod,  to  cause  the  latter  to  move 
in  a  straight  line.  The  cross-head  has  bearings  which  slide  on 
bars,  called  ^''tt/i/r'-/^rt'r/,  fastened  to  the  engine  frame  or  cylin- 
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of  cast  iron,  although  in  some  classes  of  engines  they  are  often 
made  of  wrought  iron  or  steel.  Fig.  217  is  a  side  view  looking 
at  the  guide-bar  from  the  inside  of  the  engine  ;  fig.  218  is  a 
transverse  section,  and  shows  the  form  of  the  casting,  and  fig. 
2iq  is  a  plan.  The  student  should  draw  this  half  size.  It  is 
bolted  to  the  engine  frame  by  the  four  bolts  which  are  shown. 
The  slides  work  on  the  top  A  and  bottom  B  of  the  bar,  which 
is  planed  and  filed  so  as  to  be  perfectly  straight.      In  drawing 

the  guide-bar,  a  horizontal  line,  CD, 
should  first  be  laid  down,  representing 
the  top  of  the  frame.  The  distance 
from  the  top  of  the  frame  to  the  cen- 
ter-line of  the  cylinder  should  be  as- 
certained, and  the  line  li  F  drawn. 
From  these  two  lines  various  dimen- 
sions may  be  laid  off.  A  vertical  cen- 
ter-line, G  H,  should  also  be  drawn, 
as  shown  in  the  engraving,  from  which 
other  dimensions  can  be  measured. 
The  method  of  doing  this  will  be  ob- 
vious from  the  engravings. 
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der,  so  as  to  bs  exactly  parallt-l  to  the  center  '.ine  of  the  cylin- 
der. The  lateral  pressure  on  the  end  of  the  piston-rod  is  trans- 
mitted to  these  bars  by  the  bearings  of  the  cross-head,  which 
slide  on  the  guide  bars,  and  the  piston-rod  must,  therefore, 
move  in  a  line  coincident  with  the  center  line  of  the  cylinder. 

Figs.  217,  21S  and  2ig  represent  one  of  the  guide  bars  of  the 
engine  which  has  been  illustrated  in  this  chapter.     This  is  made 


VALVE-STEM    GUIDE. 

What  has  been  said  of  the  piston- 
rod  is  equally  true  of  the  valve  stem 
of  an  engine.    It  must  also  work  steam 
tight  through    the   end  of  the  steam- 
chest,  and  tne  motion  of  the  eccentric 
must    be   communicated   to  it  by  the 
eccentric-rod.     Besides  this,  the  ctn- 
ter  line  of  the  eccentric,  as  shown  in 
the  plan   fig.   B,    Plate   II,  is  usually 
further  from  the  center  of  ths  engine 
than  the  center  of  the  valve-stem  is. 
Consequently,    their   center   lines  are 
not  "  in  line,"  or  coincident  with  each 
other,  and,  therefore,  the  motion  of  the 
eccentric  must  be  transmitted  laterally. 
This  makes  some  form  of  guide  neces- 
sary for  the  valve-stem,  as  well  as  for 
the  piston-rod.    Such  a  guide  is  shown 
in  figs.  220,  221  and  222,  which  repre- 
sent the  guide-bar  B,  fig.  B,  Plate  11, 
which  is  opposite  to.^,  the  one  illus- 
trated by    figs.   217-219.     These   two 
bars  are  similar  to  each  other,  except- 
ing  that  the   one  has  a  guide,  C,  lor 
the  valve-stem  and  the  other  has  not. 
This  guide  consists  of  a  sliding  piece 
6",  which  works  in  a  V-shapcd  groove 
V  I''  in  the  casting  which  forms  the 
•       guide-bar.     The  valve  stem  D  is  fast- 
ened by   two  nuts  to  a  lug  E  on  the 
front  end  of  the  slide.     The  eccentric- 
rod  is  connected   to  the  pin  F,  which 
fits  into  a  tapered  hole  in  the  sliding 
pin  and  is  held  by  a  key  JC. 
The  guide-bar  in  figs.  220-222  is  drawn  in  the  same  way  as 
the  one  shown  in  figs.  217-219.     The  horizontal  center  line  of 
the  valve-stem  slide  coincides  with  that  of  the  cylinder  and  pis- 
ton-rod.    A  vertical  center  line  L  il/ should  be  laid  down  which 
passes  through  the  center  of  the  eccenliic-rod  pin,  as  shown  in 
figs.  220  and  222.  In  the  plan,  fig.  222,  and  the  end  view,  fig.  221, 
the  center  lines  of  the  eccentric-rod  and  the  valve-stem  should  be 
laid  down  as  indicated  by  the  figures,  and  these  two  rods  should 
be  drawn  on  these  lines. 

The  eccentric-rod  has  an  eye  on  its  front  end  by  which  it  Is 
connected  to  the  pin  F.  This  eye  has  a  steel  bushing,  or  ring, 
fitted  into  it  which  can  be  removed  and  replaced  by  a  new  one 
when  it  becomes  worn.  Sometimes  a  strap-end  is  used  on  the 
eccentric-rod  instead  of  an  eye. 

GENERAL    DRAWINGS   OF   A    STEAM  ENGINE. 

The  student,  having  drawn  the  details  of  an  engine,  is  now 
prepared  to  assemble  the  various  parts  and  draw  the  complete 
engine.  To  show  the  construction  of  the  various  parts,  it  is 
advisable  to  show  some  of  them  in  section.  Thus,  instead 
of  representing  a  side  view  of  the  whole  machine,  it  is 
best  to  draw  a  longitudinal  section,  as  in  fig.  A,  Plate  II.  In 
the  plan,  fig.  B,  Plate  II,  a  section  of  the  cylinder  steam-chest 
and  valve  is  shown,  and  a  top  view  of  the  other  parts.  In  both 
cases  the  sections  are  drawn  on  the  center  line  of  the  cylinder. 

The  complete  or  general  drarvitigs,  as  thev  are  called,  shown 
in  Plates  II  and  III,  should  be  drawn  by  the  student  to  a  scale 
of  two  or  three  inches  to  a  foot.  In  making  these  drawings  the 
first  thing  to  do  for  figs.  A  and  B  is  to  lay  down  the  longitudinal 
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center  lines  .4  R  and  C  D  o\  the  cylinder.  A  B  will  piss 
through  the  center  of  the  shaft  S,  and  C  D  passes  through  the 
middle  of  the  crank-pin  P.  From  fig.  A  it  will  be  seen  that  A 
B  \s  ^  in.  above  the  top  of  the  frame,  and  fig.  A,  Plate  I,  shows 
that  the  frame  is  12  in.  deep.  Two  lines  parallel  to  A  B,  one 
of  them  5  in.  below  it  and  the  other  12  in.  below  the  latter, 
should,  therefore,  be  drawn.  These  will  represent  ihe  top  and 
bottom  of  the  frame.  A  longitudinal  section  of  the  frame  can 
then  be  dra.vn  in  fig.  A.  and  a  plan  in  fig,  B  from  the  different 
views  shO'.vn  in  Piate  I.  It  should  be  noticed  that  the  positions 
of  the  frame  in  Plates  I  and  II  are  transposed  or  turned,  "  end 
for  end,"  in  relation  to  each  other.  The  cause  of  this  will  be 
explained  further  on,  but  the  learner  must  be  careful  in  laying 
the  frame  out  on  his  general  drawing  to  get  its  position  right  in 
relation  to  its  other  pins.  The  vertical  center  lines  which  pass 
through  the  middle  of  the  cylinder  and  the  center  of  the  shaft 
are  shown  in  Plate  I.  These  should  be  laid  down  on  the.  draw- 
ings in  their  proper  position  in  relation  to  the  frame.  The  cylin- 
der, piston,  valve  and  steam-chest  can  then  be  drawn  from  figs. 
207-216,  for  which  no  further  explanation  is  required.  The 
pedestal  can  also  be  drawn  from  figs.  19S-200  on  the  lines 
which  p  iss  through  the  center  of  the  shaft.  After  the  pedestal 
is  penciled  in  the  crank  may  be  drawn  from  figs.  r86  and  187, 
in  any  position  the  student  may  fancy.  The  fly-wheel  may  also 
be  represented  on  the  shaft,  the  dimensions  being  taken  from 
figs.  201  and  202.  " 

In  order  to  keep  the  engravings  within  the  size  to  which  ihey 
are  limited,  only  a  portion  of  the  Hy-wheel  is  shown,  the  rest 
being  represented  as  though  it  was  broken  away.  The  student 
may  take  a  sheet  of  paper  sufficiently  large  and  represent  the 
whole  wheel,  which  will  add  considerable  to  the  pictorial  tffcct 
of  his  drawing. 

When  the  crank  has  been  laid  down,  the  length  from  the  cen- 
ter of  one  journal  to  the  center  of  the  other  of  the  connecting- 
rod  should  be  laid  off  from  the  center  of  the  crank-pin  P,  on 
the  longitudinal  center  line  of  the  cylinder  at  F.  This  point 
will  be  the  center  of  the  cross  head  pin,  which,  with  the  cross- 
head,  may  be  drawn  from  figs.  203  to  206,  the  position  of  the  pin 
determining  that  of  the  other  pirts.  In  the  plan  fig.  B,  the 
crank  is  represented  in  the  position  it  would  occupy  when  the 
center  of  its  pin  is  on  the  horizontal  center-line  A  B,  or  is  at 
one  of  its  dead-points,  as  they  are  called.  It  has  been  shown  in 
this  position  in  the  plan  to  avoid  having  the  crank  and  connect- 
ing-rod appear  in  inclined  positions  in  this  view,  which  adds 
materially  to  the  difficulty  of  drawing  them.  After  the  crank 
is  laid  down  in  this  position  in  fig.  B,  the  center  of  the  cross- 
head  pin  may  be  laid  down  at  F  in  the  same  way  as  has  been  ex- 
plained— that  is,  by  measuring  a  distance  equal  to  the  length  of 
the  connecting-rod  frorjrTWfiter  to  center,  from  the  center  of  the 
crank-pin  P  on  the  center  line  C  D  \.o  F,  which  will  be  the  cen- 
ter of  the  cross-head  pin.  The  cross-head  m.T.y  then  be  drawn 
in  the  plan  from  fig.  204.  noticing  that  its  position  must  be  re- 
versed in  fig.  B  from  that  in  which  it  is  shown  in  fig.  204. 

When  the  piston  is  in  the  middle  of  the  cylinder  the  cross- 
head  slides  should  be  in  the  middle  of  the  guides.  From  fig. 
204  it  will  be  seen  that  the  center  line  of  the  cross-head  pin 
passes  through  the  middle  of  the  s'ides.  Consequently,  if  we 
ascertain  the  distance  from  the  middle  of  the  piston  to  the  cen- 
ter of  the  cross-head  pin,  and  lay  that  distance  off  from  the  mid- 
dle line  of  the  cylinder,  on  its  horizontal  center  line,  the  point 
thus  laid  down  will  be  the  middle  of  the  guides,  which  may  then 
be  drawn  on  this  line  from  figs.  217-222.  From  fig.  215  it  will 
be  seen  that  the  thickness  of  the  piston  is  4^^  in.,  and  the  length 
of  its  rod,  measured  from  the  back  of  the  piston  to  the  shoul- 
der which  bears  against  the  cross-head  boss,  is  2  ft.  ^\  in,;  and 
the  distance  from  the  front  of  the  cross-head  boss  to  the  center 
of  its  pin  is  7i^  in.  Adding  one-half  the  thickness  of  the  pis- 
ton =  '2,\  in.  to  the  other  dimensions,  and  w?  have  2\  ''  -f-  2' 
5i^"  -|-  7i^'  =  3'  3"  =  the  distance  from  the  middle  of  the 
cylinder  to  the  middle  of  the  guides.  This  distance  should  be 
laid  off  as  described. 

After  the  position  of  the  cross-head  has  been  laid  down,  a 
center  line  should  be  drawn  in  fig.  A  through  the  center  of  its 
pin  and  that  of  the  crank-pin,  and  the  connecting-rod  can  then 
be  drawn  on  this  center  line  from  figs.  193  to  196.  It  can  be 
shown  in  a  similar  way  in  plan  in  fig.  B. 

After  all  these  parts  have  been  penciled  in,  the  student  should 
ink  those  first  which  are  nearest  to  the  eye,  because  these  are 
shown  in  full  lines.  If  he  attempts  to  ink  in  all  the  parts  sim- 
ultaneously, he  is  apt  to  become  confused  and  draw  some  of 
the  lines  full  which  ought  to  be  dotted.  Thus,  when  the  con- 
necting-rod, crank,  pedestal,  frame  and  flv-wheel  are  drawn  in 
pencil  in  fig.  8,  the  connecting-rod,  which  is  nearest  to  they  eye, 
should  be  inked  in  first,  then  the  crank,  after  that  the  pedestal 
and  frame,  and  last  the  fly-wheel,  because  the  proximity  of  these 
to  the  eye  are  in  the  order  in  which  they  have  been  named. 


It  is  desirable,  however,  in  representing  a  steam-engine  to 
show  the  valve  and  mechanism  for  moving  it.  As  in  this  case 
these  are  on  the  back  of  the  cylinder,  another,  or  a  back  view, 
fig.  A,  Plate  IIF,  of  the  engine  must  be  shown.  In  order  to 
show  the  eccentric  clearly,  the  fly-wheel  is  omitted  in  this  view, 
excepting  that  part  of  its  circumference  is  shown  by  a  dotted 
line.  The  steam-chest  cover  and  the  valve  are  also  omitted,  in 
order  to  show  the  steam  ports  clearly.  The  eccentric  and  rod 
are  drawn  from  figs.  189-192,  the  cross-head  and  valve-stem 
guides  from  figs.  217-222. 

It  will  be  noticed  that  this  view  of  the  engine  is  turned  end 
for  end  from  that  in  which  it  was  shown  in  Plate  II.  The 
reason  for  this  will  be  readily  understood  if  the  student  will 
look  at  both  sides  of  any  object,  say  a  wheelbarrow,  and  he  will 
find  that  if  views  of  both  sides  are  represented  they  must  be 
reversed  in  relation  to  each  other.  It  will  be  seen,  too,  that 
the  frame,  cylinder,  etc.,  in  the  detail  drawings,  are  shown  in 
the  same  position  as  in  Plate  III. 

Fig.  B  \s  a.  transverse  section  through  the  cylinder  drawn  on 
the  vertical  center  line  C//of  Plates  II  and  III.  Fig.  C  is  a 
transverse  section  through  the  euides,  and  fig.  D  a  similar  sec- 
tion on  the  center  line  of  the  shaft.  The  student  should  have 
no  difficulty  in  drawing  these  views  from  the  detail  drawings. 

(to  be  continued.) 


Manufactures, 


General  Notes. 


A  NEW  electric  lighting  system,  for  railway  cars  is  to  be 
placed  on  the  market  some  time  during  the  year  1891  by  the 
Consolidated  Car  Heating  Company.  Each  car  will  have  an 
independent  source  of  light  which  will  be  available  even  when 
the  car  is  at  rest  for  five  hours,  or  perhaps  longer.  The  tax 
upon  the  motive  power  will  be  slight  and  indirect,  no  steam 
being  used.  The  designers  are  now  endeavoring  to  so  simplify 
and  cheapen  the  apparatus  that  it  shall  be,  both  in  first  co?t  and 
in  running  expense,  more  economical  than  any  lights  now  used 
in  first-cl  iss  cars.  The  system  will  include  storage  batteries  and 
a  dynamo  on  each  car,  driven  from  the  car  axle. 

The  Rhode  Island  Locomotive  Works,  in  Providence,  are 
building  six  four-wheel  switching  engines  with  16  X  24-in. 
cylinders  for  the  Boston  &  Albany,  and  10  eight-wheel  engines, 
with  iS  X  24-in.  cylinders,  for  the  New  York,  New  Haven  & 
Hartford.  These  works  have  just  completed  a  compound  loco- 
motive with  high-pressure  cylinder  18  X  24  in.,  low-pressure 
28  X  24  in.,  driving-wheels  78  in.  in  diameter,  boiler  52  in. 
diameter  of  barrel,  and  fire-box  78  in.  long.  This  engine  is  in- 
tended for  fast  passenger  service  on  the  Georgia  Southern  & 
Florida  Railroad,  but  will  be  tried  on  some  Eastern  roads  be- 
fore going  to  its  destination. 

The  Pennsylvania  Machine  Company,  a  new  organization, 
will  hereafter  represent  in  Philadelphia  the  H.  B.  Smith 
Machine  Company,  the  Fitchburg  Machine  Company,  and  a 
number  of  other  concerns  in  the  general  machine  business. 
The  new  company  has  its  offices  at  29  North  Seventh  Street, 
and  J.  J.  White  is  President. 

The  iron  work  of  the  new  elevated  line  of  the  Pennsylvania 
Railroad  through  Jersey  City  will  all  be  painted  with  the  silica- 
graphite  paint  made  by  the  Joseph  Dixon  Crucible  Company  in 
Jersey  City.  This  paint  has  been  adopted  after  careful  examina- 
tion as  the  best  for  the  purpose.  It  has  been  in  use  for  some 
time,  with  very  good  results,  on  other  structures,  where  it  has 
received  severe  tests. 

The  Missouri  Pacific  Railroad  has  recently  put  in  service  12 
handsome  passenger  cars  built  at  the  Pullman  Works.  They 
are  equipped  with  the  Scarritt-Forney  car  seat  with  the  new 
adjustable  foot-rest. 

The  Rogers  Locomotive  Works,  Paterson,  N.  J.,  are  build- 
ing 25  mogul  and  three  decapod  locomotives  for  the  Chicago, 
Burlington  &  Quincy  Railroad. 

The  Madison  Car  Company  is  building  extensive  shops  in 
Madison.  111.,  a  new  town  lately  established  at  the  east  end  of 
the  Merchant's  Bridge  at  St.  Louis.  The  three  main  buildings 
will  be  650  800  and  935  ft.  in  length,  and  the  capacity  will  be 
26  box  cars  per  day.  The  Company  has  let  very  large  contracts 
jfor  iron  and  wood-workmg  tools  to  the  Niles  Tool  Works, 
Hamilton,    O.  ;    A.    B.   Bowman,    St.   Louis  ;    the     Blakeslee 
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Manufacturing   Company,  Cleveland,  O  ;  J.  A.  Fay  &    Com-, 
pany,  Cincinnati  ;    Greenlee   &  Company,   Chicago,  and   the 
lierry  &  Orton  Company,  Philadelphia.      The  engines,  boilers 
and  similar  work  will  be  furnished  by  the  Rankin  &  Fritsch 
Company  and  John  O'Brien  &  Company,  of  St.  Louis. 

I  r  is  stated  that  the  process  for  producing  aluminum  direct 
from  the  ore  adopted  by  the  Cowles  Electric  Smelting  &  Alum. 

inum  Company  has  been  so  improved  that  the  metal  98  per 
cent,  pure  can  be  produced  at  a  cost  of  $1.25  per  lb.  ft  is 
proposed  to  give  up  the  production  of  iron  and  copper  alloys 
at  the  Lockport  Works,  and  to  use  the  entire  plant  there  in  the 
manufacture  of  pure  aluminum.  The  output  will  then  be  from 
1,000  to  1,500  lbs.  per  day. 

Three  locomotives  from  the  Baldwin  Works  were  recently 
put  in  service  on  the  Philadelphia  Division  of  the  Baltimore  & 
Ohio  Railroad.  They  are  eight-wheel  passenger  engines,  with 
cylinders  20  X  24  in.,  driving-wheels  78  in.  and  truck- wheels  36 
in.  in  diameter. 

The  Great  Western  Construction  Company  has  been  organ- 


are  of  the  direct-acting,  vertical,  triple  expansion  type,  with 
cylinders  14^,  22  and  36  in.  in  diameter,  and  24  in  stroke. 
Steam  is  furnished  by  two  steel  boilers,  10  ft.  6  in.  in  diameter 
and  ID  ft.  10  in.  long.  The  boat  is  159  ft.  6  in.  long  ;  27  ft. 
beam  ;  12  ft.  deep,  and  draws  g  ft.  10  in.  of  water. 

The  new  '*  U.  S.  automatic  block  signal,"  which  has  been  tried 
on  several  roads,  is  now  controlled  by  the  Martin  Anti-Fire  Car 
Heater  Company,  of  Dunkirk,  N.  Y.,  and  that  company  will 
shortly  be  prepared  to  put  it  on  the  market. 


An  Improved  Torsional  Testing  Machine. 

The  accompanying  illustration  shows  a  new  torsional  testing 
machine  with  iron  frame,  manufactured  by  the  well-known  firm 
of  Riehle  Brothers  in  Philadelphia.  The  general  arrangement 
and  construction  is  well  shown  in  the  cut. 

The  fixed  head  carrying  self-centering  grips  has  arms  l  ft.  in 
length,  projecting  either  side  of  the  grip-head,  which  is  sup- 
ported on  a  knife-edge.     To   prevent  the  grip-bead  from  lifting 
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ized  to  build  works  in  Chicago  for  the  manufacture  of  locomo- 
tives on  a  plan  devised  and  patented  by  Hugh  R.  Walker,  which 
relates  chiefly  to  the  arrangement  of  the  fire-box.  The  incor- 
porators are  Hugh  R.  Walker,  Alfred  Skinner  and  Thomas  A. 
Winham. 

The  Midgley  Wire  Belt  Company.  Beaver  Falls,  Pa.,  is  mak- 
ing an  increased  amount  of  wire-belting  ;  an  order  has  been  re- 
ceived from  the  Government  for  a  sample  of  torpedo  netting. 

The  plant  of  the  Ryan  &  McDonald  Company,  manufacturers 
of  contractors'  tools,  cars,  etc.,  is  being  removed  from  Water- 
'00,  N.  Y.,  to  South  Baltimore,  where  a  shop,  70  X  350  ft.  in 
size,  is  nearly  finished. 

The  Pullman  Sash  Balance  Company,  Rochester,  N.  Y.,  has 
P'^^^^."t*d  a  new  device  for  windows  which  seems  to  work  rcry 
well  mdeed.     It  is  being  introduced  on  a  number  of  roads. 

The  engines  for  the  Lighthouse  tender  Marigold,  recently 
completed  by  the  Detroit  Dry  Dock  Company,  Detroit,  Mich., 


from  its  position  these  arms  are  connected  to  an  equalizing  lever 
underneath,  and  this  in  turn  connects  the  weighing  beams, 
where  the  strain  is  recorded  in  foot  pounds  without  any  calcu- 
lation on  the  part  of  the  operator.  The  cone  pulley  has  four 
sizes  and  is  driven  from  a  countershaft,  which  should  not  run 
faster  than  30  or  40  revolutions  per  minute. 

This  machine  is  constructed  entirely  of  iron,  steel  and  brass, 
and  is  of  handsome  design  and  finish.  The  levers  and  weigh- 
ing beam  are  adjusted  to  the  United  States  Government  stand- 
ard. Its  general  dimensions  are  :  Extreme  height,  3  ft.  10  in.; 
extreme  length,  6  ft.  4  in.;  extreme  width,  3  ft.;  weight,  2. jog 
lbs.  Specimens  can  be  20  in.  long  or  less  ;  they  can  be  i^ 
in.  square,  or  round  with  squate  eIld^,  or  of  less  size.  The 
motion  of  the  head  is  12  in.;  the  capacity,  5,000  lbs.  A  modi- 
fication of  the  design  enables  the  power  to  be  applied  by  hand, 
although  it  is  considered  much  better  to  run  the  machine  by 
power,  if  possible. 

This  pattern  of  testing  machine  has  met  with  unexpected 
favor  since  the  first  one  was  completed.     The  makers  have 
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furnished  machines  of  this  pattern  which  are  now  in  use  by  the 
Union  Pacific  Railroad  at  Omaha  ;  the  Thomson-Houston 
Electric  Company,  Lynn,  Mass.;  the  State  College  of  Pennsyl- 
vania ;  Clark  University  at  Worcester,  Mass.;  the  Russian 
Government  and  the  Brazilian  Government. 


The  Use  of  Tie-Plates. 


Many  plans  have  been  considered  for  prolonging  the  life  of 
ties,  the  renewal  of  which  forms  so  large  an  item  in  the  expense 
of  maintaining  a  railroad.  In  many  parts  of  the  country  it  is 
difficult  to  get  hard-wood  ties,  while  in  others  local  causes  lead 
to  rapid  decay.  The  different  processes  of  wood  preservation 
have  not  come  into  general  use,  and  in  any  case  they  would  not 
prevent  one  cause  of  the  rapid  deterioration  of  the  tie,  the  cut- 
ting of  the  rail. 

One  of  the  most  effectual  devices  that  has  so  far  been  brought 
into  use  is  the  use  of  the  tie-plate,  or  flat  plate  of  metal  inter- 
posed between  the  tie  and  the  rail.  The  use  and  advantage  of 
this  may  be  illustrated  by  the  accompanying  sketches,  where 
they  are  shown  in  special  pcfsitions.     In  many  cases  extra  spikes 
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are  driven  to  prevent  spreading  of  the  rails,  and  when  the 
wheels  are  on  the  same  the  rails  tend  to  cant  as  shown  in  .^i 
and  A 2.  On  curves,  especially  where  soft-wood  ties  are  used, 
there  is  a  tendency  for  the  inner  rail  to  turn  over,  as  shown  in 
Bi  and  B2.  This  tendency  widens  the  gauge  and  causes  more 
or  less  danger  of  derailment  of  trains.  Where  a  tie-plate  is 
used,  as  shown  in  Di  and  £>2,  the  tie  will  not  be  cut  by  the 
rail-base,  the  gauge  will  be  preserved  and  the  rail-head  will  be 
in  correct  position  to  give  a  good  bearing  to  the  wheels,  as 
shown  in  Ci,  instead  of  cutting  into  the  tie,  widening  the  gauge 
and  destroying  the  lie,  as  shown  at  C2.  Another  case  of  the 
use  of  the  tie-plate  is  shown  at  Fi,  on  heavy  grades  and  with 
•the  outside  rail  on  curves,  where  the  slot  in  the  inside  angle- 
bar  frequently,' wears  rounding,  allowing  the  spike  to  slip  out  of 
and  by  the  slot,  and  permitting  the  rail  to  move.  In  fig.  Ei  a 
case  of  this  kind  is  shown,  where  the  rail  has  moved,  carrying 


the  ties  with  it,  making  the  support  uneven  and  throwing  the 
track  out  of  line.  This  necessarily  caused  more  or  less  oscilla- 
tion to  the  train  and  at  the  same  time  increased  repair  to  track. 
Where  the  tie-plate  is  used,  as  in  fig.  £2,  the  ties  remain  in 
place  and  little  or  no  movement  of  the  rail  is  possible.  If  the 
tie-plate  is  made  of  the  proper  length  and  the  holes  for  the 
spikes  punched  directly  to  agree  with  the  slot  holes  in  the  angle- 
bar  the  spikes  will  afford  material  help  in  keeping  the  rails  in 
place  and  upright. 

Ail  who  have  had  to  do  with  the  maintenance  of  track  will 
appreciate  the  use  of  tie-plates  in  switches.  Fig.  G  illustrates 
this.  Where  the  main  traffic  comes  on  the  curved  rails  the 
plates  should  be  placed  as  shown  in  a  a  a,  but  where  the  straight 
track  is  the  main  track,  they  should  be  placed  as  shown  in  ^  ^  ^. 
Their  use  is  further  desirable  in  this  case,  as  they  tend  to  pro- 
long the  life  of  the  switch  ties,  which  are  of  unusual  length.and 
generally  much  more  expensive  than  the  ordinary  ties. 

It  is  to  meet  this  demand  for  support  to  the  rail  that  the  Servis 
tie-plate  has  been  devised.  It  is  rolled  of  steel  and  provided 
with  a  flange  which  prevents  it  from  buckling  under  the  rail  so 
that  it  becomes  practically  a  part  of  the  tie.  By  giving  an  ex- 
tended bearing  it  prevents  cutting  of  the  ties,  as  noted  above, 
and  preserves  their  surface,  its  own  stiffness  being  secured  by 
the  flanges.  As  at  present  made,  the  plate  is  rolled  in  two 
sizes,  3i  X  8  in.  and  6  X  8  in.,  which  have  been  found  most 
convenient  for  general  use.  Some  recent  experimental  tests 
with  this  plate  have  given  remarkable  results.  In  these  tests, 
which  were  made  at  the  Illinois  Steel  Works,  a  rail  fastened  to 
a  seasoned  oak  tie  with  two  spikes  required  a  pressure  of  5,000 
lbs.  to  spread  the  gauge  ^  in.,  while  the  tie-plate  moved  but  i 
in.,  the  inside  spike  lifting  when  the  rail  was  subjected  to  a 
pressure  of  11,230  lbs.;  for  the  standard  rail-brace  with  three 
extra  spikes  a  force  of  17,400  lbs.  was  required,  showing  the 
tie-plate  to  be  equivalent  to  a  rail  brace  at  every  other  tie.  In 
tests  with  cedar  ties  made  at  Watertown,  Mass.,  a  rail  fastened 
with  two  spikes  showed  a  resistance  of  1,267  lbs.;  the  Servis 
tie-plate  with  two  spikes  showed  7,910  lbs.,  while  the  rail-brace 
with  three  extra  spikes  gave  9,200  lbs.,  or  only  16  per  cent, 
more  than  the  tie-plate.  It  is  well  to  note  that  cedar  ties  with 
the  tie-plate  offered  nearly  80  per  cent,  more  resistance  than  the 
two  spikes  in  seasoned  white  oak. 

The  Servis  tie-plate  has  recently  been  adopted  in  two  places 
where  there  is  extraordinary  wear  of  rails.  One  of  these  is  on 
the  Louisville  Bridge  over  the  Ohio  River,  and  the  other  on 
the  Manhattan  Elevated  Railroad  in  New  York,  where  the  track 
is  subjected  to  as  severe  wear  as  on  any  line  in  the  world. 

It  is  claimed  by  the  manufacturers  of  the  Servis  plate — the 
Dunham  Manufacturing  Company — that  its  use  will  save  one 
renewal  of  ties  ;  that  is,  that  two  sets  of  ties  will  wear  as  long 
as  three  without  the  plate.  In  this  case,  if  the  ties  cost  30  cents 
each,  the  saving  will  be  $660  per  mile,  as  the  renewal  of  ties, 
including  the  labor  of  replacing  them,  and  taking  2,640  to  the 
mile,  will  cost  $1,056,  while  the  cost  of  5,280  tie-plates  at  7^ 
cents  each  would  be  ^396  per  mile.  Where  the  traffic  of  a  road 
is  comparatively  light,  so  that  it  may  not  be  thought  necessary 
to  use  these  plates  on  every  tie,  they  can  be  used  to  great  ad- 
vantage at  exceptional  points,  as  on  curves,  grades,  etc.,  as  in- 
dicated above. 

4 

The  Witherow  Blowing  Engine. 

The  accompanying  illustrations — for  which  and  the  descrip- 
tion we  are  indebted  to  the  American  Manufacturer — show  an 
improved  pattern  of  blowing  engine  built  by  Mr.  J.  P.  Withe 
row,  of  Pittsburgh,  at  his  shops,  which  are  in  New  Castle,  Pa. 
Fig,  I  shows  a  one-half  side  elevation  of  the  engine  ;  fig.  2  a 
one-half  section  ;  fig.  3  a  front  elevation  and  fig.  4  an  enlarged 
perspective  view  of  the  inlet  steam  valve. 

The  general  design  of  the  engines,  it  will  be  seen,  does  not 
vary  from  that  already  in  common  use,  but  there  are  some  de- 


tails in  the  construction  which  it  is  believed  add  materially  to 
their  value  and  economy  in  operation,  notably  among  which  is 
the  valves  for  the  steam  cylinders,  which  it  will  be  observed 
from  an  inspection  of  the  drawings  are  of  the  Wheelock  type. 
This  will  be  described  in  detail  below. 

The  general  dimensions  of  the  engines  are  as  follows  :  Steam 
cylinders,  42  in.  diameter  ;  air  cylinders,  84  in.  diameter  by  60 
in.  stroke  ;  crank  shaft,  14  in.  in  diameter  ;  height  (from  floor 
line),  28  ft.  6  in. ;  weight,  89  tons. 
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The  steam  inlet  valve  referred  to  above  is  shown  in  fig.  4. 
The  valve  seat  is  of  the  gridiron  type,  the  valve  itself  being  a 
flat  slide  with  opening  corresponding  to  those  in  the  seat.  The 
valve  is  operated  by  means  of  a  knuckle-joint  movement,  by  the 
use  of  which  very  slight  lap  is  needed,  and  almost  instantaneous 
opening  and  closing  are  secured  with  great  ease  of  action  un- 
der the  greatest  pressure.  The  movement  of  the  valves  under 
consideration  is  only  |  in.  The  valves  are  fitted  to  separate 
seats  driven  into  holes  in  the  cylinder  a  little  tapering,  no  bon- 
nets being  used. 

The  advantages  claimed  for  this  valve  are  its  adaptability  to 
high  speed,  tightness  and  freedom  from  necessity  of  balancing, 
positiveness  of  action  and  the  entire  avoidance  of  wear  on  the 
cylinder  when  in  use,  all  of  the  work  on  them  being  completed 
before  they  are  placed  in  position. 

Thirteen  of  these  engines  are  contracted  for  or  now  in  course 
of  building.     Three  are  in  position  at  the  works  of  the  Florence 


paring  maps  and  other  important  work.  After  the  close  of 
the  war,  he  resigned,  and  in  1869  was  chosen  Assistant  En- 
gineer of  the  Brooklyn  Bridge,  and  in  that  capacity  assisted 
Mr.  Roebling  in  making  the  original  surveys,  superintended 
the  building  and  placing  of  the  caissons,  the  building  of  the 
New  York  tower  and  the  laying  of  the  superstructure.  He 
also  planned  the  whole  system  of  cable  traction  on  the  bridge. 
After  its  completion  he  resigned  and  occupied  himself  as 
Consulting  Engineer,  chiefly  in  connection  with  cable  railroads. 
He  planned  and  superintended  the  construction  of  the  cable 
road  on  125th  Street  and  Amsterdam  Avenue,  in  New  York 
City,  and  prepared  the  plans  for  the  cable  road  on  the  Third 
Avenue  Line,  which  are  shortly  to  be  carried  out.  He  also 
superintended  the  building  of  the  cable  roads  in  Denver,  Kan- 
sas City  and  Omaha,  and  at  the  time  of  his  death  was  engaged 
in  building  a  cable  road  in  Cleveland,  which  is  now  almost 
completed.     He  leaves  a  wife  and  two  daughters.     He  was  a 
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Cotton  &  Iron  Company,  Florence,  Ala. ;  the  others  will  soon 
be  shipped  to  Middleborough,  Bristol,  and  other  places. 


OBITUARY. 


Colonel  William  H.  Paine  died  suddenly  in  Cleveland, 
O.,  December  31,  of  heart  disease.  He  was  born  in  Chester, 
N.  H.,  in  1828,  and  after  an  ordinary  school  education  and  a 
short  course  in  engineering  he  found  employment  as  a  land  sur- 
veyor in  Wisconsin,  then  a  new  country.  From  Wisconsin  he 
went  to  California,  and  after  engaging  for  a  short  time  in  min- 
'"8.  »n  1849  he  made  surveys  for  a  wagon  road  across  the  Rocky 
Mountains.  In  1853  he  had  charge  of  a  party  which  surveyed 
the  first  line  across  the  Sierra  Nevada  for  a  Pacific  Railroad. 
When  the  war  broke  out  he  entered  the  Fourth  Wisconsin  Reg- 
'nient,  but  was  appointed  to  the  Engineer  Corps,  where  he  re- 
^mamed  throughout  the  war,  being  employed  constantly  in  pre- 


prominent  member  of  the  American    Society  of    Civil  .^En- 
gineers, and  was  highly  esteemed  by  his  associates. 


Selah  Chamberlain,  wISo  died  in  Cleveland,  Ohio,  Decem- 
ber 27,  age  78  years,  was  born  in  Vermont,  and  for  a  short 
time  was  a  clerk  in  Boston.  When  but  24  years  old  he  went 
to  Pennsylvania,  where  be  secured  a  contract  on  the  extension 
of  the  Pennsylvania  Canal.  He  afterward  built  the  Ohio  & 
Pennsylvania  Canal  and  later  part  of  the  Wabash  &  Erie 
Canal.  In  1845  ^^  went  to  Canada  and  took  a  contract  for 
building  part  of  the  canals  along  the  St.  Lawrence  River. 
When  this  work  was  completed  he  built  a  portion  of  the  Rut- 
land Railroad  in  Vermont  and  later  ihe  Ogdensburg  &  Lake 
Champlain  Road  in  New  York.  After  completing  the  latter  he 
went  to  Cleveland  and  took  the  contract  for  building  the  entire 
line  of  the  Cleveland  &  Pittsburgh  Railroad,  which  was  finished 
in.iSsi.  He'  then  went  West  and  was  for  a  number  of  years 
engaged  in  railroad  building  there.     He  constructed  and  was 
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largely  interested  in  the  Minnesota  Central,  the  La  Crosse  & 
Milwaukee,  the  Southern  Minnesota,  the  Hastings  &  Dakota 
and  other  roa>ls.  He  held  large  interests  in  all  of  these  and 
was  chieHy  instrumental  in  bringing  about  the  consolidation 
which  formed  the  present  Chicago,  Milwaukee  &  St.  Paul  Com- 
pany. In  1871  he  returned  to  Ohio  and  took  his  last  contract,  the 
construction  of  the  Lake  Shore  &  Tuscarawas  Valley  Railroad, 
which  was  later  reorganized  as  the  Cleveland,  Lorain  &  Wheel- 
ing. He  remained  President  of  the  Company  until  his  death, 
and  Wis  also  interested  in  a  number  of  manufacturing  and 
other  enterprises.  Mr.  Chamberlain  was  one  of  the  largest 
and  most  successful  railroad  contractors  in  the  country,  and 
leaves  a  considerable  fortune. 


Colonel  J.  M.  Eddy,  who  died  in  Pasadena.  Cal.,  January 
12,  aged  46  years,  was  born  in  St.  Charles,  111.,  and  began  rail- 
road work  when  23  years  old,  as  an  assistant  engineer  on  the 
Union  Pacific.  In  1872  he  was  appointed  Superintendent  of 
Construction  on  the  Texas  &  Pacific.  Later  he  held  the  same 
position  and  afterward  that  of  General  Superintendent  of  the 
Missouri,  Kansas  &  Texas.  In  18S2  he  was  made  General 
Superintendent  of  the  Texas  &  Pacific,  and  in  the  following 
year  General  Manager  of  the  Omaha  Belt  Line.  In  1888  he 
went  back  to  Texas  as  General  Manager  of  the  International  & 
Great  Northern,  and  there  remained  until  recently,  when  he  was 
appointed  Receiver.  He  went  to  California  a  short  time  ago 
on  account  of  ill  health. 


William  John,  a  well  known  English  naval  architect,  died 
suddenly  in  Madrid,  December  28.  Mr.  John  was  at  one  time 
a  constructor  in  the  Navy,  and  was  afterward  for  several  years 
Chief  Engineer  of  the  ship-building  works  at  Barrow-in-Fur- 
ness. At  the  time  of  his  death,  we  believe,  be  was  engaged 
in  some  work  for  the  Spanish  Government.  Mr.  John  was 
known  in  this  country  as  the  engineer  who  furnished  the  plans 
for  the  battleship  Texas,  which  is  now  building  at  Norfolk. 


PERSONALS. 


John  F.  O'Brien  is  now  Superintendent  of  the  Louisville 
Southern  Railroad. 

Thomas  Thompson  has  been  appointed  Railroad  Commis- 
sioner of  Wisconsin. 

Everett  E.  Stone  is  now  Roadmaster  of  the  Second  Divi- 
sion of  the  Boston  &  Albany  Railroad. 

M.  H.  Rogers  has  been  appointed  Chief  Engineer  of  the 
Denver  &  Rio  Grande  Railroad,  with  office  in  Denver,  Col. 

George  B.  Hazlehurst  is  now  General  Superintendent  of 
Motive  Power  of  all  the  lines  of  the  Baltimore  &  Ohio  Railroad 
Company.      His  office  is  in  Baltimore. 

Major  James  W.  Wilson  has  resigned  his  position  as  Superin- 
tendent and  Chief  Engineer  of  the  Knoxville,  Cumberland  Gap 
&  Louisville  Railroad. 

Hon.  Aldace  F.  Walker  has  been  chosen  Chairman  of  the 
Advisory  Board  of  the  new  Western  Traffic  Association.  Mr. 
Walker  made  an  excellent  record  as  a  member  of  the  Interstate 
Commerce  Commission. 

Stacy  B.  Opdyke,  Jr.,  late  General  Superintendent  of  the 
Central  New  England  &  Western  Railroad,  has  entered  into 
partnership  with  M.  Benner  as  contractors  and  bridge  en- 
gineers, at  226  South  Fourth  Street,  Philadelphia. 

Sir  Joseph  Hickson  has  resigned  his  position  as  General 
Manager  of  the  Grand  Trunk  Railway.  He  has  been  connected 
with  the  road  for  29  years,  for  17  of  which  he  has  been  General 
Manager.  His  successor  is  L.  J.  Seargeant,  late  Traffic 
Manager. 

Theodore  Lane  is  now  Engineer  of  Maintenance  of  Way  of 
all  lines  of  the  Norfolk  &  Western  Railroad  east  of  Roanoke, 
and  G.  M.  Thomp.son  of  all  lines  west  of  Roanoke.  R.  P.  C. 
Sanderson  is  Superintendent  of  Motive  Power  of  the  Western 
Division  of  the  road. 

A.  M.  Tucker  is  now  General  Manager  of  the  New  York, 
Pennsylvania  &  Ohio  and  the  Chicago  &  Erie  Divisions  of  the 
New  York,  Lake  Erie  &  Western  Railroad.  J.  C.  Mookehead 
is  General  Superintendent  of  those  divisions,  and  J.  H.  Bar- 
rett is  General  Superintendent  of  the  Erie  Division. 

C.  F.  Meek  has  resigned  his  position  as  General  Manager 
of  the  Mountain  Division  of  the  Union  Pacific  to  take  charge 


of  the  afTairs  of  a  new  electric  light,  power  and  railroad  com- 
pany  in   the  City  of  Mexico.     Mn    Meek's  successor  on  the 
Union  Pacific  is  W.  H.  Bancroft,  recently  Division  Superin 
tendent. 

Brigadier-General  S.  V.  Benet  has  been  relieved  from 
duty  as  Chief  of  Ordnance  of  the  United  States  Army  and  placed 
on  the  retired  list,  having  reached  the  statutory  limit  of  age. 
He  was  born  in  Florida,  graduated  from  West  Point  in  i84(), 
and  was  then  appointed  Second  Lieutenant  in  the  Ordnance 
Department.  He  has,  therefore,  seen  41  continuous  years  of 
service  in  that  department  ;  he  has  been  Chief  for  16  years, 
having  been  promoted  to  that  position  in  June,  1874.  General 
Benet's  successor  is  Colonel  Daniel  W.  Flagler. 

The  following  recent  navy  orders  affecting  the  Engineer 
Corps  are  noted  :  Passed  Assistant  Engineer  Herschkl 
Main  has  been  detached  from  the  Navy  Yard,  New  York,  and 
ordered  to  the  Boston  ;  Passed  Assistant  Engineer  George 
S.  WiLLlTS  from  the  Naval  Academy  to  the  Cramp  yards,  > 
Philadelphia ;  Assistant  Engineer  William  D.  Weaver 
from  the  Boston  to  the  Navy  Yard,  New  York  ;  Assistant  En- 
gineer John  L.  Gow  from  the  Fortune  to  the  Naval  Acad- 
emy ;  Assistant  Engineer  Ward  P.  Winchell  from  the 
Bureau  of  Steam  Engineering  to  the  Fortune. 


PROCEEDINGS    OF  SOCIETIES. 


American  Society  of  Civil  Engineers. — At  the  regular 
meeting,  December  17,  the  Secretary  announced  the  death  of 
Mr.  W.  B.   Knight. 

Mr.  T.  G.  Gribble  read  an  interesting  paper  on  Street  Rail 
road  Track,  urging  the  importance  of  good  track  for  a  street 
railroad,  which  is  too  often  neglected.  The  paper  was  discussed 
gfenerally  by  members  present,  and  in  the  course  of  a  discussion 
Mr.  Tratman  presented  several  sections  of  girder  rails,  including 
those  adopted  for  the  Third  Avenue  and  the  Broadway  cable 
roads  in  New  York. 


A  regular  meeting  was  heldjanuary  7,  President  W.  P.  Shinn 
in  the  chair.  After  the  transaction  of  routine  business  and 
the  announcement  of  the  deaths  of  Colonel  W.  H.  Paine  and 
Addison  Connor,  the  subject  of  street  railroad  track  was  dis- 
cussed orally  and  by  written  communications. 

The  following  candidates  were  declared  elected  : 

Members  :  Charles  Irwin  Brown,  St.  Louis,  Mo.  ;  Charles 
William  Hazleton,  Turners  Falls,  Mass.:  Frederick  Ellsworth 
Sickels,  Kansas  City,  Mo.;  George  Westinghouse,  Jr.,  Pitts- 
burgh, Pa. 

Juniors:  Louis  Douglas  Fouquet,  Walton,  N.  Y.;  Clinton 
Levering  Riggs,  Baltimore,  Md, 


The  officers  elected  for  1891,  as  announced  at  the  annual 
meeting,  are  as  follows ;    President,   Octave  Chanute  ;  Vice 
Presidents,  A.  Fteley  and  Charles  Hermany  ;  Secretary  and  Li- 
brarian,  Francis  Collingwood  ;  Treasurer,   John   Bogart  ;  Di 
rectors,  Charles  B.  Brush,  Rudolph  Hering,  Clemens  Herschel, 
Edward  P.  North,  and  S.  Whinery. 


Military  Service  Institute.— At  the  biennial  meeting,  at 
Governor's  Island,  January  14,  Major-General  Schofield  was 
re-elected  President,  with  the  following  members  of  the  Coun- 
cil :  General  George  D.  Ruggles,  Colonel  R.  P.  Hughes,  Gen- 
eral M.  P.  Small,  Colonel  John  Hamilton,  Major  A.  E.  Bates 
and  Captain  E.  E.  Wood.  The  subject  selected  for  the  prize 
essay  for  this  year  is  "  '  Terrain'  in  Its  Relations  to  Military 
Operations." 

New  England  Water- Works  Association.— At  a  meet 
ing  held  in  Boston,  January  14,  the  following  members  were 
elected  :  W.  W.  Starr,  Jr.,  Bridgeport,  Conn.;  Frank  H.  Mills, 
Woonsocket,  R.  I.;  John  D.  Shippy,  Holliston.  Mass.;  G.  H. 
Barrus,  X.  H.  Goodnow,  S.  E.  Tinkham,  Boston. 

Frederic  P.  Stearns,  Chief  Engineer  of  the  Massachusetts 
Board  of  Health,  read  a  paper  on  the  Effect  of  Storage  on  the 
Quality  of  Water,  giving  many  interesting  facts.  It  was  ac- 
companied by  tables  and  analyses  of  water.  This  paper  was 
generally  discussed. 

Mr.  W.  E.  Davis  described  his  experience  in  rrovtng  700  ft. 
of  pipe  without  taking  the  joints  apart. 


Boston    Society    of   Civil    Engineers. — At    the    regular 
monthly  meeting,  in  Boston,  December  17,  Ellery  C.  Appleton, 
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Alfred  W.  French,  Eugene  J.  Spencer  and  Elton  D.  Walker, 
were  elected  to  membership, 

Mr.  Howard  A.  Carson,  Chief  Engineer  of  the  Metropolitan 
System  of  Sewerage,  gave  an  informal  talk  upon  the  work  un- 
der his  charge.  With  the  aid  of  lantern  views  he  described 
what  had  already  been  done  on  the  Brighton,  East  Boston  and 
Winihrop  sections,  and  gave  the  costs  of  the  same.  He  fol- 
lowed this  talk  with  descriptions  of  the  method  of  tunneling  now 
ueing  used  under  the  Hudson   River. 

Mr.  F.  P.  Stearns,  who  was  one  of  the  commission  appointed 
to  report  a  system  of  sewerage  for  the  District  of  Columbia, 
was  the  next  speaker.  He  explained  the  system  recommended, 
which  provides  for  high  level  intercepting  sewers  to  take  care 
of  the  water  in  the  high  districts  as  far  as  possible,  leaving  as 
small  a  quantity  as  possible  to  be  pumped  from  the  low  dis- 
tricts. About  940  acres  would  have  to  be  taken  care  of  by 
pumping.  The  proposed  system  was  estimated  for  a  popula- 
tion of  500,000. 

Engineers'  Club  of  Philadelphia — At  the  regular  meet- 
ing, December  20,  Mr.  Edward  Hurst  Brown  presented  a  paper 
on  Suburban  Development,  in  which  he  referred  particularly  to 
the  development  of  suburban  places  of  residence  in  the  vicinity 
of  Philadelphia.  There  was  considerable  discussion  by  Messrs. 
Henry  G.  Morris,  Robert  J.  Parvin,  A.  G.  Rudderow  and  C. 
H.  Ott.  Mr.  Morris  advanced  the  opinion  that  a  large  build- 
ing, something  after  the  order  of  the  Drexel  building  in  Phila- 
delphia, could  be  most  advantageously  used  as  a  place  of  resi- 
dence by  families  ;  that  a  city  could  be  constructed  with  such 
places  on  alternate  squares,  arranged  after  the  manner  of  the 
black  squares  on  a  checker-board,  leaving  the  other  spaces  open 
for  healthful  breathing  spaces  and  various  purposes. 

The  Secretary  presented,  for  Mr.  John  Graham,  Jr.,  a  paper 
upon  the  Use  of  a  Pumping  Dredge  by  the  Norfolk  Company  at 
Norfolk,  Va.,  and  explained  its  u.se  in  the  reclamation  of  low 
waste  land  in  such  localities.  He  says  that  the  advantages  of 
this  machine  seem  to  be  its  ability  to  transport  material  to  a 
reasonable  distance  ;  celerity  in  dredging  and  removing  ob- 
stacles to  navigation  ;  celerity  in  filling  ;  economy  in  removing 
and  depositing  the  material.  There  was  some  discussion  by  Mr. 
Robert  J.  Parvin,  in  which  he  referred  to  dredging  work  in  Cal- 
ifornia. 

The  Secretary  presented,  for  Mr.  G.  R.  Henderson,  a  paper 
on  Crown-bar  Stays,  illustrated  by  two  drawings  of  stays,  and 
giving  the  formulas  by  which  ihey  were  proportioned  in  his 
practice,  also  the  results  of  actual  tests  as  to  strength.  There 
was  some  discussion. 

The  Secretary  presented,  for  Mr.  Charles  H.  Haswell,  a  brief 
paper  upon  Shingle  for  Concrete  and  Beton.  He  is  of  the  opin- 
ion that  shingle  under  certain  conditions  is  superior  to  broken 
stone  in  the  composition  of  concrete  and  beton,  both  in  strength 
and  in  economy  of  cost.  There  was  some  discussion  by  Dr. 
H.  M.  Chance  and  Mr.  Howard  Murphy. 


Eiigineering  Association  of  the  South.— At  the  regular 
meeting,  in  Nashville,  Tenn.,  January  8,  a  communication  was 
received  from  the  Alabama  State  Technical  &  Scientific  Society, 
acknowledging  receipt  of  congratulations  on  its  organization. 

The  following  elections  to,  membership  were  announced  : 
Members:  George  B.  Crafts,  Atlanta,  Ga.;  Henry  A.  Turner, 
Birmingham,  Ala.  Associate:  S.  M.  Newbold,  Birmingham, 
Ala.  Juniors:  R.  L.  Johnson.  Columbus,  Ga.;  Thomas  B. 
Wilson,  Jr..  Harriman.  Tenn.;  R.  A.  Chapman,  Sheffield,  Ala. 

Mr.  D.  W.  Cooke  exhibited  and  explained  a  model  and  draw- 
ing of  a  proposed  system  of  light-draft  towage  boats  proposed 
by  him  for  western  rivers.  The  system  proposed  a  series  or 
Main  of  barges  each  having  one  convex  and  one  concave  end. 
The  convex  bow  of  one  was  intended  to  be  fitted  into  the  con- 
cave sterii  of  the  next  ahead,  in  order  to  do  away  with  but  one 
cross-section  resistance  in  moving  through  the  water.  The  line 
of  tows  was  proposed  to  be  drawn  by  a  side- wheel  tug  at  the 
head  of  the  tow,  having  the  same  cross-section  and  having  a 
concave  stern  like  the  other  barges.  Barges  carrying  freight 
to  any  particular  point  are  intended  to  be  dropped  out  at  way 
points,  like  freight  cars  from  a  train. 

A  paper  entitled  a  Study  of  Steam-Engine  Pistons  was  then 
presented  by  Professor  W.  T.  Magruder,  of  Vanderbilt  Uni- 
X^'^^'^y*  The  paper,  after  going  into  an  extensive  discussion  of 
tne  formation,  dimensions,  and  features  of  steam  pistons  for 
arge  engines  in  general,  drew  a  comparison  between  the  best 
lorms  in  practice  and  the  piston  of  the  Holly-Gaskill  pumping 
engmes  at  the  Nashville  Water  Works,  which  have  twice  bro- 
th  Vk"k''^'  ^^^  paper  showed  that  it  was  highly  improbable 
Jrwl  breakage  had  been  caused  by  the  clearance  being  filled 
w»tb  condensation  water. 


Mr.  Landreth  submitted  for  informal  discussion  a  draft  of  a 
Highway  Bill  which  was  being  prepared  by  a  committee  ap- 
pointed by  the  Nashville  Commercial  Club  for  presentation  to 
the  present  State  Legislature.  The  bill  provides  for  a  State 
Board  of  Engineers  composed  of  three  members  appointed  by 
the  Governor,  meeting  quarterly,  having  chiefly  advisory  pow- 
ers, but  having  the  right  to  specify  and  determine  the  qualifica- 
tions of  County  Engineers,  and  the  forms  of  records  and  maps 
by  which  the  work  of  the  several  counties  shall  be  recorded. 
The  bill  further  places  the  control  of  each  county  in  the  hands 
of  a  commission  composed  of  three  members  to  oe  appointed 
by  the  County  Court,  and  requires  the  Commissioners  to  place 
the  execution  of  all  work  in  the  hands  of  a  competent  County 
Engineer,  who  in  turn  may  appoint  as  many  district  superin- 
tendents as  may  be  essential  to  maintain  the  entire  road  system 
of  the  county,  each  Superintendent  being  requited  to  devote  his 
whole  time  to  his  district,  thus  securing  the  maintenance  of 
highways  rather  than  their  periodical  repair.  The  proposed 
bill  abolishes  the  civil  district  or  township  lines  in  the  collection 
and  expenditure  of  taxes,  thus  making  the  county  the  unit  and 
giving  each  county  the  option  to  abolish  the  road  labor  system, 
by  reducing  the  number  of  days  to  be  assessed  each  resident  to 
zero  if  desired.  The  bill  does  not  increase  tne  road  tax  above  that 
of  the  past  few  years,  but  in  fact  substantially  reduces  it  by 
placing  the  maximum  number  of  days'  labor  at  eight  in  place  of 
12  days,  as  at  present. 

Western  Society  of  Engineers. — At  the  annual  meeting, 
in  Chicago.  January  7,  there  was  a  large  attendance.  The 
following  officers  were  elected  for  the  ensuing  year  :  President, 
L.  E.  Cooley  ;  Vice-Presidents,  J.  F.  Wallace  and  J.  O.  Sey- 
mour ;  Secretary,  John  W.  Weston  ;  Trustee,  O.  Chanute. 

Mr.  Cooley  delivered  the  annual  address,  in  which  he  called 
attention  to  the  duties  of  the  engineer  as  a  citizen  toward  the 
general  community. 

The  meeting  was  followed  by  the  annual  banquet,  at  which 
about  200  members  and  guests  were  present* 


Engineers'  Club  of  Cincinnati. — The  third  annual  meeting 
was  held  December  18,  and  was  well  attended.  Thomas  H. 
Kennedy  and  Claude  Freeman  were  elected  members.  The 
Secretary  reported  the  total  number  of  members  at  date  96,  and 
the  average  attendance  at  meetings  during  the  year  251*,.  A 
paper  was  read  at  each  meeting,  and  on  one  night  a  budget  of 
six  short  papers.  The  Treasurer's  report  showed  the  Club  to 
be  out  of  debt  with  a  satisfactory  balance  in  the  treasury. 

The  following  officers  were  elected  :  President,  Robert  L. 
Read  ;  Vice-President,  Ward  Baldwin  ;  Directors,  Epes  Ran- 
dolph, W.  B.  Ruggles  and  S.  Whinery  ;  Secretary,  Treasurer 
and  Librarian,  J.  F,  Wilson. 

The  retiring  President,  Mr.  G.  B.  Nicholson,  read  a  very  in- 
teresting address  in  which  he  reviewed  the  history  of  the  club, 
the  progress  made  since  its  organization,  on  which  he  congrat- 
ulated the  members,  and  its  condition  at  the  present  time.  He 
urged  upon  the  club  the  desirability  of  procuring  permanent 
quarters  and  the  establishment  of  a  library.  His  address  con- 
cluded with  a  short  description  of  the  works  of  engineering  in- 
terest in  and  about  Cincinnati. 


Engineering  Association  of  the  Southwest.— The  regu- 
lar December  meeting  was  held  in  Birmingham,  Ala.  The 
proposed  amendment  to  the  Constitution  was  carried,  and  the 
Association  will  be  known  henceforth  as  the  Engineering  Asso- 
ciation ot  the  South. 

Mr.  A.  B.  Gude  presented  a  paper  on  the  Georgia  Pacific 
Railroad  Bridge  over  the  Yazoo  River,  describing  the  construc- 
tion of  the  bridge,  the  special  point  of  interest  being  the  manner 
of  constructing  the  pier  for  the  draw-span,  which  was  done  by 
driving"  a  large  cluster  of  cypress  piles,  sawing  them  off  even 
with  the  bed  of  the  river,  and  then  placing  on  top  an  octagonal 
grillage  of  three  courses  of  timbers  bolted  together,  on  top  of 
which  the  masonry  was  constructed. 

A  paper  on  the  professional  Status  of  Engineers  was  read  by 
Mr.  William  G.  Williamson.  It  treated  of  abuses  in  the  engi- 
neering profession,  and  of  the  principles  which  should  control 
the  business  relations  of  engineers  with  each  other  and  with 
the  public. 

On  the  day  following  the  meeting  the  members  visited  the 
mines  and  rolling  mills  at  Birmingham,  Bessemer  and  in  the 
neighborhood. 

Michigan  Engineering  Society. — The  twelfth  annual  con- 
vention was  held  at  Lansing,  January  20-23,  when  u  number  of 
papers  were  presented  and  discussed,  amung  them  the  follow- 
ing :  W.  B.  Sears,  Rapid  and  Accurate  Surveying  ;  F.  Hodg- 
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man.  That  Problem  in  Surveying,  and  that  Fallacy  of  the 
Gradienters  ;  M.  E.  Cooley,  Experiments  on  Water  Motors  ; 
N.  F.  Durand,  Behavior  of  Wood  under  Stresses  ;  Josiah  Rip- 
ley, Submarine  Work. 

The  officers  of  the  Society  are  :  President,  J.  B,  Davis  ;  Vice- 
President,  George  L,  Wells  ;  Secretary  and  Treasurer,  F.  Hodg- 
man  ;  Directors,  George  E.  Steele.  M.  E.  Cooley,  C.  E.  Greene. 


Iowa  Civil  Engineers  &  Surveyors'  Society. — The  Fourth 
Annual  Convention  met  in  the  City  Hall,  in  Des  Moines,  De- 
cember 30,  with  a  good  attendance  of  members.  The  Secretary 
read  a  number  of  letters  from  absent  members,  which  were  of 
interest  to  the  Society. 

The  retiring  President,  Mr.  E.  M.  Gilchrist,  then  delivered 
the  annual  address,  which  was  filled  with  good  suggestions  for 
practical  work.  The  reports  of  the  Secretary  and  Treasurer 
showed  a  slight  increase  of  membership,  a  small  balance  in  the 
treasury  and  a  material  growth  of  the  library. 

The  Executive  Committee  reported  the  following  persons 
elected  to  membership  :  M.  V.  Ashby,  Aflon  ;  A.  W.  Heald, 
Hawarden  ;  Edward  S.  Hyde,  Paul  Ilg,  Dubuque  ;  L.  Higgins, 
Des  Moines.  Messrs.  R.  S.  Finkbine  and  R.  L.  Chase,  of  the 
Board  of  Public  Works,  Des  Moinfes,  were  elected  honorary 
members  of  the  Society. 

The  following  officers  were  elected  for  the  ensuing  year  : 
President,  M.  Tschirgi.  Jr.,  Dubuque  ;  Vice-President,  William 
Steyh,  Burlington  ;  Secretary  and  Treasurer,  Seth  Dean,  Glen- 
wood. 

A  number  of  papers  were  read  on  different  subjects.  Among 
others,  one  by  R.  G.  Brown,  of  DeWitt,  on  the  Measurement 
of  Earthwork,  and  one  by  William  Steyh,  of  Burlington,  on 
Taking  Notes  for  Municipal  Improvements,  were  very  full  and 
interesting.  

Civil  Engineers'  Society  of  St.  Paul. — The  annual  meet- 
ing was  held  at  the  Hotel  Ryan,  January  5,  President  Mason 
in  the  chair  ;  11  members  and  i  visitor  present. 

The  minutes  of  the  last  meeting  having  been  read  and  ap- 
proved, the  annual  reports  of  the  Secretary  and  Librarian  were 
read,  and,  upon  motion,  accepted  and  placed  on  file.  Presi- 
dent  Mason  made  some  remarks  appropriate  to  the  end  of  the 
year. 

The  following  officers  were  elected  for  the  ensuing  year  : 
President,  S.  D.  Mason  ;  Vice-President,  George  L.  Wilson  ; 
Secretary,  C.  L.  Auman  ;  Treasurer,  A.  O.  Powell  ;  Librarian, 
A.  Munster  ;  Representative  of  the  Society  on  the  Board  of 
Managers  of  the  Journal  of  the  Association  of  Engineering  So- 
cieties, C.  J.  A.  Morris  ;  Auditor,  W.  W.  Curtis. 

The  literary  exercise  was  a  paper  by  M.  A.  Munster  upon  a 
Diagram  and  Formula  giving  the  strength  of  columns  accord- 
ing to  Gordon's  formula,  by  a  shorter  method. 

Owing  to  the  lateness  of  the  hour,  the  discussion  was  post- 
poned until  the  next  meeting. 

Engineers'  Club  of  St.  Louis. — At  the  annual  meeting, 
December  17,  the  result  of  the  ballot  for  officers  was  reported  as 
follows  :  President,  George  Burnett ;  Vice-President,  N.  W. 
Eayrs  ;  Secretary,  Arthur  Thacher  ;  Treasurer,  Charles  W. 
Melcher  ;  Librarian,  J.  B.  Johnson  ;  Directors,  S.  Bent  Rus- 
sell, F.  E.  Nipher  ;  Managers,  J.  A.  Seddon,  J.  B.  Johnson. 

Colonel  E.  B.  Meier  read  a  Memoir  of  the  late  Thomas  J. 
Whitman,,  formerly  President  of  the  Club. 

The  retiring  President,  Mr.  F.  E.  Nipher,  gave  an  address 
on  the  progress  of  electrical  work  in  St.  Louis,  showing  what 
had  been  done  in  the  way  of  electric  light,  motors  and  street 
railroads. 

Mr.  H.  M.  Kibby  then  read  a  paper  on  Cable  and  Electric 
Railroads,  comparing  the  cost  of  constructing  and  operating 
street  railroads  by  cable  and  by  electricity.  This  paper  called 
out  a  long  discussion,  in  which  some  interesting  facts  and  fig- 
ures were  given. 


At  the  regular  meeting,  January  7,  a  committee  was  ap- 
pointed to  arrange  for  the  purchase  of  the  library  of  the  late 
Mr.  Whitman. 

Mr.  J.  A.  Seddon  read  a  paper  on  the  Economic  Design  of 
Settling  Basins,  giving  an  account  of  the  best  systems  which 
could  be  adopted  in  varying  conditions,  while  at  the  same  time 
providing  sufficient  surface  and  storage  to  permit  the  water  to 
stand  long  enough  to  permit  complete  settlement  of  the  sedi- 
ment, etc.,  and  to  provide  proper  facilities  for  cleaning  the 
basins.  The  paper  was  discussed  by  a  number  of  the  members 
present. 

Northwestern  Track  &  Bridge  Association.— At  the 
regular  December  meeting  in  St.   Paul,   Minn.,  a  paper  was 


read  on  the  Best  Time  and  Place  for  Renewing  Ties,  by  Mr. 
McCutcheon,  which  was  generally  discussed  by  members  pres- 
ent, a  variety  of  opinions  being  expressed. 

Mr.  E.  J.  Pearson  then  read  an  interesting  paper  on  Tempo- 
rary Expedients  in  Case  of  Fire  and  Wash-outs,  giving  descrip- 
tion of  a  number  of  ways  of  building  temporary  trestles  and 
bridges  to  replace  track  or  water-crossings  destroyed,  and  de- 
scribing especially  the  methods  in  use  on  the  Northern  Pacific 
Road. 


Montana    Society  of   Civil    Engineers. — At  the  regular 
December  meeting  in  Helena,  Mont.,  the  Committee  appointed 
to  select  the  representative  to  serve  on  the  Committee  of  Ar 
rangements  for  the  International  Engineering  Congress  in  1893 
recommended  Mr.    Elliott   H.    Wilson.      This  action  was  ap 
proved.     The  Committee  of  Arrangements  for  the  annual  meet 
ing  reported  progress  stating  that  the  first  day  of  the  meeting 
would  be  spent  at  Marysville  visiting  the  works  there. 

A  paper  by  Mr.  S.  J.  Jones  on  the  Arithometer  was  read 
showing  the  advantages  of  the  use  of  this  machine  upon  certain 
classes  of  calculations,  demonstrations  being  made  on  a 
machine  loaned  for  the  purpose.  This  device  is  of  French  in 
vention  and  is  capable  of  multiplying  16  figures  in  the  multipli 
cand  by  eight  figures  in  the  multiplier,  and  performing  division 
with  equal  facility.  It  has  been  in  constant  use  in  the  Mineral 
Department  of  the  United  States  Surveyor  General's  office  for 
Montana  for  about  four  years,  mainly  upon  traverse  calculations, 
and  accomplishes  results  in  much  less  time  than  is  practicable 
by  the  use  of  logarithmic  or  traverse  tables. 


New  England  Railroad  Club. — At  the  regular  meeting  in 
Boston,  January  14,  the  topic  for  discussion  was  "  What  Con- 
stitutes a  Defect  in  a  Vertical  Plane  Coupler  Sufficient  to  Con- 
demn the  Coupler?"  There  was  a  very  lively  discussion,  the 
speakers  being  Messrs.  F.  D.  Adams,  J.  W.  Marden,  John  J. 
Chamberlin,  S.  M.  Butler,  W.  J.  Robertson,  J.  N.  Lauder, 
Albert  Griggs,  J.  H.  Barnes  and  others.  A  number  of  speak- 
ers raised  objections  to  the  vertical  plane  couplers  principally 
on  account  of  the  fact  that  the  knuckles  are  so  easily  broken, 
entailing  expense  for  repairs,  and  partly  also  on  account  of  the 
difficulty  in  coupling  them  with  the  ordinary  link  and  pin 
coupler. 

The  subject  for  the  February  meeting  is  Painting,  and  Mas- 
ter Painters  are  invited  to  meet  with  the  Club. 


New  York  Railroad  Club. — At  the  January  meeting,  in 
New  York,  Mr.  A.  E.  Mitchell,  of  the  Erie,  presented  a  paper 
on  the  Qualities  Essential  for  a  Free-steaming  Locomotive.  Mr. 
W.  G.  Wattson,  of  the  West  Shore,  spoke  on  Car  Service. 

There  was  a  large  attendance  at  the  meeting,  and  a  lively  dis- 
cussion, several  of  the  speakers  giving  interesting  notes  of  ex- 
perience. 


Master  Mechanics'  Association. — It  is  announced  that  the 
Annual  Convention  will  be  held  at  Cape  May,  N.  J.,  beginning 
Tuesday,  June  16.  The  headquarters  of  the  Association  will 
be  at  the  Stockton  Hotel. 


Master  Car  Builders'  Association. — The  Executive  Com 
mittee  announced  that  the  next  Annual  Convention  will  be  held 
at  Cape  May,  N.  J.,  beginning  Tuesday,  June  9.  The  head- 
quarters will  be  at  Stockton  Hotel,  which  has  made  a  uniform 
rate  of  I3.  per  day.  Messrs.  Blackall,  Lentz  and  Kells  are 
the  Committee  on  Headquarters. 


NOTES  AND  NEWS. 


Petroleum  as  a  Locomotive  Fuel. — A  correspondent  in- 
forms us  that  many  of  the  locomotives  of  the  Argentine  Great 
Western  Railroad  are  being  fitted  for  the  use  of  petroleum  as 
fuel,  and  it  will  probably  supersede  all  other  fuel  on  that  road. 
The  oil  used  is  a  heavy  petroleum  found  at  Mendoza,  near  the 
line  of  the  road,  which  answers  the  purpose  of  fuel  fairly  well, 
although  it  has  been  found  impossible  to  refine  it  so  as  to  make 
a  good  lamp  oil.  The  economy  is  very  considerable,  ai  the 
railroad  company  can  procure  this  oil  at  present  at  a  cost  of 
$12  paper  per  ton— equivalent  to  about  $3  gold— while  Engliih 
coal,  which  has  been  used  on  parts  of  the  line,  costs  $20  gold 
per  ton.     Fuel  is  very  scarce  in  the  country. 

Our  correspondent  adds  that  until  more  economical  methods 
are  adopted  in  operating  railroads,  the  Argentine  Republic  will 
never  be  able  to  compete  with  the  United  States  in  the  grain 
markets  of  the  world,  as  it  will  be  impossible  to  give  grain  pro- 
ducers low  rates  to  a  seaport. 
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The  Albert  Bridge  at  Belfast.— The  accompanying  illustra- 
tion from  the  London  Engineer,  shows  a  new  street  bridge — 
named  the  Albert  Bridge— over  the  Lagan  River  at  Belfast, 
Ireland,  which  was  recently  completed  from  the  designs  of  Mr. 
I  C  Bretland.  The  bridge  consists  of  three  arches,  each  made 
up  of  II  cast-iron  ribs.  The  radius  of  the  intrados  of  the  center 
arch  is  OQ  ft.  lo  in.,  and  the  intrados  of  each  of  the  shore 


exact  section  of  the  tunnel — plus  the  trifling  thickness  of  the 
needles.  After  the  brickwork  has  been  built  within  them  the 
needles  are  separately  pushed  forward  by  screw-jacks,  as  the 
ground  is  excavated  for  the  succeeding  length. 

The  needles  are  provided  with  longitudinal  tubular  cavities, 
through  which  grouting  or  other  filling  material  may  be  intro- 
duced from  time  to  time  to  fill  the  space  left  varant  by  the  ad- 


arches  is  107  ft.  7  in.  The  segments  forming'each  arched  rib, 
both  of  the  center  and  the*  shore  arches,  are  five  in  number. 
Each  segment  of  the  cast-iron  ribs,  both  of  the  center  and  the 
shore  arches,  has  intermediate  radial  stiffeners.  All  butting 
surfaces  of  the  segments  were  planed  to  radial  lines,  and  most 
accurately  gauged  in  the  workshop  to  ascertain  that  these  sur- 
faces were  perfectly  true.  No  bolt  holes  were  cast,  but  in  all 
cases  they  were  drilled,  and  all  bosses  faced.  All  bolts,  cither 
for  joints  or  for  connecting  the  wrought-iron  work,  were  turned 
to  an  exact  fit  On  the  upper  flange,  and  in  the  positions  re- 
quired, are  cast  the  lugs  to  which  the  spandrel  pillars  and  lon- 
gitudinal girders  are  to  be  secured.  The  pivots  are  of  cast  iron. 
The  contract  for  the  construction  of  the  bridge  was  taken  by 
Messrs.  Henry,  of  Belfast,  for  ;[C36,500.  The  ironwork  was 
supplied  by  Handyside  «&  Company,  Derby,  England,  the  gran- 
ate  being  prepared  in  the  quarries  at  Dalbeattie. 

Compound  Locomotives  in  Ireland.— The  Worsdell-von 
Borries-La  Page  compound  engines,  which  have  been  recently 
added  to  the  locomotive  stock  of  the  Belfast  &  Northern  Coun- 
ties Railway,  it  is  said,  are  giving  every  satisfaction  and  working 
with  marked  economy.  Most  careful  tests  are  being  made 
with  a  view  to  show  accurately  the  economy  of  the  compound 
engine  over  the  simple.  The  engines  were  built  by  Messrs. 
Beyer,  Peacock  &  Company,  Limited,  of  Manchester. 

A  New  Method  of  Tunneling. — In  the  construction  of  the 
tunnel  which  is  being  made  for  the  new  main  line  of  the  Great 
Northern  Railway  Company,  in  connection  with  its  Metropoli- 
tan traffic  from  King's  Cross,  a  new  method  of  tunneling,  the 
apparatus  for  which  is  the  invention  of  Messrs.  Jennings  & 
Stannard,  Victoria  Street,  Westminster,  is  being  used.  The 
invention  is  to  facilitate  the  construction  of  tunnels,  subways, 
and  sewers  in  cases  where  it  is  necessary  to  support  the  super- 
incumbent earth,  and  to  prevent  subsequent  subsidence  of  the 
surface.  The  most  frequent  cause  of  subsidence  is  due  to  the 
fact  that,  to  admit  of  the  usual  system  of  timbering,  ground 
above  the  limits  of  the  permanent  brickwork  is  disturbed  or  re- 
moved, as  shown  in  fig.  i  ;  and  as  it  is  seldom  thoroughly  re- 
placed by  packing  as  solid  as  the  original  ground,  settlement 
ensues  sooner  or  later.  This  new  method  of  tunneling  obvi- 
ates this,  as  by  its  use  no  ground  outside  the  actual  section  of 
the  subway  need  be  disturbed. 

The  invention  comprises  the  design  and  arrangement  of  a 
series  of  steel  bars  or  "  needles,"  which  are  placed  side  by  side 
within  the  excavation,  so  as  to  form  a  complete  temporary  lin- 
ing and  support  to  the  roof.  Within  this  series  of  needles  the 
permanent  brick  arch  of  the  tunnel  is  built,  as  shown  by  fig.  2. 
The  needles  used  in  this  work  are  10  ft.  long,  6  in.  wide,  and  2 
m.  thick.  They  are  of  sections  like  those  illustrated  by  fig.  3, 
*"  u  "^^  provided  with  longitudinal  grooves,  by  means  of  which 
each  needle  is  linked  to  the  next  one  in  such  a  way  as  to  admit 
2l '^P^'ate  longitudinal  motion. 

,1  he  needles  are  inserted  and  supported  in  the  same  manner 
as  ordinary  tunnel  bars,  the  ground  being  excavated  only  to  the 


vancing  needles  between  the  top  of  the  lining  arch  and  the  earth 
above  and  around,  and  this  prevents  any  subsidence.  A  great 
saving  is  effected  in  the  quantity  of  excavation  necessary  in  the 
present  mode  of  carrying  out  works  of  this  description,  as  by 
this  mode  no  crown  bars  or  poling  boards,  as  in  fig.  1,  are  nec- 
essary, and  the  excavation  is  only  taken  out  the  size  of  the 
brickwork  to  be  built,  as  in  fig.  2,  thereby  preventing  waste  of 
timber  or  the  extra  brickwork  generally  built  between  crown 
bars  or  limbers.  In  driving  sewers,  the  exact  shape  of  the 
sewer  can  be  taken  out,  instead  of  driving  a  square  heading. 

It  will  not  be  so  often  necessary  to  break  up  the  surface  of 
roads  for  the  construction  of  subways  or  passages,  as  with  this 
method  there  need  be  a  thickness  of  only  a  few  feet  above  the 
crown  of  the  arch.  At  King's  Cross  the  heavy  goods  yard  is 
tunneled  by  this  method  to  within  less  than  3  ft.  of  turntable 
foundations,  the  traffic  being   unimpeded.     Part  of  the   work 

Fig.  I. 
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would  have  had  to  be  done  in  open  cutting  and  traffic  stopped, 
but  for  this  system  of  working,  which  saves  3  ft.  of  headway. 
A  great  saving  of  time  is  effected  by  this  method.  The  steel 
needles  will,  of  course,  last  many  years,  and  will  suit  any  shape 
of  arch.  At  the  King's  Cross  tunnel,  experience  has  shown 
that,  besides  a  great  saving  of  time,  there  has  been  a  reduction, 
as  compared  with  the  usual  method,  of  about  50  per  cent,  in  the 
cost  of  all  that  part  of  the  work  which  is  affected  by  the  new 
method — that  is,  from  the  crown  to  the  top  sill  of  the  face  tim- 
bering, below  which  the  work  is  executed  in  the  ordinary  man 
ner. —  The  London  Engineer, 
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An  Electrical  Lighthouse. — The  accompanying  illustra- 
tion, which  is  from  the  report  of  United  States  Consul  Connolly, 
of  Auckland,  New  Zealand,  to  the  State  Department,  shows  a 
lighthouse  devised  by  Mr.  Hannaford,  a  New  Zealand  inventor. 
It  is  an  iron  tower,  with  a  windmill  attached,  which  furnishes 
power  to  run  the  electric  light,  storage  batteries  being  provided 
to  equalize  the  power  and  secure  a  regular,  uniform  light  at  all 
times.     The  inventor  describes  its  working  as  follows  : 

"  The  Hannaford  light  is  in  three  tiers  up  to  the  revolving 
cupola. (which  carries  the  lamp),   but,    although  the   lamp,  of 


course,  revolves  with  the  cupola,  the  arc  within  does  not,  but  is 
always  broadside  to  one  desired  direction,  the  lens  pulley  at  its 
back  facing  (that  is,  the  back  of  the  lens)  the  land.  Now,  the 
lens  has  spring  slides,  which,  when  operated,  send  electric 
flashes  that  can  be  plainly  discerned  a  distance  of  at  least  30 
miles  inland.  Each  set  of  flashes  are  different  from  each  other 
and  represent  the  letters  of  the  alphabet.  An  expert  within  the 
lighthouse  can  communicate  to  an  expert  many  miles  inland 
anything  of  importance — a  supreme  value  in  the  event  of  a 
marine  disaster  or  in  war  time.  Again,  the  arc  can  be  bent 
downward  and  upward,  swayed  to  right  or  left,  or  all  round  the 
compass,  thus  making  it  a  great  ocean  searcher.  Again,  the 
aiC  is  automatic,  does  its  own  lighting  and  extinguishment  to  an 
hour,  a  minute,  or  a  second.  The  storage  of  electricity  is  so 
novel  that  it  is  absolutely  impossible  to  run  short,  even  for  an 
hour,  of  the  full  strength  of  the  15,000  candle-power,  not  even  if 
there  were  a  dead  calm  of  six  months'  duration.  Now,  the 
illustration  of  the  external  appearance  of  Hannaford's  light 
which  I  inclose  would  be  misleading  without  explanation. 
There  is,  in  reality,  no  lattice  ironwork  in  the  base  and  central 
tiers  ;  on  the  contrary,  they  would  be  like  the  top  tier.  It  was 
necessary  to  introduce  this  lattice  work  in  the  working  model  so 
as  to  be  able  to  observe  the  internal  arrangements  of  the  tower." 
The  advantages  claimed  are  cheapness,  durability,  simplicity 
of  construction  and  the  ease  with  which  the  lighthouse  can  be 
erected  or,  if  necessary,  taken  down  and  removed. 

Steel  Barrels. — Works  are  to  be  established  in  Barrow, 
England,  to  make  steel  barrels  for  carrying  oil.  They  will  be 
rolled  by  special  machinery,  devised  by  Mr.  David  Caird. 

To  Prevent  Windows  from  Breaking.— A  French  scientist 
says  that  breakage  of  glass  in  windows  subject  to  shocks — as  in 
the  neighborhood  of  mines  or  quarries  where  heavy  blasts  are 
set  off,  or  near  forts  where  there  is  practice  with  heavy  guns — 
may  be  prevented  by  pasting  on  the  glass  strips  of  paper  cross- 
ing each  other  in  different  directions.  These  will  prevent  or 
Stop  the  vibrations  produced  by  a  shock,  which  are  the  cause 
of  breakage  of  the  glass. 

Hydraulic  Shears  Combined  with  a  Steam*|Intensifier. — 
A  system  of  working  hydraulic  shears  and  other  presses  by 
steam  intensifiers  has  been  developed  on  a  large  scale  in  Ger- 
many by  Mr.  R.  M.   Daelea,  of  DUsseldorf,  Messrs.  Breuer,  I 


Schumacher  &  Company,  Kalk,  Cologne,  being  the  manufac- 
turers. It  is  claimed  that  it  has  proved  both  simple  and  eco- 
nomical. When  hydraulic  power  is  used  for  ingot  shears,  and 
forging  and  stamping  presses,  the  water  pressure  must  be  very 
high  in  order  to  work  with  cylinders  of  small  diameter.  It  is 
difficult  to  maintain  such  a  distribution  of  water  at  high  pressure 
and  guard  against  the  waste  of  water  and  the  consequent  loss 
of  power.  By  the  employment  of  the  intensifier  the  distribution 
is  carried  out.  and  there  is  only  a  short  pipe  from  the  pump  to 
the  large  cylinder  of  the  press,  so  that  there  is  no  loss  of  water. 
Another  difficulty  of  the  hydraulic  installations  with  steam  pump 
and  accumulators  of  high  pressure  is  that  the  same  presssure 
is  used  every  time  upon  the  piston  of  the  press,  while  the  resist- 
ance which  has  to  be  overcome  is  in  most  cases  variable.  This 
leads  to  a  considerable  loss  of  power.  The  steam  intensifier 
works  with  a  variable  pressure,  which  corresponds  to  the  re- 
sistance against  the  piston  of  the  press,  and  this  effect  is  ob- 
tained by  regulating  valves  of  different  forms  which  allow  the 
steam  to  be  used  expansively.  Some  doubt,  which  was  at  first 
expressed,  that  it  would  not  be  possible  to  work  very  exactly 
with  a  hydraulic  piston  driven  by  a  steam  multiplier,  has  been 
dispelled  by  employing  regulating  valves  in  the  water  pipe.  By 
them  the  velocity  of  the  water  and  of  the  steam  piston  can  be 
so  regulated  as  to  move  the  piston  as  steadily  as  in  a  simple 
hydraulic,  press  or  shears.  The  system  has  been  also  applied 
by  Mr.  Daelen  to  cranes  and  hoists,  but  with  lower  water  pres- 
sure. In  this  case  it  is  very  economical  in  installations  where 
there  are  only  so  small  a  number  of  cranes  to  drive  that  it  would 
be  expensive  to  put  in  a  steam  pump  and  an  accumulator.  The 
first  design  was  that  of  a  vertical  bloom  shears  for  billets  or 
blooms  up  to  6  in.  square,  and  flat  bars  and  slabs,  while  the 
one  shown  in  our  illustration  was  designed  for  blooms  up  to  15 
in.  and  more.  There  are  now  in  Germany  and  Austria  a  num- 
ber of  shears  of  both  designs  in  use,  the  weight  of  which  varies 
between  20  and  100  tons.  The  billet  shears  make  about  24 
strokes  per  minute,  and  the  largest  bloom  shears  about  12  per 
minute,  while  shears  driven  by  a  steam-engine  make  only  four 
to  six  per  minute,  and  the  movement  of  the  blade  is  not  depen- 
dent upon  the  will  of  the  operator,  as  it  is  in  the  one  which  we 
illustrate.     Large  bloom  shears  have  powerful  steam-engines. 


which  run  at  full  speed  all  the  time,  returning  as  well  as  cutting. 
Steam  of  high  pressure  is  used  in  the  single-acting  intensifier. 
There  is  a  small  cylinder  upon  or  behind  the  shears,  the  piston 
of  which   is  under   steam    pressure   and  works  the  shear  blade. 

A  number  of  presses  of  different  kinds  and  sizes  are  now  at 

work  for  other  purposes,  among  which  is  a  5,000-ton    press  for 

bending  armor  plates.  Further  presses  of  special  design  for 
stamping  rolled  railroad  sleepers  are  also  at  work.  The  sys- 
tem has  also  been  applied  to  forging  presses  up  to  1,200  tons 
pressure.  The  cranes  and  hoists  have  chiefly  bctn  employed 
in  open-hearth  steel  works. — Industries. 
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The  deaths  of  the  Admiral  of  the  Navy  and  the  Gen- 
eral of  the  Army,  coming  close  together,  remove  at  once 
almost  the  last  of  those  who  held  high  command  during 
the  late  war.  General  Sherman  had  been  actually  retired 
from  service  for  some  time,  and  Admiral  Porter's  health 
had  prevented  him  from  exercising  command  for  several 
years,  so  that  neither  had  taken  an  active  part  in  the  later 
developments  of  the  two  services.  Both  played  great  parts 
when  there  was  need  of  their  services,  and  both  owed  their 
high  rank  to  pre-eminent  merit  as  leaders  on  land  and  by 
sea. 

The  complete  statistics  gathered  by  the  American  Iron 
&  Steel  Association  show  that  the  total  production  of 
pig  iron  in  the  United  States,  in  1890,  was  10,307.028  net 
tuns  of  2,000  tons.  This  is  an  increa.se  of  1,790,949  tons 
or  a  little  over  20  per  cent,  over  1889,  and  was  the  largest 
output  ever  reported  in  the  United  States  in  a  single  year. 
The  production  was  pretty  equally  distributed  throughout 
the  year,  the  second  half  showing  only  about  90,000  tons 
more  than  the  first.  Of  the  total  production  703,522  tons 
were  made  with  charcoal  as  a  fuel  ;  2,448,781  tons  with 
anthracite  coal,  and  the  remaining  7,154,725  tons  with 
bituminous  coal  or  coke.  This  classification  is  not  alto- 
gether strict,  as  in  many  anthracite  furnaces  coke  is  used 
with  the  coal.  Of  the  total  production  4,583,424  tons  are 
classed  as  Bessemer  pig— that  is,  iron  adapted  for  the 
manufacture  of  steel.  This  great  output  entered  very 
largely  into  consumption,  as  the  stocks  reported  unsold  at 
the  close  of  the  year  were  less  than  700,000  tons. 

This  production  puts  the  United  States  at  the  head  of  the 
iron-producing  countries,  as  it  has  passed  Great  Britain 
111  the  quantity  of  iron  yearly  made. 


It  is  hardly  likely  that  1891  will  show  as  large  a  produc- 
tion as  1890.  The  February  report  compiled  by  the  Ameri- 
"in  Manufacturer  shows  a  considerable  falling  off  m  the 
furnaces  in  blast.  On  February  i  there  were  274  furnaces 
running,  the  weekly  capacity  of  which  was  139,340  tons, 
which  IS  a  decrease  of  32  furnaces  in  number  and  of  24,942 
tons  in  weekly  capacity  since  January  i.     The  falling  off 


is  pretty  generally  distributed  and  is  not  all  in  one  dis- 
trict. The  furnaces  which  have  gone  out  of  blast  were  in 
both  Eastern  and  Western  Pennsylvania,  Ohio,  Virginia, 
West  Virginia,  and  Michigan.  The  Southern  furnaces 
remain  about  the  same,  one  or  two  in  Alabama  and 
Georgia  having  stopped  for  repairs,  but  their  places  were 
taken  by  others. 


No  bids  were  received  at  the  Navy  Department  for  the 
fast  torpedo  cruiser,  for  which  bids  were  asked  some  lime 
ago  to  be  sent  in  February.  This  result  was  not  unex- 
pected, as  the  price  fixed  by  law  was  hardly  sufficient  to 
pay  for  the  construction  of  the  vessel  required.  To  attain 
the  speed  of  23  knots,  which  was  specified,  on  so  small  a 
displacement  as  was  required  in  this  case,  is  not  a  very 
easy  matter,  and  would  make  it  necessary  to  build  a  very 
expensive  vessel  with  enormous  engine  power  in  propor- 
tion to  tonnage  and  considerable  structural  strength  to 
enable  her  to  carry  the  engines.  New  proposals  may  be 
advertised  for,  but  it  is  quite  probable  that  no  further 
action  will  be  taken  unless  Congress  modifies  the  law  so 
as  to  permit  the  offer  of  an  increased  price  or  a  lowering 
of  the  speed  conditions. 

An  application  has  been  made  to  Congress  to  authorize 
the  guarantee  by  the  United  States  of  $100,000,000  bonds 
of  the  Nicaraugua  Canal  Company.  The  bill  has  met 
with  considerable  favor,  but  its  passage  is  still  in  doubt, 
owing  to  the  great  press  of  business  at  the  short  session, 
and  the  little  time  remaining  which  would  enable  its  op- 
ponents to  prevent  its  passage,  even  if  they  should  prove 
to  be  in  a  minority.  The  arguments  in  favor  of  the  propo- 
sition are  that  it  will  be  very  difficult  to  procure  the  money 
for  the  construction  of  the  Canal  in  this  country  without 
some  such  action,  and  that  it  will  be  very  much  to  th*  dis- 
advantage of  the  United  States  to  have  the  Canal  built 
with  foreign  capital.  Its  control  is  a  matter  of  great  im- 
portance to  this  country,  and  to  allow  it  to  pass  into  the 
hands  of  a  foreign  Government  would  be  extremely  un- 
wise. That  the  Canal  itself  is  entirely  practicable  is  now 
fully  established,  and  the  only  question  remaining  to  be 
considered  is  that  of  ways  and  means.  Should  the  pro- 
posal for  a  guarantee  fail  in  the  present  Congress,  it  will 
undoubtedly  be  brought  forward  in  the  next,  and  with  con- 
siderable prospect  of  success. 


In  his  recent  annual  message,  the  Governor  of  Missouri 
makes  a  strong  appeal  for  better  wagon  roads.  He  refers 
to  the  condition  of  the  roads  generally  throughout  the 
State,  and  speaks  of  the  cost  to  the  farmer  of  poor  roads, 
and  the  great  advantages  of  improving  their  condition. 
Nothing,  he  says,  would  be  more  beneficial  to  the  State  at 
large  than  a  comprehensive  system  of  good  roads.  It  is 
hoped  that  the  Legislature  will  act  on  this  suggestion  and 
will  take  some  steps  for  the  improvement  of  the  highways 
of  the  State. 


It  is  reported  that  the  Grand  Trunk  Company  purposes 
building  a  new  bridge  over  the  Niagara  River  near  the 
present  suspension  bridge.  The  latter  is  to  be  retained 
for  passenger  trains  only,  and  the  new  structure  used  for 
freight  purposes,  the  suspension  bridge  being  considered 
insufficient  for  the  present  traffic  of  the  road.  Plans  for  a 
stone  arch  bridge  have  been  prepared   by  Mr.  L.  L.  Buck, 
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and  it  is  said  that  his  estimates  are  so  low  that  the  stone 
bridge  will  probably  be   constructed. 


The  Commission  appointed  by  Congress  to  select  a  site 
for  a  new  dry  dock  on  the  Pacific  Coast  has  recommended 
Point  Turner  at  Port  Orchard,  in  Puget  Sound,  as  the 
site,  thus  repeating  the  recommendation  made  some  time 
ago  by  a  committee  of  Naval  Officers.  The  present  Com- 
mission includes  army  and  navy  officers  and  civilians,  and 
its  members  have  made  a  careful  examination  of  the  coast 
and  bays  of  Oregon  and  Washington. 

It  is  to  be  hoped  that  Congress  will  endorse  this  recom- 
mendation by  a  prompt  appropriation,  and  that  provision 
also  will  be  made  for  building  up  a  navy  yard  at  the  same 
point.  The  only  yard  on  the  Pacific  Coast  at  present  is  at 
Mare  Island,  and  it  is  certainly  necessary  to  supplement 
that  by  another,  especially  when  we  consider  the  growing 
importance  of  Puget  Sound  and  the  waters  to  the  north- 
ward. 

The  New  York,  New  Haven  &  Hartford  Company, 
which  has  heretofore  steadily  opposed  the  introduction  of 
continuous  heating  on  its  trains,  has  at  last  decided  to 
adopt  it,  having  closed  a  contract  with  the  Consolidated 
Car  Heating  Company,  of  Albany,  to  equip  at  once  a  large 
number  of  cars.  The  system  to  be  used  is  the  "  consoli- 
dated disk  drum,"  which  is  to  be  used  to  heat  the  water 
in  the  Baker  heater  pipes  already  in  the  cars.  TheSewall 
coupler  will  be  used  for  the  steam  pipes. 

In  justice  to  the  New  Haven  Company,  it  may  be  said 
that  this  change  is  not  the  result  of  public  pressure  arising 
from  the  recent  accident  in  New  York,  as  negotiations  for 
the  use  of  this  system  had  been  going  on  for  some  weeks 
before  the  accident. 

During  its  last  fiscal  year  the  Baltimore  &  Ohio  Com- 
pany made  a  considerable  advance  both  in  traffic  and  earn- 
ings, and  had  upon  the  whole  the  most  prosperous  year 
for  some  time  past.  The  improvements  made  in  the  road 
and  equipment  are  very  considerable,  and  more  are  in 
prospect.  These  include  the  construction  of  several  large 
storage  yards  and  freight  stations  at  different  pomts  and 
considerable  additions  to  the  stock  of  locomotives  and  cars. 
The  freight  for  New  York  is  now  handled  entirely  from  the 
Staten  Island  terminus. 

The  Company  has  made  and  is  making  some  additions 
to  its  mileage.  These  include  the  purchase  and  construc- 
tion of  three  short  lines  in  Western  Maryland  and  West 
Virginia,  which  will  bring  a  considerable  amount  of  min- 
eral traffic  to  the  road.  To  the  eastward  the  Company 
has  completed  the  Baltimore  &  Eastern  Shore  Railroad, 
which,  in  connection  with  the  Annapolis  Short  Line, 
makes  a  more  direct  and  shorter  connection  between  Bal- 
timore and  the  Eastern  Shore  than  has  heretofore  existed. 
The  most  important  acquisition  of  mileage  during  the 
year,  however,  was  the  controlling  interest  in  the  Valley 
Railroad,  from  Valley  Junction  to  Cleveland,  and  the 
construction  of  the  line  from  Akron  to  Chicago  Junction, 
which  will  shorten  considerably  the  Company's  line  to 
Chicago.     The  last-named  line  is  now  nearly  finished. 


The  terminal  line  of  the  Philadelphia  &  Reading  Rail- 
road in  Philadelphia  is  to  be  built,  the  consent  of  the  City 
Council  having  been  at  last  secured.  The  plans  include 
an  elevated  road  crossing  the  streets  in  the  busy  portion 
of  the  city  on  bridges,  and  the  construction  of  a  passenger 


station  of  ample  size,  the  building  itself  to  be  260  x  90  ft., 
and  the  train-house  260  x  575  ft.  This  will  be  a  great  re- 
lief to  the  city  in  freeing  the  streets  from  obstruction,  and 
to  the  road  in  providing  accommodations  for  the  traffic, 
for  which  the  present  station  is  entirely  inadequate. 


How  great  an  obstruction  to  street  traffic  a  railroad 
may  be  is  shown  by  the  statement  that  the  number  of  reg- 
ular trains  entering  and  leaving  the  Philadelphia  &  Read- 
ing stations  in  Philadelphia  is  290,  of  which  230  run  to 
and  from  the  main  station  at  Ninth  and  Green  streets,  the 
remainder  going  to  the  old  station  at  Third  and  Berks 
streets.  This  does  not  include  freight  trains  or  the  cross- 
ing of  the  streets  by  switching  engines.  Under  existing 
circumstances  constant  trouble  is  unavoidable,  and  a  sep- 
aration of  railroad  and  street  grades  has  become  a  neces- 
sity which  could  no  longer  be  postponed. 


The  growth  of  our  larger  cities  creates  an  enormous 
traffic  which  must  be  accommodated,  while  at  the  same 
time  it  makes  the  handling  of  that  traffic  difficult.  Thus 
a  condition  has  arisen  in  which  the  cost  of  the  terminals 
of  a  road  may  almost  equal  that  of  the  road  itself.  Were 
a  new  line  to  be  built  from  New  York  to  Boston,  for  in- 
stance, the  two  sections  of  five  miles  at  each  end  of  the 
road  would  probably  call  for  a  larger  expenditure  of  money 
than  the  200  miles  or  so  which  would  make  up  the  rest  of 
the  line. 

No  railroad  running  out  of  New  York  has  shown  a 
greater  growth  in  suburban  traffic  during  the  past  few 
years  than  the  New  York,  Lake  Erie  &  Western.  The 
road  has  an  excellent  suburban  country  on  its  main  line 
and  branches  ;  but  the  growth  has  been  largely  due  to 
the  great  improvements  in  train  service  and  accommoda- 
tions which  have  been  made  under  the  present  manage- 
ment, which  has  done  much  to  repair  the  mistakes  of 
previous  administrations  in  neglecting  local  business. 


The  American  plan  of  regulating  railroad  time,  which 
has  been  generally  adopted  for  local  time  also  in  this 
country,  is  making  considerable  progress  in  Europe.  In 
August  last  the  German  Railroad  Union,  at  Dresden, 
voted  that,  beginning  with  the  time-table  changes  next 
spring,  uniform  time  shall  be  adopted  for  all  the  railroads 
in  the  Union.  The  time  or  hour  adopted  is  the  hour  of  the 
15th  degree  east  of  the  meridian  of  Greenwich,  and  this 
will  regulate  time  on  all  the  roads,  regardless  of  the  local 
changes.  As  the  Union  includes  all  the  railroads  of  Ger- 
many and  Austria-Hungary,  this  is  a  very  important  step 
toward  the  introduction  of  the  system  in  Europe. 

At  the  same  time  the  Union  expressed  the  opinion  that 
railroad  time,  as  thus  established,  should  be  adopted  as 
the  general  time  for  all  local  and  civil  purposes  in  the 
country  served  by  the  roads,  and  it  is  stated  that  the  Gov- 
ernment is  preparing  a  bill  for  submission  to  the  Reich- 
stag which  will  carry  this  recommendation  into  effect. 

Belgium  and  Holland  will  shortly  adopt  the  same  sys- 
tem, and  it  has  many  advocates  in  France,  so  that  the  prob- 
abilities are  that  Europe  will  before  long  be  governed  as 
to  time  by  this  system,  which  is  now  so  thoroughly  estab- 
lished here  that  no  one,  we  believe,  desires  to  go  back  to 
the  old  plan.  In  time  the  consent  of  all  civilized  nations 
will  be  secured,  and  the  world  will  be  divided  into  hour 
zones,  the  change  of  an  hour  at  each  15  degrees  being  rec- 
ognized everywhere. 
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It  is  proposed  to  cross  the  Potomac  from  Washington 
to  Arlington  Heights  by  a  suspension  bridge,  having  a 
clear  height  of  105  ft.  above  the  water,  with  a  river  span 
of  1,100  ft.  and  two  shore  spans  of  652  ft.  each.  Plans 
for  this  bridge  have  been  prepared  by  the  Corps  of  Engi- 
neers, and  they  provide  for  approaches  at  each  end  com- 
posed of  masonry  arches  and  earth  embankments.  The 
towers  for  the  bridge  will  be  of  granite  about  210  ft.  high, 
and  will  in  general  type  resemble  the  towers  of  the  Brook- 
lyn Bridge.  A  new  bridge  is  very  much  needed  at  that 
point,  and  the  suspension  bridge,  as  proposed,  would  not 
at  all  interfere  with  the  navigation  of  the  river. 


A  TEST  of  English  and  American  locomotives  is  to  be 
made  on  the  New  South  Wales  Government  railroads, 
where  there  are  a  number  of  engines  from  the  Baldwin 
Works.  The  dimensions  of  the  classes  of  engines  chiefly 
used  in  freight  and  general  service  are  : 


Cylinders 

Drivers,  diameter. 
Adhesion  weight   . 

Total  weight 

Heating  surface. . . 

Grate  area 

Boiler  pressure.. . . 


Baldwin 


Baldwin        Beyer,  Peacock  & 


Consolidation.    lo-wheelers 


21  X  26  in. 

51  in. 
120,000  11)5. 
132,000  " 
z,ooo  sq.  ft. 

28  "  " 
160  lb<. 


21  X  24  in. 

61  in. 
97,000  lbs. 
130,000  " 

1.935  sq-  ft- 
a8  "    " 
160  lbs. 


Co.,  lo-wheelers. 

20  X  26  in. 

60  in. 

9  (,000  lbs. 

128,000  " 

a,ooo  sq.  ft. 

28  "     " 

160  lbs. 


All  the  engines  have  copper  fire-boxes  and  brass  tubes. 
The  road  on  which  they  work  has  grades  of  130  ft.  and  176 
ft.  per  mile,  and  11°  curves. 

The  special  competitive  trial  will  be  made  with  the  ten- 
wheeled  engines.  There  are  12  from  the  Baldwin  Works, 
and  50  from  Beyer,  Peacock  &  Company,  and  they  will  be 
run  together  on  similar  work,  and  an  effort  made  to  have 
a  fair  trial  on  their  merits.  They  are  to  be  tested  as  to 
capacity,  economy  in  fuel,  and  cost  of  repairs,  and  the  re- 
sults will  be  observed  with  much  interest. 


COMPOUND  LOCOMOTIVES. 


In  a  review  of  a  report  of  the  performance  of  a  com- 
pound and  a  simple  engine  on  the  Brooklyn  Elevated  Rail- 
road, published  in  the  January  number  of  the  Journal, 
attention  was  called  to  what  appeared  to  be  incongruous 
facts  in  relation  thereto.  The  most  noteworthy  of  these 
was  the  performance  of  the  two  boilers,  the  report  show- 
ing that,  with  substantially  the  same  trains,  the  boiler  of 
the  compound  engine  evaporated  an  average  of  8.25  lbs. 
of  water  per  lb.  of  coal,  whereas  the  boiler  of  the  simple 
engine  evaporated  only  6.69  lbs.  In  the  National  Car 
and  Locomotive  Builder  of  February,  the  editor  of  that 
publication,  as  an  explanation  of  this  apparent  anomaly, 
says  :  "  There  is  no  question  that  an  important  part  of  the 
saving  effected  by  a  compound  over  a  simple  locomotive 
results  from  the  increased  efficiency  of  the  boiler  of  the 
former  engine." 

Probably  a  good  many  readers  will  feel  disposed  to  place 
an  interrogation  mark  after  this  assertion,  or  they  will  ask 
that  a  definite  value  be  assigned  to  the  word  "  important." 
Does  it  mean  that  i  per  cent.,  or  25  per  cent.,  of  saving  is 
due  to  this  cause,  and  where  is  the  proof  that  such  a  sav- 
ing, whatever  it  may  be,  is  due  to  the  cause  assigned  ? 

The  explanation  given  for  the  saving  due  to  the  cause 
quoted  is  that  "  the  decreased  volume  of  steam  called  for 


by  the  cylinder  of  the  compound  locomotive  in  performing 
the  work  done  by  the  simple  engine  increases  the  efficiency 
of  the  boiler  and  has  an  effect  equivalent  to  enlarging  its, 
capacity,  since  the  drain  of  steam  is  reduced."  Stated  as 
a  general  principle,  this  is  admitted,  but  if  quantitative 
values  are  assigned  to  the  volume  of  steam  and  to  the 
efficiency  of  the  boiler,  it  might  be  disputed.  Thus,  the 
report  before  us  shows  that  the  gain  of  the  compound  en- 
gine in  water  consumption  was  23.8  per  cent.  In  other 
words,  the  compound  engine  used  23.8  per  cent,  less 
water  in  doing  the  same  work  than  the  simple  engine  did. 
It  must  be  kept  in  mind,  though,  that  the  simple  engine 
had  a  pressure  of  only  140  lbs.,  whereas  the  compound 
carried  155  lbs.  Had  the  steam  pressure  in  each  engine 
been  equal,  undoubtedly  the  difference  in  water  consump- 
tion would  have  been  less. 

When  we  compare  the  rate  of  evaporation  of  water  per 
pound  of  coal,  it  is  seen  that,  in  the  compound  boiler, 
23.3  per  cent,  more  water  was  converted  into  steam  by 
each  pound  of  coal  than  in  the  boiler  of  the  simple  engine. 
This  is  attributed  by  our  contemporary,  as  explained 
above,  to  the  fact  that  the  boiler  of  the  compound  engine 
was  not  worked  as  hard  as  that  of  the  simple  engine,  to 
the  softened  exhaust  of  the  compound,  and  to  the  fact  that 
the  exhaust  steam  escapes  up  the  chimney  of  the  com- 
pound in  two  puffs  to  each  revolution  of  the  wheels  in- 
stead of  four,  as  in  the  simple  engine.  The  writer  says  : 
"  From  the  experience  we  have  had  with  locomotives  with 
large  and  small  wheels  and  all  other  parts  the  s^me,  we 
are  inclined  to  think  that,  under  certain  limits,  slow  ex- 
hausts tend  to  increase  the  efficiency  of  the  boiler. "  There 
are  persons  whose  experience  leads  them  to  think  just  the 
reverse  of  this,  and  who  believe  that  an  engine  with  small 
wheels  and  cylinders  proportioned  to  them  will  make 
more  steam,  and  do  it  more  economically,  than  one  with 
large  wheels  and  cylinders — in  other  words,  that  many 
small  puffs  of  steam  are  better  than  a  few  big  ones. 

The  whole  argument  for  the  compound  locomotive  de- 
pends upon  whether  it  will  do  a  given  amount  of  work 
with  materially  less  steam  than  a  simple  one  will.  If,  in 
that  respect,  there  is  sufficient  saving  to  compensate  for 
the  additional  cost  and  complication  of  a  compound  loco- 
motive, the  case  is  proved  in  favor  of  the  latter  ;  but  what 
may  be  called  the  consequential  advantages  of  a  light  ex- 
haust and  few  puffs  of  steam — if  they  are  advantages — are 
available  on  simple  engines  as  well  as  on  compounds. 

A  skillful  writer  has  so  many  ways  of  stating  the  results 
of  locomotive  experiments,  he  would  probably  show  an 
economy  of  fuel  as  a  result  of  painting  the  chimney  sky 
blue,  if  he  was  interested  in  producing  such  a  result. 
Now,  no  misrepresentation  in  the  report  here  criticised  is 
charged  or  intimated.  We  have  no  doubt  of  the  fact  that 
the  performances  of  the  engines  was  precisely  as  reported, 
but  we  do  not  agree  with  our  contemporary  that  it  is  a 
matter  of  secondary  importance  "  how  the  thing  comes 
about."  It  is  of  the  utmost  importance  to  know  whether 
the  "  thing"  is  a  consequence  of  the  compound  system  or 
of  some  other  cause.  The  experiments  seem  to  have  been 
conducted  with  great  care,  but  the  trial  has  been  made 
ex  parte,  as  the  lawyers  say.  The  simple  engine  had  no 
counsel  or  advocate,  and  all  of  us  know  the  readiness  of 
mind  with  which  we  accept  evidence  favorable  to  our  in- 
terests, and  the  critical  spirit  that  is  aroused  by  that  which 
is  unfavorable.  Before  the  results  of  such  experiments  as 
we  are  criticising  caa  be  accepted  implicitly,  the  simple 
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engine  should  have  an  advocate  and  a  friend  as  well  as  the 
compound.  It,  at  any  rate,  should  have  the  advantage  of 
equal  steam  pressure,  be  the  advantage  much  or  little.  If 
a  compound  locomotive  consumes  less  steam  than  a  sim- 
ple one,  and  therefore,  the  demands  made  on  the  boiler 
are  less  in  the  former  than  the  latter,  and,  as  a  conse- 
quence, more  water  can  be  evaporated  per  pound  of  coal 
in  the  one  than  in  the  other,  it  is  fair  to  attribute  that  ad- 
vantage to  the  compound  system,  although  it  might  still 
be  an  open  question  whether  it  would  not  be  more 
economical  to  put  the  extra  weight  of  the  compound  cylin- 
ders and  other  parts  into  the  boiler  of  the  simple  engine, 
and  thus  enlarge  it.  A  softened  exhaust  would  then  be 
available,  and  if  two  puffs  per  revolution  are  better  than 
four — of  which  there  is  no  evidence,  excepting  that  our 
critic  is  "inclined  to  think  so" — why,  then  we  could 
arrange  the  engine  to  puff  twice  instead  of  four  times  to 
each  revolution. 

What  is  needed  is  a  series  of  competitive  tests  of  com- 
pound and  non-compound  locomotives— conducted  in  a 
similar  manner  to  the  Burlington  brake  tests  of  a  few 
years  ago— in  which  slow  and  fast,  heavy  and  light  trains, 
should  be  hauled  under  all  the  various  conditions  of  actual 
{Practice. 

If  compound  locomotives  will  save  37.7  per  cent,  of  the 
fuel  consumed,  it  is  a  matter  of  the  most  momentous  im- 
portance to  railroads  and  to  the  whole  country,  and  the 
Railroad  and  Engineering  Journal  will  be  the  last  to 
interpose  any  obstacles  in  the  way  of  that  fact  being  dem- 
onstrated ;  but  when  our  esteemed  contemporary  asks  us 
to  accept  the  conclusions  of  an  ex  parte  report  as  "  irre- 
fragable facts,"  and  hold  our  tongues,  we  will  "  keep  on 
exclaiming,"  and  ask  for  more  proof  and,  if  need  be,  like 
a  Scotch  jury,  bring  in  a  verdict  of  "  not  proven." 


PASSENGER  RATES  IN  EUROPE. 


From  a  report  recently  prepared  by  order  of  the  French 
Chamber  of  Deputies,  it  appears  that  the  average  rates  of 
fare  in  different  European  countries  are  as  follows,  in 
cents  per  mile  : 


Countries. 


France .  . . .,., 
England  .... 
Belgium  .    .. 

Holland 

Germany 

Hungary  ... 
Switzerland  . 

Italy 

Spain 

Russia 


First- 

Second- 

Third- 

class. 

class. 

class. 

40 

3.0 

2.2 

4   > 

3» 

2.0  ' 

.31 

2-4 

1.6 

3-4 

a-7 

1-7 

3.2 

2-4 

1.6 

a-4 

1.6 

0.8 

3  4 

».4 

■•7 

3.6 

2-5 

1.6 

42 

3.2 

a.o 

4.8 

3  5 

1.8 

Fourth- 
cldss. 


0.8 


There  is  a  considerable  difference  in  the  accommoda- 
tions afforded  the  lower  classes  of  passengers  in  different 
countries.  In  England,  for  instance,  second  and  third- 
class  coaches  are  carried  on  nearly  all  the  express  trains, 
while  in  France  and  Germany  third-class  cars  are  found 
only  on  accommodation  trains,  and  on  the  faster  express 
trains  only  first-class  passengers  are  taken.  The  only 
country  having  a  fourth  class  is  Germany,  and  the  cars  of 
that  class  are  usually  attached  to  freight  trains. 

Hungary  has  the  lowest  rates,  probably  owing  to  the 
zone-tariff  system  which  has  been  applied  in  that  country 
with  considerable  success.     Low  rates  are  found  in  Bel- 


gium, Holland,  Germany,  and  Switzerland,  all  countries 
where  incomes  are  limited  and  expenses  carefully  cut 
down.  Russia,  a  country  where  travel  is  comparatively 
light,  has  the  highest  rates.  England  and  France  come 
next,  but  they  are  the  two  countries  which  provide  the  best 
accommodations  for  passengers. 

As  compared  with  our  own  country,  Belgium,  Holland 
and  Germany  come  nearest  to  it,  their  second-class  rate 
being  nearly  the  same  as  our  average  passenger  receipt, 
while  their  first-class  is  not  widely  different  from  our 
regular  rate,  with  sleeping  or  parlor  car  charges  added.  It 
is  not  very  easy  to  make  a  comparison,  however,  as  the 
rates  in  different  sections  of  this  country  differ  so  much. 

The  information  was  collected  with  a  view  of  assisting 
the  French  Chamber  in  preparing  a  measure  for  the  regu- 
lation and  equalization  of  passenger  rates.  This  proposed 
law  is  now  under  consideration. 


HIGHWAY  ROADS. 


The  Massachusetts  Institute  of  Technology  in  Boston 
is  to  have  a  course  ot  instruction  in  Highway  Engineering, 
for  which  the  necessary  funds  have  been  provided  by 
Colonel  Albert  M.  Pope,  of  Boston,  a  gentleman  who  has 
taken  an  active  and  intelligent  interest  in  highway  im- 
provement. It  is  hoped  that  this  course  will  attract  a 
number  of  students  and  will  be  the  means  eventually  of 
disseminating  information  as  to  proper  methods  of  build- 
ing and  maintaining  highways. 

The  short  course  offered  by  Vanderbilt  University,  in 
Nashville,  Tenn.,  for  the  instruction  of  local  road  ofticers, 
has,  we  believe,  met  with  some  success,  and  has  attracted 
quite  a  number  of  the  persons  for  whose  benefit  it  was  in- 
tended. Such  instruction  is  very  much  needed,  and  can- 
not fail  to  be  beneficial. 

The  cause  of  highway  reform  is  making  some  progress 
in  various  quarters  of  the  country.  In  several  counties  in 
New  Jersey  the  adoption  of  the  county  road  law,  which 
was  passed  by  the  Legislature  some  time  ago,  has  been 
the  means  of  beginning  measures  which,  it  is  hoped,  will 
result  in  permanent  and  substantial  improvement  of  the 
highways. 

In  New  York  no  action  was  taken  on  Governor  Hill's 
excellent  suggestions  by  the  last  Legislature,  but  it  is  hoped 
that  something  will  be  done  this  year,  whether  by  adopt- 
ing the  proposal  to  build  State  roads,  or  by  providing  for 
some  form  of  general  supervision  for  the  highways.  The 
present  condition  of  the  roads  in  many  parts  of  New  York 
is  a  disgrace  to  so  wealthy  and  prosperous  a  State,  and 
some  measure  of  reform  is  urgently  needed.  It  is  said 
that  the  Governor  will  again  call  legislative  attention  to 
the  subject,  and  will  urge  it  very  strongly.  The  New  York 
State  Road  Improvement  Association,  which  was  organized 
last  year,  has  been  doing  something  in  awakening  public 
interest  in  the  question,  chiefly  through  the  efforts  of  its 
President. 

In  Pennsylvania  the  Commission  appointed  by  the  Leg- 
islature to  consider  this  subject  has  prepared  a  draft  for  a 
new  law,  which  will  be  submitted  for  action  this  winter, 
and  which  makes  as  radical  changes  as  were  considered 
at  present  advisable.  The  plan  in  substance  provides  for 
the  election  by  the  people  of  three  road  commissioners  for 
each  township,  who  will  appoint  the  roadmasters  of  the 
various  districts,  the  latter  receiving  pay.  The  Commis- 
sion do  not  feel  warranted  in  recommending  at  present 
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the  abolition  of  the  system  of  working  out  road  taxes,  but 
have  made  the  provisions  of  the  law  as  stringent  as  possi- 
ble property  owners  who  desire  to  work  out  the  tax  will  be 
rriuired  to  notify  the  town  commissioner  in  the  spring, 
nd  will  be  required  to  do  their  work  ]ust  when  and  where 
they  may  be  directed  by  the  roadmasters  ;  and  in  case 
they  fail  to  appear  at  the  appointed  time  and  place,  a  sub- 
stitute will  be  promptly  hired,  and  the  delinquent  will  be 
obliged  to  pay  the  tax.  This  is  intended  to  obviate  the 
great  defect  of  the  present  system,  under  which  whatever 
work  is  done  upon  the  roads  is  done  when  the  farmers 
have  most  spare  time,  which  is  precisely  the  period  when 
it  does  the  least  good. 

The  defects  of  this  bill  are  chiefly  that  it  is  not  radical 
enough  ;  the  system  of  working  out  road  taxes  should  be 
abolished  altogether,  and  more  responsible  commissioners 
could  probaby  be  obtained,  if  a  county  instead  of  a  town- 
ship were  made  the  field  of  their  operations.  The  Com- 
mission, however,  has  probably  showed  wisdom  in  ad- 
vancing slowly,  and  not  trying  to  do  too  much  at  once. 

The  proposed  law  provides  also  a  system  of  what  may 
be  called  "premiums."  For  every  mile  of  improved 
road  having  a  permanent  stone  or  gravel  foundation 
built  by  the  township  and  approved  by  the  County 
Commissioners,  the  county  will  build  an  additional  mile 
and*the  State  another,  so  that  any  township  can  secure 
three  miles  of  new  road  at  the  cost  of  one.  This  proposi- 
tion is  likely  to  meet  with  considerable  question  in  the  Leg- 
islature, and,  in  fact,  the  whole  law  as  presented  by  the 
Commission  may  be  considerably  modified  before  pass- 
ing, should  it  pass  at  all. 

In  some  of  the  Western  States  also  movements  in 
favor  of  better  roads  are  reported.  Public  attention  is 
slowly  being  drawn  to  the  question  all  over  the  country, 
in  fact,  and  in  the  course  of  a  few  years  some  substantial 
improvement  may  be  looked  for. 


BUILDING  THE  NEW  NAVY. 


Bureau  OF  Construction  and  Repair.  Annual  Report  to 
the  Sectetary  of  the  Navy  for  the  Fiscal  Year  ending  June  36, 
1890.     Chief  Constructor  T.  D.  Wilson,  Chief  of  Bureau. 

The  building  of  the  new  Navy  has  thrown  upon  the  Bureau  of 
Construction  more  work  during  the  past  two  or  three  years  than 
has  fallen  to  its  share  at  any  previous  time  since  the  war.  The 
designs  of  all  the  new  vessels  have  had  to  be  prepared,  the  draw- 
ings made  and  furnished  to  contractors,  and  a  great  variety  of 
similar  work  to  be  attended  to,  so  that  the  officers  have  been 
very  fully  employed. 

The  annual  report  of  Chief  Constructor  Wilson  is  a  very  in- 
teresting record  of  the  progress  made  in  naval  work  during  the 
past  year,  and  also  of  the  present  condition  of  the  Navy.  That 
the  new  ships  were  not  begun  too  soon  is  shown  by  the  follow- 
ing extract : 

With  the  gradual  appearance  of  the  new  steel  navy  has  come 

Wh^"*  retirement  of  the  wooden  fleet. 

When  the  Chicago,  Boston,  Atlanta  and  Dolphhin  were  begun, 
ne  serviceable  wooden   vessels  numbered  37  in   all  ;  now  there 

e  II  new  steel  vessels  and  one  first-class  torpedo-boat  in  com- 
mission, and  only  18  wooden  steam  vessels, 
disao^       H*^^^"  ^**"  *^*  wooden  fleet  will  have  practically 
vessds*  ^^  *^*^^  ^**"  utilized  as  receiving  and  training 

The  report  is  illustrated  by  a  number  of  drawings  of  the  new 

s  I'ps  designed  by  the  Bureau,  and  by  photographs  showing  the 

progress  made  on  the  vessels  under   construction.     The  more 

^Portant  of  those  designed  and   begun  during  the  year  were 

ruiser  No.  6,  as  yet  unnamed  ;  Armored  Cruiser  No.  2,  the 


New  York  :  the  great  three-screw  cruiser,  at  present  designated 
as  No.  12,  and  the  three  battle-ships,  the  first  of  their  class  for 
our  Navy.  All  of  these  ships  were  designed  by  the  Bureau  of 
Construction,  and  all  of  them   are  described  and  illustrated  in 

the  report. 

. * 

NEW  PUBLICATIONS. 


The  Theory  and  Practice  of  Surveying.  Designed  for 
the  use  of  Surveyors  and  Engineers  generally,  but  especially 
for  the  use  of  Students  in  Engineering  ;  by  Professor  J.  B. 
Johnson,  C.E.    (John  Wiley  &  Sons,  New  York.     Price,  $4.) 

Professor  Johnson's  work  has  become  so  well  and  widely 
known  since  its  first  appearance,  some  five  years  ago,  as  the 
standard  treatise  on  surveying,  that  it  is  hardly  necessary  to  en- 
ter into  an  extended  review  here.  It  is  enough  to  say  that  it  is 
the  most  complete  and  thorough  book  on  the  subject,  and  that 
it  was  the  first  to  treat  fully,  in  an  elementary  way,  several  im- 
portant branches,  such  as  City  Surveying,  Hydrographic  Sur- 
veys, and  Geodetic  work.  That  the  present  is  the  seventh  edi- 
tion is  fair  evidence  of  its  importance. 

In  this  edition  some  important  changes  and  additions  have 
been  made.  Part  I.,  on  Instruments,  has  been  enlarged  by  de- 
scriptions and  cuts  of  several  new  instruments,  including  the 
architects'  level,  Wood's  double  sextant,  and  the  cross-section 
polar  protractor  used  in  the  tunnel  of  the  new  Croton  Aqueduct. 
Some  of  the  tables  have  been  replaced  by  later  ones  worked  out 
by  the  Coast  Survey.  The  chapter  on  Land  Surveying  has  been 
entirely  recast,  and  considerable  new  matter  added.  The  de- 
scription of  the  United  States  Land  Surveys  has  been  rewritten 
and  enlarged.  Some  new  tables  have  been  added,  and  a  meth- 
od of  running  out  parallels  of  latitude  is  also  an  addition. 
These  changes  are  the  result  of  experience,  which  has  showed 
the  weaker  points  of  the  original  work,  enabling  the  author  to 
strengthen  them,  and  to  supply  what  may  have  seemed  to  be 
deficient. 

The  book  is  well  printed,  in  type  of  good  size,  and  the  tables 
especially  deserve  praise  from  the  fact  that  they  are  printed  with 
fair-sized  figures  and  are  not  as  crowded  as  such  work  is  apt  to 
be.  An  exception  must  be  made  in  the  case  of  the  tables  of 
natural  sines  and  tangents  (VI.  and  VII.),  which  would  be  less 
trying  to  the  eyes  had  more  space  been  allowed  them.  The 
illustrations  are  fair  ;  some  of  them  are  good,  but  a  few  are 
hardly  up  to  the  standard  which  so  excellent  a  book  seems  to 
require. 

The  defects  are  not  serious,  however,  and  the  book  is  one 
which  would  seem  to  be  indispensable  for  the  student,  and  almost 
equally  valuable  to  the  engineer  and  surveyor  in  active  practice. 


A  Manual  of  Land  Surveying  :  Comprising  an  Elementary 
Course  of  Practice  with  Instruments,  and  a  Treatise  upon 
the  Survey  of  Public  and  Private  Lands.  By  F.  Hodg- 
man,  C.E.,  and  C.  T.  R.  Bellows,  C.E.  (F,  Hodgman, 
Climax,  Mich.     Pp.  480  ;  price,  $2.50.) 

This  book  had  its  origin  in  the  action  of  the  Michigan  Asso- 
ciation of  Surveyors  &  Civil  Engineers,  which  referred  to  a  com- 
mittee the  task  of  preparing  a  manual  which  should  give  authori- 
tative answers  to  the  many  perplexing  question  constantly  aris- 
ing in  a  surveyor's  practice.  To  this  end,  the  many  decisions 
of  the  courts  in  relation  to  surveys  were  carefully  collected  and 
digested,  so  as  to  give  as  fully  as  possible  all  the  points  in  rela- 
tion to  surveys  and  boundaries  which  are  likely  to  arise  in 
ordinary  work.  This  has  not  been  done  at  the  expense  of  the 
mathematical  part  of  the  work,  and  the  latter  has  been  given  at 
sufficient  length  to  make  it  serve  as  a  text-book  for  the  student, 
or  as  a  companion  for  the  surveyor. 

The  book,  as  first  issued,  has  stood  the  test  of  time,  and  the 
fifth  edition  is  now  issued,  revised  by  Mr.  Hodgman,  and  with 
some  additions. 
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The  various  chapters  treat  of  Instruments  ;  Measurements  ; 
Platting  and  Computing  Areas  ;  Curvilinear  Surveying  ;  Orig- 
inal Surveys,  including  those  of  the  public  lands  ;  Subdivision 
of  Sections  ;  Resurveys  ;  Relocating  Lost  Corners  ;  Map-mak- 
ing and  Leveling.      A  supplement  contains  the  usual  tables. 

It  IS  a  thoroughly  practical  book,  and  must  be  appreciated  by 
the  land  surveyor,  who  so  often  needs  a  guide  which  will  give 
him  in  condensed  and  Intelligible  form  the  law  of  the  cases  which 
he  is  constantly  meeting,  by  which  his  action  must  be  gov- 
erned. Much  often  depends  on  his  action,  and  it  is  important 
that  it  should  be  correctly  taken  in  all  respects. 


Examination  of  Water  for  Sanitary  and  Technical 
Purposes.  By  Henry  LefTman,  M.D.,  Ph.D.,  and  William 
Beam,  M.A.  (P.  Blakiston,  Son  &  Company,  Philadelphia. 
Price,  |i.) 

The  examination  of  water  and  the  decision  as  to  the  best 
sources  from  which  it  is  to  be  obtained  are  questions  which 
often  meet  the  engineer  in  practice,  and  which  he  cannot  always 
obtain  the  aid  of  the  chemist  to  decide.  Very  often  also  points 
of  considerable  importance  may  be  afifected  by  the  water  sup- 
ply, such  as  the  location  of  water  tanks  on  a  railroad,  the  choice 
of  a  place  for  a  division  station  and  shops,  and  the  like.  The 
aid  of  the  chemist  should,  of  course,  be  called  in  wherever  pos- 
sible ;  but  it  is  well  for  the  engineer  to  know  something  of  the 
best  methods  to  be  adopted  in  examining  water,  and  of  the  qual- 
ities which  make  it  available  or  otherwise  for  his  purposes. 

Something  may  be  judged  of  the  scope  and  plan  of  this  book 
by  the  titles  of  its  chapters.  They  are  on  History  of  Natural 
Waters  ;  Analytical  Operations  ;  Interpretation  of  Results  ; 
Biological  Examinations  ;  Purihcation  of  Drinking  Water  ; 
Identification  of  Source  of  Water  ;  Technical  Applications  ; 
Analytical  Data.  The  chapter  on  Technical  Applications  in- 
cludes the  definition  of  the  qualities  which  affect  water  to  be 
used  in  boilers  and  the  methods  adopted  for  purifying  water  for 
this  purpose  when  necessary. 

The  engineer  engaged  on  water  works  will  find  of  especial 
interest  the  sections  on  sanitary  applications,  on  biological  ex- 
aminations, and  on  the  latest  methods  adopted  for  purifying 
drinking  water.  The  practical  applications  are  numerous,  and 
will  readily  suggest  themselves. 

Especially  valuable  is  the  section  on  interpretation  of  results, 
for,  as  experience  has  often  shown,  it  is  easier  to  make  a  test, 
in  many  cases,  than  to  use  properly  the  lessons  which  the  test 
should  teach.  

Preliminary  Survey  and  Estimates.  By  Theodore  Graham 
Gribble,  C.  E.  (Longmans,  Green  «&  Company,  London  and 
New  York.     Illustrated,  420  pages  ;  price,  $2.25.) 

An  English  technical  book  which  is,  confessedly,  based  to  a 
considerable  extent  on  American  ntethods,  is  somewhat  of  a 
rarity,  but  it  is  found  in  this  case.  The  author  has  apparently 
seen  practical  service  in  Canada  and  Australia,  and  he  criticises 
English  methods  of  instruction  in  his  preface  even  more 
severely  than  an  American  would  be  apt  to  do.  The  young 
English  engineer,  he  thinks,  is  not,  as  a  rule,  sufficiently  trained 
in  practical  methods  ;  his  ideas  have  not  sufficient  flexibility, 
and  he  is  too  much  inclined  to  look  with  disfavor  on  everything 
which  differs  from  English  work.  The  consequence  is  that  in 
new  countries,  even  in  the  English  colonies,  the  door  is  closed 
to  the  English  engineer  as  soon  as  men  can  be  trained  abroad. 
This  tendency  he  wishes  to  change.  Something  of  the  general 
plan  of  his  book  may  be  learned  from  the  following  extracts 
from  his  preface  : 

In  simplicity  of  survey  practice,  uniformity  of  gauge,  types 
of  bridges,  and  rolling  stock,  the  American  engineer  may  be 
profitably  (though  not  slavishly)  imitated  in  the  work  of  opening 
out  a  new  sphere  of  enterprise 

The  methods  of  surveying  considered  in  the  following  pages 
are  by  no  means  exclusively  American.     In  the  class  of  work 


formerly  called  telemetry,  but  now  tacheometry,  we  have  to  go 
to  Italians,  French  and  Germans  for  most  of  the  original  con- 
ceptions, and  the  best  modern  developments.  Comparatively 
few  English  engineers  really  practise  these  methods  unless  they 
have  learned  them  abroad,  although  some  are  thoroughly  pro'. 
ficieni  in  them. 

The  title  of  this  book,  "  Prelirainary  Survey,"   is  American 
and  answers  somewhat  to  our  "  Parliamentary  Work  ;"  but  it 
covers  a  wider  range  — in  fact,  the  whole  science  of  surveyirg  in 
a  condensed  form,  with  the  exception  of  those  minute  details 
where  very  great  accuracy  is  required 

Considerable  use  has  been  made  of  standard  authorities  on 
both  sides  of  the  Atlantic,  but  the  subject-matter  is  in  the  main 
the  result  of  actual  experience.  The  necessary  compactness  of 
such  a  work  has  made  it  eclectic.  Some  methods  have  been 
passed  over  with  slender  comments,  allhough  occupying  much 
space  in  other  text-books.  On  the  other  hand,  such  subjects  as 
tacheometry,  computation  by  diagram  and  slide-rule,  signaling. 
etc.,  which  are  as  yet  hardly  known  to  the  general  public,  ex 
cept  in  pamphlet  form,  are  here  treated  of  at  considerable 
length. 

On  these  lines  Mr.  Gribble  has  produced  a  book  which  is 
worth  study.  The  criticisms  of  a  friend  should  be  profitable, 
and  it  is  well  to  know  how  our  own  methods  appear  to  one  who 
has  been  trained  in  others.  Much  is  also  to  be  learned  by  com- 
bining different  systems,  and  a  wise  eclecticism  is,  perhaps,  the 
best  of  all  methods. 

The  chief  subjects  treated  of,  after  the  general  introduction, 
are  Reconnoissances :  Hydrography  and  Hydraulics  ;  Geo- 
detic Astronomy  ;  Tacheometry  ;  Chain  Surveying  ;  Curve 
Ranging  ;  Graphic  Calculation  for  Preliminary  Estimates  ;  In- 
struments.    An  appendix  contains  tables  for  curves  and  spirals. 

Perhaps  the  chapters  on  Reconnoissance  and  on  Tacheometry 
are  the  most  interesting  ;  but  there  is  much  to  be  found  that 
may  be  carefully  read,  and  the  book  will  repay  attention  given 
to  it  by  engineers,  even  if  they  do  not  always  agree  with  the 
author. 

A  Study  of  Combustion.  By  C.  Chomienne,  Engineer  of 
the  Couzon  Forge.     (Imprimerie  Chaix,  Paris.) 

This  is  a  reprint  of  a  paper  prepared  by  M.  Chomienne,  with 
some  of  whose  work  our  readers  are  familiar,  for  the  Society  of 
Alumni  of  the  French  National  Schools  of  Arts  and  Trades. 
That  is  is  a  thorough  and  carefully  executed  piece  of  work 
need  hardly  be  said,  when  speaking  of  the  author.  His  object 
has  been  to  consider  the  subject  of  Combustion  in  the  light  of 
the  latest  experience  and  the  latest  experiments.  Especial 
weight  is  given  to  the  latest  forms  of  fire-boxes,  and  to  devices 
for  ensuring  complete  combustion  of  fuel  ;  to  tubulous  and 
other  types  of  boilers  for  high-pressure  ;  and  to  the  use  of  liquid 
and  gaseous  fuels.  Some  prominence  is  also  given  to  the 
necessity— more  felt  at  present  in  France  than  in  this  country 
— of  the  closest  economy  in  the  consumption  of  fuel,  and  the 
complete  utilization  of  the  heat  produced  by  its  combustion  in 
the  boiler,  a  point  to  which  too  much  attention  can  hardly  be 
given. 

New  England  Roadmasters'  Association  :  Proceedings  oj 
the  Eighth  Annual  Convention,  held  in  Boston,  August  20 
and  21,  1890.     (The  Association,  Northampton,  Mass.) 

This  report  contains  much  matter  of  interest  to  engineers  and 
roadmasters,  including  reports  and  discussions  on  Maintenance 
of  Track,  Inspection  of  Road-bed,  Frogs  and  Switches,  and 
Ties.  The  members  evidently  have  among  them  many  active 
and  observant  men,  whose  notes  of  experience  are  of  value  and 
interest,  and  who  are  not  afraid  to  bring  them  out  before  the 
convention. 

The  progress  made  by  the  Association  is  shown  by  a  glance 
at  this  report  and  the  Proceedings  for  the  previous  year.  Size 
alone  is  not  always  a  test  of  a  book,  but  in  this  case  the  report 
has  almost  doubled  in  size  without  any  diminution  in  excellence. 
The  Association  is  to  be  congratulated  on  the  evidence  thus  pre- 
sented of  growing  activity  and  usefulness. 
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Master  Mechanics'  Association  :  General  Index  to  the 
Annual  Reports.  Covering  the  Reports  from  the  Fitst  to 
the  Twenty-third,  Inclusive— i^b^-qo.  Prepared  by  Angus 
Sinclair,  Secretary.     (The  Association,  New  York.) 

The  preparation  of  this  Index  was  undertaken  by  Secretary 

Sinclair  in  accordance  with  a  resolution  passed  by  the  Associa- 
tion last  year.  It  is  hardly  necessary  to  say  that  it  will  be  of 
great  service  to  those  members  and  others  who  preserre  their 
reports  and  have  occasion  to  refer  to  them.  An  editor  es- 
pecially appreciates  the  time  and  labor  spent  in  searching  for  a 
report  or  paper  through  a  series  of  volumes  ;  and  he  also  ap- 
preciates thoroughly  the  care  with  which  Mr.  Sinclair's  work 
has  been  performed,  and  the  time  and  trouble  required  for  such 

a  task. 

♦ 

TRADE    CATALOGUES. 


Central  Station  Electric  Li^htins;  Plants  and  Electric  Railroads  of 
the  United  States.  The  Thomson- Houston  Electric  Company, 
Boston. 

This  book  consists  of  a  series  of  outline  maps  of  the  United 
States,  showing  the  cities  where  electric  lighting  plants  are  in 
operation,  the  marks  on  the  map  indicating  what  system  is  in 
use  in  each  place.  A  second  series,  on  a  somewhat  smaller 
scale,  shows  the  cities  which  are  provided  with  electric  rail- 
roads, the  system  in  use  being  also  indicated  on  these  maps. 
These  maps  are  accompanied  by  some  pages  of  tables,  giving 
the  number  of  central  station  lighting  plants  of  different  sys- 
tems, and  also  the  number  of  electric  railroads  in  operation. 

The  map  is  very  convenient  for  use  by  those  who  are  inter- 
ested in  electrical  matters.  The  maps  are  interspersed  with 
advertising  pages,  which  are  chiefly  taken  up  by  manufacturers 
of  electrical  apparatus,  and  of  steam-engines  and  other  auxiliary 
machinery. 

Staunton,  Virginia  :  its  Past,  Present,  and  Future.      The  Staun- 
ton Development  Company. 

This  book  is  intended  to  make  known  to  the  world  the 
advantages  and  prospects  of  the  town  of  Staunton  and  the  ad- 
jacent country.  This  is  done  by  a  well-written  historical  sketch 
and  a  general  description.  The  best  part  of  the  book,  however, 
is  the  illustration,  which  includes  a  number  of  views  in  and 
about  the  town  and  in  the  adjoining  country.  Most  of  these 
are  from  photographs,  and  they  include  some  of  the  best  work 
of  the  kind  we  have  ever  seen.  They  certainly  give  the  reader 
an  excellent  idea  of  the  place,  and  are  a  most  attractive  adver- 
tisement. 


Illustrated  Catalogue  of  the  Decauville  Portable  Railroad.     Petit- 
Bourg,  France  ;  La  Soci^t^  Decauville  A  in/. 

Van  Vranken's  Automatic  Flush    Tank  for  Flushing   Sewers, 
Drains,  etc.     Schenectady,  N.   Y.;  Benjamin  Van  Vranken. 


BOOKS    RECEIVED. 


J^eports  of  the  Consuls  of  the  United  States  to  the  State  Depart- 
ment :  No.  122,  November,  1890.  Washington  ;  Government 
Printing  Office. 

European  Emigration  :  Studies  in  Europe  :  by  F.  L.  Dingley, 
Special  Consular  Report  to  the  State  Department.  Washington  ; 
Government  Printing  Office. 

Compound  Locomotives  :  by  Professor  Arthur  T.  Woods^  M.E. 

New  York  ;  R.  M.Van  Arsdale  (price,  $2).  This  book  is  received 

00  late  to  give  it  the  comment  which  it  deserves,  in  the  present 
issue. 

Annual  Report  of  the  Postmaster- General  of  the  United  States 


for  the  Fiscal  Year  Ending  fune  30,  1 890.      Washington  ;  Gov- 
ernment  Printing  Office. 

Cornell  University,  College  of  Agriculture :  Bullttin  of  the 
Agricultural  Experiment  Station,  No.  XXV,  December,  1890. 
Itliaca,  N.  Y.;  published  by  the  University. 

Proposed  Tennessee  Highway  Law.  Nashville,  Tcnn.;  the 
Nashville  Commercial  Club.  This  is  a  draft  of  a  very  excel- 
lent act  prepared  by  a  committee  of  the  Nashville  Commercial 
Club,  and  submitted  to  the  Tennessee  Legislature. 

Eighteenth  Annual  Report  of  the  Commissioner  of  Railroads, 
State  of  Michigan,  for  the  Year  1890  :  John  T.  Rich,  Commis- 
sioner.    Lansing,  Mich.;  State  Printers. 

Facts  and  Figures  about  Norfolk,  Va.  Compiled  and  issued 
by  the  Chamber  of  Commerce. 

Report  of  Committee  on  Roads  and  Draft  of  Proposed  Road 
Law.     Pittsburgh,  Pa. ;  the  Western  Society  of  Engineers. 

American  Shipbuilding  and  Lake  Transportation  :  by  Joseph 
Oldham,  C.E.,  Naval  Architect.  Cleveland,  O.  This  is  a  com- 
parison between  the  design,  construction  and  general  efficiency 
of  the  freight  steamers  used  on  the  great  lakes  and  foreign  cargo 
steamers. 

Eighth  Annual  Report  of  the  Board  of  Railroad  Commission- 
ers of  Kansas,  for  the  year  ending  December  i,  1890:  James 
Humphrey,  George  T.  Anthony,  Albert  R,  Greene,  Commissioners. 
Topeka,  Kan.;  State  Printers. 


ABOUT  BOOKS  AND  PERIODICALS. 


In  the  Popular  Science  Monthly  for  February,  Mr. 
Durfee's  articles  on  the  Developments  of  the  Iron  Indrustry  in 
America  are  continued  by  a  paper  on  Iron  Smelting  by  Modern 
Methods,  which,  like  the  previous  articles,  is  very  fully  illus- 
trated. Another  illustrated  article  is  on  Progress  in  Agricul- 
tural Science  ;  and  Mr.  Charles  Morris  has  an  interesting  paper 
on  the  Storage  of^  Cold.  The  Editor  makes  a  strong  appeal  in 
favor  of  the  International  Copyright  Bill. 

The  military  article  in  Outing  for  February  gives  a  descrip- 
tion of  the  Active  Militia  of  Canada.  The  Racing  Canoe  and 
its  development  are  discussed  by  Mr.  Vaux,  and  the  articles  on 
Photography  are  continued. 

The  third  of  Sir  Edward  Arnold's  articles  on  Japan  apftears 
in  Scribner's  Magazine  for  February.  These  articles  will 
be  concluded  in  the  March  number  of  this  Magazine,  and  in 
that  number  also  will  be  an  account  of  the  National  Geographic 
Society's  Explorations  of  Mount  St.  Elias,  made  last  summer. 
The  Practical  Means  of  Ornamenting  Ponds  and  Lakes  will  be 
discussed  by  Samuel  Parsons,  Jr.,  Superintendent  of  the  New 
York  Parks. 

The  Stevens  Indicator  for  January  includes  articles  on  Cable 
Traction  on  Elevated  Railroads,  by  Charles  W.  Thomas  ;  Ma- 
rine Governors,  by  J.  Hansen  ;  Measurement  of  High  Tem- 
perature, by  W.  A.  Ebsen  and  E.  W.  Frazar,  with  several  other 
articles  of  interest,  including  the  Use  of  Electricity  in  operating 
cranes  and  machine  tools,  and  a  note  on  the  performance  of  the 
double-screw  ferry-boat  Bergen. 

In  the  Arena  for  February,  M.  Camille  Flammarion,  one  of 
the  most  eminent  of  European  astronomers,  writes  on  New 
Discoveries  on  Mars,  the  paper  being  accompanied  by  a  full- 
page  map  of  that  star,  and  smaller  maps  showing  recent  appar- 
ent changes  on  its  surface.  Mr.  C.  Wood  Davis  discusses  the 
Farmer,  the  Investor  and  the  Railroad,  studying  the  railroad 
problem  from  a  point  of  view  which  is  rather  that  of  the  f;trmer 
than  of  the  railroad  owner  or  manager,  but  presenting  some 
facts  and  arguments  which  deserve  consideration. 
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Among  the  books  now  in  preparation  by  John  Wiley  &  Sons 
is  Constructive  Steam  Engineering,  by  Professor  Whitham, 
whose  book  on  Steam  Engine  Design  was  published  not  long  ago 
by  the  tame  firm.  The  object  of  this  book  is  to  treat  the  con- 
structive features  exhaustively,  not  discussing  design,  but  pre- 
senting the  constructive  details,  the  various  forms  of  valve  gear, 
and  the  different  types  of  engines  and  boilers  in  use. 

In  Harper's  Magazine  for  February  the  descriptive  articles 
include  one  on  Finland,  a  country  whose  geography,  history 
and  people  are  but  little  known  in  this  country,  but  present 
some  very  interesting  points.  Mr.  Child's  South  American 
articles  for  this  month  takes  in  the  Straits  of  Magellan,  includ- 
ing a  sketch  of  the  coast  from  Peru  southwest  to  the  Straits  on 
the  Atlantic  side  from  the  Straits  northward  to  Montevideo.  In 
the  Heart  of  the  Desert,  Mr.  Warner  gives  an  account  of  a  visit 
to  the  Pueblos  of  New  Mexico,  and  the  Grand  Canon  of  the 
Colorado.  Ail  these  articles,  as  well  as  a  number  of  lighter 
articles  in  the  number,  ars  profusely  illustrated. 

In  Belford's  Magazine  for  February  there  is  the  usual 
variety  of  lighter  reading,  with  some  more  solid  matter.  This 
magazine  is,  as  usual,  plain  and  outspoken  in  its  editorial  opin- 
ions, and  no  one  of  its  readers  need  be  in  doubt  as  to  where  it 
stands  on  any  question  of  current  importance. 


ENGLISH  LOCOMOTIVE  PERFORMANCE. 


To  the  Editor  of  the  Railroad  and  Engineering  Journal : 

I  NOTICE  that  you  quote  the  London  Engineer  as  stating 
that  the  maximum  coal  consumption  of  an  English  engine 
is  75  lbs.  per  square  loot  of  grate  surface  per  hour.  Tnere 
is  some  mistake  about  this  figure,  tor  loo  lbs.  is  reached 
in  daily  working  of  both  freight  and  passenger  trains. 
Taking  an  English  freight  train  running  full  speed,  say  35 
miles  per  hour,  on  a  fairly  level  road,  the  consumption  of 
coal  will  be  trorn  45  to  50  lbs.  per  mile  or  averaging  say 
1,700  lbs.  per  houWAAs  the  grate  area  in  English  engines 
is  rarely  over  18  sq.  ft.  in  passenger  express  engines,  or  17 
sq.  ft.  in  freight  engines,  this  gives  about  100  lbs.  as  a 
very  usual  performance  in  daily  work,  often  for  over  one 
hour  at  a  time. 

An  express  engine  running  over  a  similar  road  at  55  to 
58  miles  an  hour  will  burn  from  27  to  35  lbs.  per  mile,  giv- 
ing say  1,000  lbs.  per  hour,  which  is  100  lbs.  per  hour  per 
square  foot  of  a  grate  of  18  sq.  ft.  area. 

I  notice  the  Engineer  in  a  recent  issue  quotes  the  results 
of  some  experiments  made  by  me  13  years  ago  on  the 
North  British  Railway  when  1  was  Assistant  to  the  then 
Locomotive  Superintendent,  Mr.  D.  Drummond.  While 
I  took  every  care  that  the  results  should  be  accurate,  they 
cannot  be  said  to  represent  the  average  performance  of  an 
English  good  engine.  The  experiments  were  made  for 
the  special  purpose  of  testing  the  relative  economy  of 
pumps  versus  injectors,  the  water  being  heated  by  the  ex- 
haust steam  where  the  pumps  were  used.  As  the  engines 
in  other  respects  were  precisely  similar,  the  results  ob- 
tained were  fair  comparisons  between  pumps  and  injec- 
tors, but  for  the  following  reasons  did  not  represent  what 
these  and  other  English  engines  are  capable  of  in  actual 
practice. 

The  engines  were  of  a  pattern  new  on  that  line,  and  the 
firemen  were  much  puzzled  by  the  great  slope  of  the  grate 
and  the  peculiar  position  of  the  ash-pan  damper.  They 
consequently  had  difficulty  in  keeping  steam,  and  at  the 
time  the  experiments  were  made  the  blast-pipe  nozzle  was 
unduly  contracted,  thus  creating  an  increased  back  pressure 
and  somewhat  cutting  and  wasting  the  fire.  Some  months 
afterward,  when  the  men  understood  the  engines,  they  did 
far  better,  steamed  admirably,  burned  less  fuel  and  hauled 
heavier  loads. 

It  will  be  seen  that  under  these  circumstances  the  experi- 
ments hardly  represent  average  performances,  which  I  am 
satisfied  in  general  practice  give  fully  8^  lbs.  of  water  per 
pound  of  coal,  while  over  9  lbs.  is  often  attained  by  good 
firing. 

I  dare  say  it  will  be  a  matter  of  surprise  that  these  en- 


gines only  exerted  a  tractive  force  equal  to  about  one- 
seventh  or  one-eighth  of  their  adhesion  weight.  The  Scotch 
climate,  however,  is  damp  and  misty,  and  as  a  matter  of 
fact,  we  never  ascended  one  grade  of  53  ft.  per  mile  nerr 
the  border  between  England  and  Scotland  without  some 
slipping,  though  the  steeper  grades  (75  ft.)  were  often 
surmounted  without  a  slip. 

The  proportion  of  adhesion  to  tractive  power  differs 
largely  with  climate,  and  I  may  mention  that  here  I  have 
found  that  the  maximum  tractive  power  the  engine  is  ever 
capable  of  exerting  (the  average  pressure  in  cylinders  be- 
ing 85  per  cent,  of  the  boiler  pressure)  should  be  not  more 
than  one-quarter  of  the  weight  on  the  drivers.  We  have 
some  engines  in  which  it  is  3^  4^  and  they  slip  so  badly  thst 
they  are  being  altered,  the  cylinders  being  reduced  i  in. 
in  diameter.  This  slight  change  cures  the  slipping,  show- 
ing that  the  coefficient  of  adhesion  is  more  sensitive  and 
more  exact,  in  this  climate  at  any  rate,  than  many  suppose. 

I  may  add  that  the  loads  taken  represent  with  tolerable 
accuracy  the  average  loads  in  actual  practice  on  British 
lines.  They  are,  of  course,  very  light  as  compared  with 
those  in  American  practice,  but  it  is  well  known  that  this 
is  due  to  a  variety  of  causes,  the  chief  being  the  higher 
speed  at  which  freight  trains  are  run  in  order  to  meet  com 
petition  and  keep  out  of  the  way  of  the  numerous  fast  pas 
senger  trains. 

I  have  been  tempted  to  write  these  Ijnes  thinking  possibly 
that  you  may  have  founded  some  arguments  on  premises 
which  need  a  little  explanation  and  qualification. 

D.  H.  Neale, 

Mechanical  Engineer,  New  South  Wales  Railways. 


ARGENTINE  RAILROADS. 


The  total  mileage  of  railroads  in  operation  in  the 
Argentine  Republic  at  the  close  of  1890  was  5,747  miles, 
an  increase  of  732  miles  over  the  length  in  operation  at 
tne  close  of  1889.  In  addition  to  this  mileage  there  were 
at  the  close  of  year  the  1,170  miles  under  construction,  and 
so  nearly  completed  that  they  will  probably  be  in  operation 
during  the  present  year.  These  railroads  represent  a 
capital  of  $260,000,000  gold  value.  About  320  miles  of 
road  belong  to  the  National  Government  and  170  miles  to 
different  provincial  Governments  ;  the  National  Govern- 
ment, moreover,  guarantees  the  interest  on  the  bonds  and 
stock  of  Pacific,  the  Argentine  Great  Western,  the  Eastern 
and  the  Central  Northern  Companies.  The  increase  in 
mileage  for  several  years  past  has  been  very  rapid,  and 
railroads  have  been  pushed  out  in  all  directions,  the  most 
important  line  perhaps  being  the  Pacific  road,  the  exten- 
sion of  which  is  now  under  construction  over  the  Andes  to 
connect  with  the  Chilian  system. 

At  the  close  of  1890  there  were  in  use  on  these  railroads 
436  locomotives,  280  baggage  and  500  passenger  cars,  and 
10,525  freight  cars.  There  was  a  considerable  increase 
in  equipment  in  the  course  of  the  year,  most  of  it  being 
imported  from  Europe,  but  in  comparison  with  the  length 
of  road  the  rolling  stock  does  not  indicate  a  heavy  traffic. 

The  roads  at  present  are  not  by  any  means  in  a  satisfac- 
tory condition,  owing  to  the  general  business  and  financial 
collapse  which  recently  occurred.  In  some  parts  of  the 
Republic  business  is  almost  at  a  standstill,  and  the  con- 
dition of  the  currency  is  so  unsatisfactory  that  it  is  difficult 
for  many  of  the  companies  to  say  what  their  returns  really 
are.  It  is  also  true  that  in  some  directions  the  railroads 
have  been  built  ahead  of  business,  and  while  the  growth 
of  the  country  has  been  great  and  settlement  rapid,  it  has 
not  been  sufficiently  so  to  supply  business  for  all  the  new 
lines.  Moreover,  some  of  the  provinces  have  suffered 
from  drought  and  l(yust,  so  that  the  crops  have  been  very 
light,  and  the  railroad  outlook  for  the  current  year  is  not 
by  any  means  a  good  one^.  If  the  financial  affairs  of  the 
Government  and  of  the  several  provinces  can  be  arranged, 
there  is  little  doubt  that  in  course  of  time  the  growth  of 
the  countT]^  and  the  solid  elements  of  prosperity  which  it 
contains  will  bring  about  a  better  condition  of  affairs,  but 
for  the  present  it  must  be  considered  that  new  railroad 
building  is  at  an  end,  and  little  or  nothing  will  be  done  in 
that  direction  for  two  or  three  years  to  come. 


VqJ,  LXV,  No.  3] 


ENGINEERING    JOURNAL. 


105 


THH  CRUEIZE  VIADUCT. 


The  accompanying  illustrations,  from  Le  Genie  Civil, 
show  the  viaduct  which  carries  the  Marvejois-Nessargues 
I^ranch  of  the  Midland  Railroad  of  France  over  the  deep 
valley  or  ravine  of   the    little   river  Crueize— a  valley  so 


(32.8  ft.)  below  the  surface  ;  the  average  depth  is  6.5  m. 

(21.3  ft.). 

The  construction  of  the  road-bed  is  shown  in  figs.  2,  3 
and  4.  The  ballast  rests  on  broken  stone  filling,  above 
the  masonry. 

The  viaduct  contains  in  all  894,645  cu.  ft.  of  masonry, 
not  including  the  foundations.     Its  total  cost  was  $247,680, 


THE  CRUEIZE   VIADUCT. 


deep,  rocky  and 'deserted  that  it  is  locally  known  as  the 
Valley  of  Hell. 

The  viaduct  consists  of  six  equal  arches  of  masonry  and 
is  218.8  meters  (717.7  ft.)  long  ;  the  height  at  the  center, 
al)ove  the  river  bed,  is  63.3  m.  (207.6  ft.).  It  carries  two 
tracks,  which  are  at  that  point  on  a  grade  of  2,75  per 
cent.,  or  145.2  it.  to  the  mile.  •   :      • 

The  arches  are  25  m.  (82  ft.)  span;  in  order  that  the 
springing  of  the  two  adjacent  arches  may  be  on  a  level,  the 
radius  of  the  lower  half  of  each  arch  is  12.915  m.  (42.4  ft.) 
and  of  the  other  half  12,085  m.  (39.6  ft.).  In  the  accom- 
panying illustrations  the  first  is  a  general  view  of  the 
l)ridge  ;  fig.  2  is  a  longitudinal  section  through  two  of  the 
arches  ;  fig.  3  is  a  half  cross-section  through  a  pier,  and 
fig.  4  a  half  cross-section  through  the  center  of  an  arch. 

The  foundations  presented  no  difficulty,  as  the  rock  is 
everywhere  near  the  surface.  The  piers  are  of  the  but- 
tressed form  shown  by  the  engraving.     They  are  all  11.55 


including  clearing  and  foundation  work.     It  is  certainly  a 
very  symmetrical  and  handsome  work  in  appearance. 


RAILROADS  IN  SIAM. 
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The  fact  that  the  Government  of  Siam  has  advertised 
for  proposals  to  build  a  railroad,  and  that  some  effort  has 
been  made  to  get  bids  from  American  contractors,  will 
give  interest  to  the  following  notes  from  our  correspondent 
in  Siam  : 

The  line  for  which  bids  are  asked  is  to  run  from  Bangkok 
northward  to  Ayuthia,  and  thence  northwest  to  Korat,  a 
distance  of  about  167  miles.  For  about  47  miles  the  road 
runs  through  the  low  alluvial  plains  of  the  Menam,  where 
embankment  will  be  necessary  to  keep  it  above  flood  level ; 
then  for  yj  miles  over  level  plain  country.     The  next  sec- 
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JiV/.K  ^^    d  ^^treme  length,  by  5.20  m.  (16  i  ft.)  extreme 
t .  n  ^^  springing  of  the  arch  ;  their  size  at  the  founda- 

fpr^/^""  according  to  the  height.  The  batter  of  the 
the  fir^l^"^'^*^  ^^^*^  5  m.  (16.4  ft.)  of  the  height,  making 
been  ^H  y-  P'^""  Practically  a  curve.  This  system  has 
The  r.  °^^^  '"  ^  r.umber  of  the  larger  French  viaducts. 
The  hi  K^  corresponds  to  the  total  pressure  on  the  pier, 
to  thl  c  •  ^  ?'^''  '^  "^5  m.  (147.6  ft.)  from  the  foundation 
it  wa^  ^P'"'"J'ng  of  the  arch.  The  greatest  depth  to  which 
^^  lound  necessary  to  carry  the  foundations  was  10  m. 


tion  of  27  miles  includes  the  ascent  from  this  plain  to  a 
high  table-land,  nearly  1,000  It.  above  sea  level  ;  the  sum- 
mit, as  located,  is  1,292  ft.  above  sea  level.  The  remain- 
ing 56  miles  to  Korat  is  over  nearly  level  table-land. 
The  gauge  of  the  road  is  to  be  4  ft.  8^  in.  Bids,  which 
are  to  be  sent  to  K.  Bethge,  Director-General  of  Railroads 
at  Bangkok,  may  be  for  a  section  or  the  whole  line.  The 
time  allowed  is  from  four  to  five  years  ;  the  Government 
will  furnish  rails  and  equipment.  The  bridges  will  be  of 
wood  and  the  rails  56  lbs.  to  the  yard.     The  approximate 
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estimates  show  about  4,860,000  cub.  yds.  earthwork  ; 
260,000  cub.  yds.  rock-cutting  ;  6,600  cub.  yds.  retaining 
walls,  and  66,000  cub.  yds.  bridge  masonry. 

The  accompanying  sketch  map  will  give  some  idea  of 
the  line.  The  Menam  is  the  great  river  of  Siam  and  is 
navigable  for  large  vessels.  The  Pra-sak  is  navigable  for 
small  rice-boats  to  Saraburi  ;  the  Muck-lek  and  the  Lamba 
are  in  no  sense  navigable.  The  Lamba  is  a  tributary 
of  the  Mekong,  the  great  river  of  Cambodia.  On  the  map 
at  the  point  ^  is  a  secondary  summit,  and  at  B  is  the  main 
summit ;  the  rock-cutting  and  heavy  jungle  are  between 
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the  points  marked  Cand  D.  The  maximum  grade  is  1.5 
per  cent.,  to  be  equated  for  curvature;  15  curves  are 
allowed. 

The  features  which  differentiate  this  work  from  ordinary 
railroad  construction  are  : 

1.  Transport  of  machinery,  tools,  etc.,  8.000  miles  ;  this 
is  by  sea,  as  large  vessels  can  land  at  Bangkok. 

2.  Extreme  unhealthiness  of  the  country,  especially  the 
district  known  as  the  "  Fire  God's  Jungle,"  where  all  the 
heavy  rock-work  is. 

3.  Scarcity  of  labor,  which  is  increased  by  superstition, 
by  occasional  interference  of  petty  officials,  and  by  the  fact 
that  the  natives  can  get  along  with  scarcely  any  money, 
and  consequently  do  not  feel  the  necessity  of  earning 
wages. 

4.  The  surprising  density  of  the  jungle  and  the  entire 
absence  of  roads  for  wheeled  vehicles. 

That  work  can  be  carried  on  in  Siam  is  already  proved, 
this  Korat  line  having  been  surveyed  and  located  at  a  cost 
of  not  much  over  $200  per  mile,  including  preliminary 
work  and  office  expenses. 

Labor  costs  about  a  half-tical — say  25  cents — per  day. 
The  country  people  are  generally  honest,  and  when  well 
treated  and  forced  to  take  care  of  themselves,  become 
quite  satisfactory,  at  least  so  far  as  their  intentions  go. 
Working  hours  are  generally  from  6  a.m.  to  2  or  3  p.m., 
with  a  half-hour  interval.  I  have,  however;  habitually 
worked  men  longer  than  that  without  difficulty.  Much 
risk  would  attend  the  importation  of  labor,  owing  to 
malarial  fevers  ;  possibly  some  Madrasee  or  Bengalee  peo- 
ple might  be  proof  against  these,  but  the  only  strangers 
I  have  ever  found  able  to  stand  the  jungle  air  and  water 
are  Pegus  and  Tongsoos  from  Burmah.  These  men  cost 
me  about  I15  per  month  each. 

The  Siamese  Government  has  the  character  of  paying 
surely,  though  somewhat  slowly.  The  proposed  railroad 
is  a  much  greater  financial  flight  than  anything  they  have 
so  far  undertaken. 

As  to  other  enterprises,  the  Borapah  Railroad  Company 
is  still  asking  for  stock  subscriptions,  but  without  much 


success,  as  no  railroad  is  likely  to  succeed  in  Siam  except 
as  a  Government  line  or  by  foreign  capital.  The  proposed 
line  is  from  Bangkok  east  to  the  Bangpakhong  River  ;  it 
will  run  through  an  agricultural  district,  where  the  traffic 
is  now  served  by  canals  of  small  dimensions,  the  boats 
being  able  to  carry  10  or  12  tons  only.  The  chief  product 
of  the  country  is  rice. 


THE  DEVELOPMENT  OF  THE  COMPOUND  SYS 
TEM  IN  LOCOMOTIVES. 


By  M.  a.  Mallet. 


(Paper  read  before  the  Societe  des  Ingenieurs  Civils,  Paris  ;  translattd 
from  the  French  by  Frederick  Hobart.) 


(Continutd /r«tH page  73.) 


STARTING    APPARATUS. 

The  locomotives  of  the  Bayonne-Biarritz  Railroad  have 
a  starting  valve  placed  on  the  left  side  of  the  smoke-box, 
the  opening  of  which,  determined  by  the  action  of  the  engine 
man  on  a  screw  or  lever,  permits  the  engine  to  work  with 
direct  admission  to  the  small  cylinder  only,  and  exhaust 
from  that  to  the  large  cylinder,  or  with  direct  admission 
to  and  exhaust  from  both  cylinders  ;  in  the  latter  case  the 
pressure  on  the  piston  in  the  large  cylinder  is  reduced,  in  re- 
lation to  the  boiler  pressure,  either  by  throttling  the  steam 
or  by  an  automatic  reducing  valve.  This  works  very  well, 
but  two  objections  can  be  made  to  it,  one  that  it  is  some 
what  large  and  cumbrous  in  the  heavy  engines  to  which 
the  compound  principle  is  now  applied  ;  the  other,  that  it 
requires  considerable  force  to  work  it. 

The  form,  but  not  the  principle,  of  this  valve  was  modi- 
fied on  some  engines  on  the  Southwest  Russian  Railroad, 
where  M.  de  Borodine  used  a  cylindrical  valve  or  piston 
valve.  The  second  objection  was  met  by  working  the 
valve  by  a  small  steam  cylinder,  to  start  which  requires 
only  the  turning  of  a  small  valve  by  the  engineer. 

In  1 884 1  presented  a  much  more  compact  arrangement, 
which  can  be  worked  by  the  engine-driver,  and  without 
the  exertion  of  any  considerable  force  ;  this  is  shown  in 
figs.  5  and  6.  and  consists  of  a  chest  or  valve-box  placed 
on  the  left  side  of  the  smoke-box.  To  this  valve-chest  are 
attached  the  exhaust-pipe  of  the  high-pressure  cylinder; 
the  pipe  leading  to  the  low-pressure  cylinder  and  forming 
an  intermediate  receiver,  and  the  exhaust  pipe  leading 
from  the  small  cylinder  to  the  smoke-slack.  In  the  valve- 
chest  is  a  large  valve  which  can  close  the  passage  from  the 
small  cylinder  to  the  receiver  when  moved  into  the  right 
position.  On  the  same  valve-rod  is  fixed  a  small  valve 
balanced  by  a  piston,  and  serving  to  open  or  to  close  the 
communication  between  the  smaller  cylinder  and  the  ex- 
haust, according  to  the  position  of  the  large  valve. 

This  position  is  determined  by  the  pressure  existing  in 
the  intermediate  reservoir. 

If  by  the  use  of  an  auxiliary  throttle  valve  placed  on  one 
side  of  the  smoke-box,  steam  is  admitted  directly  from  the 
boiler  into  the  reservoir  at  a  pressure  reduced  either  by  a 
special  valve  or  by  throttling,  this  pressure  closes  the  large 
valve  and  opens  the  exhaust  valve,  and  the  engine  will 
then  work  as  an  ordinary  engine.  If  we  close  the  admis- 
sion of  live  steam  to  the  reservoir,  the  pressure  will  de- 
crease and  will  cause  a  difference,  which,  combined  with 
the  pressure  exercised  upon  the  interior  face  of  the  large 
valve  by  the  exhaust  steam  from  the  small  cylinder,  will 
open  this  large  valve  and  close  the  small  one,  so  that  the 
working  will  be  changed  to  that  of  a  compound  locomotive. 

The  change  is  determined  by  the  working  of  what  we 
have  called  the  auxiliary  regulator,  which  requires  only 
the  movement  of  a  small  lever  by  the  engineer  with  a  very 
slight  exertion.  In  order  to  prevent  a  possible  movement 
of  the  valves  which  would  cause  a  loss  of  steam  by  direct 
exhaust  to  the  chimney,  and  to  make  at  the  same  time  the 
change  from  simple  10  compound  working  more  quickly, 
the  auxiliarv  regulator  is  arranged  in  the  manner  shown 
in  fig.  7.  The  valve  a  opens  or  closes,  according  to  its  po- 
sition, the  passage  admitting  live  steam  to  the  intermediate 
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this  valve  has  a 


reservoir.  The  nut  securing  tnis  valve  has  a  passage  n 
opening  outside,  or  in  another  position  of  the  nut  com- 
municating with  steam  from  the  boiler.  The  tube  m  is 
carried  back  to  the  valve-box  at  a  point  in  front  of  the 
balanced  piston,  as  shown  in  fig.  6. 

Ft  follows  from  this  arrangement  that  if,  the  apparatus 
being  in  the  position  shown  in  fig.  6,  the  valve  is  moved 
into  the  position  shown  in  fig.  7,  steam  enters  the  inter- 


By  this  arrangement,  the  change  from  simple  to  com- 
pound working  is  made  by  the  engineer,  but  it  can,  if  de- 
sired, be  made  automatic.  It  is  possible,  at  least  in  cer- 
tain engines,  to  make  the  throttle  valve  in  fig.  7  work  by 
an  arrangement  similar  to  a  speed  regulator,  in  such  a  way 
that  compound  working  would  be  immediately  produced 
as  soon  as  the  speed  of  the  engine  passed  a  fixed  mini- 
mum, and  that,  on  the  other  hand,  the  engines  when  stop- 
ped would  be  always  ready  to  start,  with  direct  admission 
to  both  cylinders.     This  arrangement  is  applicable  to  tram- 


mediate  reservoir  and  tends  to  close  the  large  valve,  while 
the  space  in  front  of  the  balanced  piston  being  put  in 
communication  with  the  outside  through  the  pipe  tn,  the 
opening  in  the  valve  and  the  hole  n,  there  is  no  resistance 
upon  this  piston.  If,  on  the  other  hand,  the  engine  is 
working  directly,  and  the  admission  of  live  steam  to  the 
reservoir  is  then  closed,  there  will  be  in  front  of  the  bal- 
anced piston  a  pressure  of  steam  coming  from  the  boiler 
which  secures  the  opening  of  the  large   valve   and    the 


'=m' 


change  to  compound  working.  Moreover,  as  has  been  said 
above,  this  pressure  prevents  any  movement  of  the  valves 
While  the  engine  is  running. 

This  arrangement  has  worked  in  a  very   satisfactory 

"fay.     It  was  applied   on  a  number  of  large  engines  in 

ranee,  in  Switzerland  and  in  Austria,  and  it  was  used  on 

ne  six-wheel  compound  locomotive  of  the  Frcnph  State 

Kaiiroads  exhibited  at  Paris  in  1889. 


way  locomotives  and  to  certain  others  which  have  to  start 
with  a  full  opening,  such  as  yard  engines. 

The  valve-chest  which  has  been  described  carries  on  the 
side  which  is  in  communication  with  the  intermediate  res- 
ervoir a  safety  valve  set  at  a  certain  point,  the  object  of 
which  is  especially  to  prevent  the  consequence  of  the  clos- 
ing of  the  large  valve  by  counterpressure  while  running. 
Instead  of  having  the  two  valves  upon  the  same  rod,  they 
can  be  arranged  side  by  side  with  the  rods  joined  by  a 
lever,  and  this  plan  has  been  adopted  in  Russia. 

In  his  first  machines,  M.  Von  Borries,  to  avoid  alto- 
gether direct  working  even  in  starting,  and  seeking  an  ex- 


cessive simplification,  used  a  regulator  shown  in  fig.  8.  In 
this  a  small  passage  a  b  leads  the  live  steam  to  an  interme- 
diate reservoir.  The  drawing  represents  the  apparatus  at 
the  moment  of  starting,  when  the  steam  reaches  at  the 
same  time  both  cylinders,  the  small  one  by  the  passage  d 
and  the  large  one  by  the  passage  a.  If  the  throttle  valve 
is  opened  further  by  raising  it,  the  opening  a  is  closed, 
while  the  passage  of  steam  to  the  small  cylinder  is  opened 
wider.  In  the  lowest  position  of  the  valve,  all  the  openings 
are  closed. 
If  this  apparatus  showed  itself  sufficient  for  the  small 
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locomotives  for  general  service  on  which  it  was  first  ap- 
plied, it  is  not  the  same  for  larger  engines,  and  after  sev- 
eral triSls  M.  Von  Borries  adopted  an  arrangement  which 
allowed  him  to  start  with  full  boiler  pressure  on  the  small 
piston  instead  of  having  only  the  difference  between  that 
pressure  and  the  pressure  in  the  intermediate  reservoir. 
This  arrangement  consisted  in  the  interposition  at  a  point 
in  the  reservoir  of  a  valve  which  prevents  pressure  of 
steam  in  the  reservoir  from  reacting  on  the  small  piston. 
This  arrangement  is  very  much  the  same  as  my  own,  de- 
scribed above,  and  is,  moreover,  later,  if  we  can  judge  by 
the  dates  of  patents. 

Fig.  9  represents  an  intercepting  valve  which  permits 
the  engines  to  act  like  mine  in  starting.  In  starting  the 
engineer  moves  the  rod  which  carries  the  valve  Kand 
brings  that  valve  down  upon  its  seat.  Steam  from  the 
boiler  is  then  introduced  into  the  reservoir  by  the  small 
pipe  c  ;  it  acts  upon  the  large  piston,  and  cannot  react 
upon  the  small  o)ie.  When  the  machine  starts  the  exhaust 
from  the  smaU-trylinder  causes  the  valve  F  to  open  as  soon 
as  the  pressure  behind  it  becomes  greater  than  that  in  the 
reservoir  ;  the  admission  of  steam  by  the  pipe  c  is  then 
stopped.  It  will  be  seen  that  the  time  necessary  for  this 
pressure  to  open  the  valve  depends  upon  the  volume  of  the 
part  of  the  intermediate  reservoir  in  front  of  the  valve,  and 
it  is  placed  as  far  as  possible  from  the  small  cylinder. 
Nevertheless,  as  this  reservoir  can  never  be  very  large,  the 
opening  of  the  valve  is  produced  at  the  end  of  one  or  two 
revolutions,  which  only  permits  working  at  full  pressure 
during  a  very  short  time,  while  my  own  arrangement,  as 
described  above,  permits  the  engineer  to  continue  this 
period  as  long  as  he  wished  ;  until,  for  example,  full  speed 
is  reached.  Moreover,  under  certain  circumstances,  the 
reservoir  would  be  filled  and  would  render  the  starting 
more  difficult,  which  would  not  happen  with  an  arrange- 
ment not  automatic. 

M.  Polonceau  has  described  some  modifications  of  this 
arrangement  where  a  hinged  valve  replaces  the  intercept- 
ing valve.  This  is  the  system  employed  by  M.  Worsdell. 
Later,  M.  Lapage,  I  believe,  changed  the  arrangement  by 
doing  away  entirely  with  the  lever,  and  it  is  the  pressure 
of  steam  itself  which  closes  the  large  valve  and  permits 
steam  from  the  boiler  to  enter  the  intermediate  reservoir 
until  the  pressure  of  the  exhaust  steam  from  the  small  cyl- 
inder becomes  sufficient  to  open  the  large  valve.  This  is 
called  by  M.  Polonceau  the  "  Von  Borries  valve."  Mr. 
Urquhart  uses  on  his  passenger  engines  a  system  working 
like  mine,  but  much  more  complicated  ;  it  requires  the 
working  of  several  levers  to  close  some  valves  and  open 
others. 

The  arrangement  used  on  the  compound  locomotive 
from  the  Winthur  Works,  which  was  at  the  Exposition  in 
1889,  is  that  of  Von  Borries,  or  rather  of  Lapage,  with  the 
addition  of  a  small  piston  to  aid  in  the  pressure  on  the 
upper  part  of  the  intercepting  valve  and  to  keep^closed  the 
valve  admitting  live  steam.  The  result  is  that^in  running 
with  a  low  pressure,  as  in  descending  a  g^ra^e,  the  valve 
will  oscillate  and  permit  steam  to  enter.  To  prevent  this 
M.  Von  Borries  has  added  in  his  later  engines  a  stop  which 
is  worked  from  the  engineer's  cab  by  a  rod.  In  my  own 
arrangement  the  balanced  piston  does  this  work  without 
any  other  complication. 

The  Von  Borries  valve  has  been  for  a  long  time  the  only 
one  in  use  in  Germany,  while  the  Henschel  and  the  Schi- 
chau  valves  have  been  used  in  only  exceptional  cases.  Re- 
cently, however,  M.  Lindner,  Engineer  of  the  Saxon  State 
Railroad,  in  order  to  avoid  the  difficulties  which  the  use 
of  a  retaining  valve  presented,  returned  to  the  plan  of  a 
valve  simply  admitting  steam  from  the  boiler  by  an  open- 
ing in  the  intermediate  reservoir  at  the  moment  of  start- 
ing ;  but  in  order  to  prevent  the  necessity  of  a  separate 
movement  by  the  engineer,  this  is  arranged  in  a  peculiar 
fashion.  The  valve  has  two  passages  placed  at  right 
angles  in  such  a  way  that  the  passage  is  opened  at  the  ex- 
treme positions  and  closed  in  any  intermediate  position. 
This  valve  is  worked  by  a  lever  which  is  joined  to  the  re- 
versing lever  or  the  reach-rod.  The  valve  is  opened  when 
the  reversing  lever  is  at  an  extreme  position  corresponding 
to  an  admission  of  80  per  cent.,  and  is  closed  when  the 
lever  is  thrown  back  to  the  position  corresponding  to  about 


72  per  cent,  admission.  Fig.  10  shows  this  arrangement, 
which  is  employed  on  some  of  the  machines  on  the  Saxon 
State  Railroads.  It  may  be  curious  to  note  here  that  this 
idea  of  admitting  steam  directly  from  the  boiler  into  the 
large  cylinders  of  the  compound  locomotive  in  starting,  by 


the  extreme  positions  of  the  reversing  lever,  is  clearly  in- 
dicated in  an  English  patent — that  of  Dawes,  No.  1,857  of 
the  year  1872— that  is  to  say,  at  a  time  before  the  first  ap- 
plications of  the  principle  of  double  expansion  to  locomo- 
tives. 

To  avoid  reaction  of  the  steam  thus  introduced  in  the 
intermediate  reservoir  upon  the  small  piston  and  to  provide 
for  the  absence  of  a  retaining  valve,  Herr  Lindner  makes 
in  the  slide-valve  two  small  holes  of  about  i  sq.  cm.  in 
section,  as  is  shown  in  fig.  11.  In  starting,  steam  from 
the  intermediate  reservoir  can  thus  reach  the  two  faces  of 
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the  small  piston  when  it  is  not  in  position  to  be  acted  upon 
by  the  steam  from  the  boiler,  and  which  is  thus  put  in 
equilibrium.  These  openings  are  so  small  that  they  have 
no  effect  when  the  engine  is  running.  In  some  engines, 
instead  of  the  valve  above  described.  Herr  Lindner  has 
used  an  arrangement  opening  an  auxiliary  passage  to  the 
intermediate  reservoir,  which  is  similar  to  the  first  ar- 
rangement adopted  by  Von  Borries.  As  to  this  apparatus, 
the  questions  in  discussion  are,  whether  its  efficiency  is  as 
great  as  that  of  the  automatic  retaining  valve,  and  whether 
the  necessity  of  throwing  the  reversing  lever  forward  to 
its  full  extent  is  not  more  troublesome  than  the  working 
of  a  small  lever.  Krauss,  at  Munich,  has  modified  this 
apparatus,  replacing  the  passages  in  the  valve  by  the  ad- 
dition between  the  valve  and  the  intermediate  reservoir  of 
a  small  valve,  or  rather  of  a  flat  plate  which  receives  its 
motion  from  the  cross-head  of  the  small  cylinder.  When 
the  piston  is  about  at  the  middle  of  its  stroke — that  is,  in 
position  to  start— this  plate  closes  the  passage  of  steam 
from  the  boiler  to  the  intermediate  reservoir  and  prevents 
any  counterpressure  behind  the  small  piston  ;  if,  on  the 
other  hand,  it  is  at  the  end  of  the  stroke,  the  large  piston 
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is  in  eood  position,  and  the  plate,  opening  the  passages  at 
the  end  of  its  course,  allows  steam  from  the  boiler  to  enter 
the  intermediate  reservoir  and  consequently  the  large  cyl- 
inder. This  ingenious  arrangement  produces  the  same 
effect  as  an  intercepting  valve,  but  it  is  complicated,  and 
requires  the  use  of  parts  continually  in  motion. 

The  arrangements  of  the  throttle  valve  in  fact  can  be 
multiplied  indefinitely,  as  each  builder  and  each  master 
mechanic  has  his  own. 

To  resume  the  main  question  :  On  one  side  we  have 
automatic  apparatus  permitting  the  starting  without  special 
working  by  the  engineer,  but  reducing  to  an  exceedingly 
short  period  the  direct  action  of  the  steam  ;  and,  on  the 
other,  non-automatic  apparatus  allowing  the  direct  work- 
in"^  to  be  continued  until  the  locomotive  acquires  its  full 
speed,  and  giving  besides  a  certain  security  against  ac- 
cidents always  possible  in  running,  as  experience  has 
shown.  The  advocates  of  the  first  claim  that  in  the  sec- 
ond there  is  a  certain  complication  and  the  necessity  of  a 
special  motion  by  the  engineer,  and  moreover  there  is  the 
possibility  that  the  engineer  may  waste  steam  by  continu- 
in"^  direct  working  longer  than  is  necessary.  On  the  other 
hand,  it  is  said  that  automatic  apparatus,  apparently  sim- 
ple, become  more  and  more  complicated  by  the  additions 
made  to  them  in  order  to  give  them  the  necessary  security, 
so  that  in  the  end  they  become  much  more  complicated 
and  give  the  engineer  much  more  trouble  than  the  neces- 
sity of  making  a  simple  movement  of  the  lever,  and  that 
moreover  they  really  deprive  the  engine  of  one  of  its  most 
essential  qualities.  As  to  the  fear  of  wasting  steam,  Mr. 
Urquhart  says.  "  As  to  the  possibility  of  a  waste  of  steam 
by  improper  use  of  the  starting  valves,  we  are  guaranteed 
against  that  by  the  premiums  paid  to  engineers,  which 
lead  them  to  look  to  their  own  interests  and  not  to  use  this 
valve  more  than  is  necessary."  On  the  Southwest  Rus- 
sian Line,  where  no  automatic  apparatus  is  used,  no  trouble 
has,  ever  been  found  in  this  way.  It  may  be  noted  here 
that,  although  the  economy  obtained  on  these  Russian 
lines  is  very  considerable,  it  is  not  as  great  as  it  might  be 
were  they  permitted  to  employ  higher  pressures. 

REVERSING  APPARATUS. 

When  the  ratio  between  the  volumes  of  the  cylinders  of 
a  compound  locomotive  is  comparatively  low— that  is,  i  :  2 
or  near  that — it  is  necessary  to  give  the  two  cylinders  differ- 
ent admissions.  The  reasons  are  so  well  known  that  it  is 
hardly  necessary  to  repeat  them  here. 

The  first  three  locomotives  on  the  Biarritz  Railroad  had 
a  very  high  ratio— i  :  2.78— so  that  this  question  was  not 
considered.  On  the  following  two,  which  had  a  much 
smaller  ratio,  a  system  was  used  permitting  us  to  vary  the 
cut-off  separately  on  each  cylinder,  while  leaving  the  two 
distributions  joined  to  one  reversing  lever.  This  apparatus 
was  also  employed  on  the  test  engine  of  M.  De  Borodine 
and  on  several  others,  and  also  on  Engine  701  of  the 
Northern  Railroad.  The  arrangement  was  modified  by 
M.  De  Borodine  on  several  engines  in  a  very  neat  way  by 
the  use  of  a  hollow  screw  inside  of  the  large  screw  used  for 

fig.  15*. 
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Tn/    K^  u^  reversing  lever,  the  screw  containing  a  second 
cvlln^  1°'^"'*"'^^'^^^^  admission  of  steam  to  the  small 

cond.-tf.^*      *  '^  certain  that  the  ability  to  give,  under  all 
cvlinHl?     °*  working,  the  proper  admissions  to  the  two 
ytinaers,  permits  us  to  secure  not  only  the  most  econom- 


ical results,  but  also  the  maximum    power  in  compound 
working. 

It  is  not  less  certain,  however,  that  if  the  engineers  do 
not  follow  to  the  letter  the  instructions  which  are  given 
them  and  do  not  use  exactly  the  proper  cut-off,  they  will 
get  a  bad  result.  This  objection  was  presented  against 
my  apparatus  by  M.  Von  Borries  with  some  reason  ;  he 
employed  on  his  first  small  engines  a  similar  arrange- 
ment, but  has  since  used  a  system  varying  the  admission 
of  steam  to  the  cylinders  automatically.  This  consists  in 
giving  a  different  angle  to  the  levers  from  which  the  links 
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are  suspended,  as  shown  in  fig.  12,  or  a  different  length  to 
the  link  hangers.  I^will  be  seen  that  when  the  lever  L  is 
moved  toward  the  right  from  the  position  shown  in  full 
lines  to  that  shown  in  dotted  lines,  the  lever  2  will  move 
its  link  less  quickly  than  the  lever  i. 

In  forward  motion  the  cut-off  obtained  for  the  two 
cylinders  is  as  follows  : 

Admission,  per  cent,  of  stroke. 

High-pressure  cylinder 0.75  0.40  o.ao 

Low-pressure  cylinder    0.75  0.50  0.33 

The  backward  movement,  however,  is  completely  sacri- 
ficed. Sometimes  this  is  not  important,  but  this  is  not 
always  the  case,  and  it  may  be  a  very  serious  objection. 
I  have  obviated  this  by  a  differential  arrangement,  the 
principle  of  which  is  explained  in  figs.  14  and  15. 

A  shaft  O  carries  a  lever  A,  forming  a  link,  the  axis  of 
which  is  at  the  extremity  of  a  lever  B,  which  is  keyed  upon 
the  shaft  0.  If  the  system  is  moved  between  the  extreme 
points  represented  in  fig.  15  it  will  be  seen  that  the  angu- 
lar displacements  of  the  lever  A  are  less  rapid  than  those 
of  the  lever  B.  If  then  o  is  the  reversing  shaft  and  the 
link  of  the  small  cylinder  is  suspended  from  the  lever  B, 
and  that  of  the  large  cylinder  from  the  lever  A,  we  would 
have  a  longer  admission  to  the  large  cylinder  than  to  the 
small,  as  in  the  Von  Borries  arrangement ;  but  the  points 
will  be  the  same  for  both  and  the  proportion  of  the  admis- 
sions the  same  whether  working  backward  or  forward. 
Generally  the  arrangement  has  been  to  place  the  hanger 
of  the  link  for  the  large  cylinder  on  the  main  shaft  and  to 
connect  it  with  the  auxiliary  shaft  by  a  system  of  levers,  as 
shown  in  fig.  13.  The  link  of  the  large  cylinder  is  then 
suspended  from  a  lever  loose  upon  the  reversing  shaft  and 
worked  by  a  differential  movement.  This  arrangement, 
which  is  shown  in  fig.  13,  was  first  applied  to  Engine  102 
of  the  Swiss  Western  Railroad  and  succeeded  perfectly. 
It  is  also  used  in  Austria  and  on  the  compound  engine  of 
the  French  State  Railroads  which  was  at  the  Exposition  of 
1889.  It  was  recently  applied  by  Herschel  &  Sons,  at 
Cassel,  to  compound  engines  built  for  the  Prussian  State 
Railroad. 

To  appreciate  the  better  result  from  this  arrangement 
over  that  by  suspension  from   levers  placed  at  different 
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angles,  the  following  table  is  reproduced  from  a  German 
paper,  giving  the  relative  admissions  to  the  two  cylinders 
in  the  two  cases  and  in  both  directions.  The  distribution 
was  made  by  a  straight  link  and  an  Allan  valve. 


First  Suspension. 

Improved  Suspension. 

Forward  Motion. 

Backward  Motion. 

Forward  Motion. 

Backward  Motion. 

H.  P. 
Cylinder- 

L.  P. 
Cylinder 

H.  P. 
Cylinder. 

L.  P. 
Cylinder. 

H.  P. 

Cylinder. 

L.  P. 
Cylinder. 

H.  P. 

Cylinder. 

L.  P, 
Cylinder. 

0.80 
0.70 
0.60 
0.50 
0.43 
0.31 
0.20 

0.83 
0.74 
0.65 

0-59 
0.51 

0  43 
0.32 

0.80 
0.70 
0.60 
0.50 
0.40 
0.31 
0.30 

0.78 
0.67 
0.5S 
0.43 
0.33 

0.3t 
O.I3 

0.80 
0.70 
0.60 
0.50 
0.40 
0.30 
0.30  , 

0.80 
0.70 
0.66 
0.58 
0.50 
0.40 
0.34 

0.80 
0.70 
0.60 
0.50 
'■  0.40 
0.30 
o.ao 

0.80 

0.75 
0.68 
0.60 
0.50 

0.34 
o.t7 

In  certain  machines  the  lap  and  lead  are  made  less  in 
the  valve  of  the  large  cylinder,  so  that  the  admission  of 
steam  continues  longer  for  this  cylinder  than  for  the  small 
one,  and  it  is  thus  necessary  to  give  more  motion  to  the 
eccentrics.  This  is,  however,  a  solution  less  satisfactory, 
in  view  of  the  proper  utilization  of  the  steam. 

When  the  ratio  of  the  volume  of  the  two  cylinders  can 
be  made  i  :  2.25  or  over,  the  distribution  can  be  made  the 
same  for  both  cylinders,  and  this  is  doubtless  the  simplest 
and  best  solution.  Unfortunately  it  cannot  always  be 
adopted,  because  there  is  sometimes  a  limit  to  the  diameter 
which  can  be  given  to  the  large  cylinder. 

What  we  have  just  said  does  not  agree  with  the  con- 
clusions reached  by  M.  de  Borodine,  who  thinks  that  it  is 
impossible  to  find  permanent  combinations  for  the  two  cyl- 
inders which  shall  be  available  at  all  speeds  and  at  all 
pressures.  I  do  not  indeed  think  anything  of  the  kind,  but 
that  we  ought  to  seek  at  the  same  time  to  avoid  too  great 
an  inequality  of  work  in  the  two  cylinders  and  too  great  a 
fall  of  pressure  between  them,  and  any  arrangement  which 
will  secure  this  double  condition  within  practical  limits 
and  automatically  should  be  preferred  to  a  disposition 
which  is  more  perfect  in  theory,  but  leaves  more  to  the 
action  of  the  engineer. 

The  only  detail  which  we  have  still  to  consider  is  the 
intermediate  reservoir.  This  is  generally  formed  by  the 
steam-pipe  connecting  the  two  Cylinders,  which  is  placed 
in  the  smoke-box  and  curved  so  as  to  follow  its  upper  sur- 
face. This  is  the  arrangement  which  was  first  employed 
in  the  Biarritz  engines,  and  which  has  been  everywhere 
copied.  An  exception  is  found  in  some  of  Von  Borries' 
passenger  engines,  where  the  cylinders  being  placed  con- 
siderably back  of  the  smoke-box,  were  joined  by  a  cylin- 
drical reservoir  under  the  boiler.  In  certain  recent  Ger- 
man engines  also  the  connecting  steam-pipe  passes  outside 
of  the  smoke-box.  Finally,  in  the  Saxon  State  Railroad 
engines,  or  at  least  in  some  of  them,  the  steam-pipe  form- 
ing the  intermediate  reservoir  passes  for  a  certain  distance 
through  the  steam  space  of  the  boiler. 

The  heating  of  the  intermediate  reservoir  is  certainly  use- 
ful, especially  when  it  can  be  secured  without  cost  by  using 
the  gases  in  the  smoke-box,  and  not  by  taking  it  from  the 
steam  of  the  boiler,  but  it  is  not  necessary  to  try  to  obtain 
this  heating  by  long  circuits,  complicated  and  requiring 
numerous  joints,  because  in  that  case  more  is  lost  by  the 
resistance  to  the  passage  of  the  steam  than  is  gained  by 
heating  it.  This  is  confirmed  by  marine  practice,  where 
intermediate  heating  has  been  completely  given  up  and 
engineers  try  to  make  the  steam  passages  from  one  cylin- 
der to  another  as  short  as  possible.  The  best  solution  for 
locomotives  is  simply  to  cross  the  smoke-box  when  the 
position  of  the  cylinders  permits  it,  which  is  generally  the 
case. 

OBJECTIONS  TO  THE  TWO-CYLINDER  TYPE. 

Before  quitting  the  subject  of  compound  locomotives  of 
the  two-cylinder  type,  it  seems  best  to  examine  briefly  two 
objections  made  especially  to  this  type.  I  have  said  in 
1877  that  the  only  limit  to  its  use  was  in  the  dimensions 


which  it  was  possible  to  give  the  large  cylinder.  This 
limit  was  found  much  more  distant  than  I  thought  at  that 
time.  We  have  been  able  to  build  compound  engines  of 
two  cylinders  of  all  the  existing  types  having  from  one  to 


four  pairs  of  driving-wheels.  The  large  cylinders  of  25 
or  26  in.,  for  heavy  engines  with  six  drivers  coupled,  cor- 
respond to  cylinders  of  17  or  18  in.  of  ordinary  engines, 
with  a  ratio  of  i  :  2.08.     Large  cylinders  of  26  to  28  in.. 


rig20.^^    ^ 


giving  ratios  of  about  i  :  2,  are  employed  OR  eight-whcel 

coupled  engines  having  ordinary  cylinders  of  18  to  20  in.; 
engines  which  have  been  built  in  considerable  numbers 
for  the  Russian  Railroads  with  a  weight  of  45  to  50  tons. 


Fi(|29. 


Mr.  Worsdell  has  been  able  to  use  between  the  frames  an 
inside  cylinder  of  20  in.  and  one  of  28  in.  by  inclining  the 
axis  of  one  cylinder  in  one  direction  and  of  the  other  cyl- 
inder in  another,  reducing,  it  is  true,  the  ratio  of  volume 
to  I  :  1.96. 
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There  was  recently  built  in  the  United  States  by  the 
Schenectady  Locomotive  Works  a  compound  engine  of 
which  fig.  29  gives  a  cross- section,  and  of  which  the  low- 
pressure  cylmder  has  the  large  diameter  of  29  in.  Wc  give 
here  the  principal  dimensions  of  this  engine,  which  has 
given  most  excellent  results,  and  which  seems  to  be  a  start- 
ing-point for  the  extended  application  of  the  principle  of 


drivers,  97,000  lbs.;  total  weight,  in  working  order,  126,- 
800  lbs.  This  engine  has  six  driving-wheels  and  a  four- 
wheel  truck. 

This  machine  is  provided  with  an  automatic  starting 
valve  invented  by  Mr.  Pitkin,  placed  at  A.  The  same 
shops  are  now  building  several  consolidation  engines  with 
the  same  arrangement  and  the  same  size  of  cylinders. 
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Fig  3  5 


double  expansion  in  America  :  Grate  surface.  28.5  sq. 
It.;  heating  surface  (fire-box,  137;  tubes,  1,540),  1,677 
sq.ft.;  working  pressure,  180  lbs.;  high-pressure  cylinder, 
20  X  24  in.;  low-pressure  cylinder,  29  x  24  in.;  ratio  of 
volumes,   i  :2.i  ;   diameter  of  drivers,  68  in.  ;  weight  on 


Generally  the  size  of  the  cylinders  is  limited  more  by 
the  position  of  the  frames  than  any  other  cause,  and  there- 
fore it  is  usually  more  easy  to  increase  it  in  new  engines 
than  in  old  engines  which  have  been  changed. 

Many  ways  have  been  considered  of  giving  the  large 
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•  cylinder  sufficient  size,  not  only  to  obtain  the  necessary 
power,  but  also  to  realize  a  ratio  of  volumes  which  will 
permit  us,  on  the  one  hand,  to  simplify  the  distribution  and, 
on  the  other,  to  utilize  properly  the  higher  pressures  which 
the  present  tendency  is  to  employ  on  railroads.  I  have 
suggested  several  years  ago  the  plan,  shown  in  figs.  19 
and  20,  of  doubling  the  large  cylinder  and  replacing  it  by 
two  so  placed  as  to  work  from  a  signal  vaive.  This  is  the 
arrangement  recently  brought  forward  by  LSpage  as  new. 
Another  plan  made  by  me  in  1879,  and  shown  in  tigs.  16, 
17  and  18,  is  that  ot  placing  the  cylinders  one  before  the 
other  or  in  tandem,  which  presents  the  double  advantage  of 
permitting  the  use  of  considerable  diameters,  and  by  ap- 
plying all  the  power  in  the  axis  of  the  machine,  of  freeing 
the  engine  from  transverse  vibrations,  even  at  very  high 
speeds.  Another  arrangement  which  I  have  planned  is 
shown  in  figs.  27  and  28,  where  the  large  cylinder  is  con- 
nected directly  to  the  axle  and  the  small  cylinder,  by  a  long 
crosshead  and  exterior  connecting  rods,  works  upon  crank- 
pins  placed  in  the  wheels  at  an  angle  of  90''  to  the  central 
crank.  The  parallel  rods  or  coupling  rods  are  connected 
to  crank-pins  placed  45°  from  the  main  crank-pin,  one  in 
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one  direction  and  the  other  in  the  other,  so  that  they  are 
at  right  angles,  according  to  the  ordinary  practice.  In  this 
plan,  tigs.  27  and  28,  the  cylinders  were  21^  in.  and  31I  in. 
in  diameter,  giving  a  ratio  of  i  :  2.25.  The  stroke  was  24 
in.,  and  the  driving-wheels  7  ft.  in  diameter.  The  engines 
would  weigh  about  50  tons  in  service,  30  tons  being  on 
the  driving-wheels,  and  the  boiler  pressure  would  be 
160  lbs. 

Another  arrangement,  which  was  studied  out  bjr  my 
colleague,  M.  Bronner,  is  represented  in  figs.  32,  ^^,  34,  35 
and  36.  Here  the  cylinders  are  at  the  same  time  in  the 
longitudinal  axis  of  the  engine  and  in  its  center — that  is,  at 
the  point  most  favorable  for  stability.  The  engine  works 
directly  on  one  axle,  and  on  the  other  by  means  of  a  long 
crosshead  and  connecting-rods,  while  the  two  axles  are 
coupled  by  outside  rods  in  such  a  way  as  to  keep  the  relative 
position  of  the  cranks  at  90''.  The  dimensions  and  weight 
would  be  about  the  same  as  for  the  type  just  mentioned. 
As  the  strain  upon  the  coupling-rods  would  be  very  slight, 
except  in  starting,  there  would  be  no  objection  to  giving 
them  a  considerable  length. 

The  objection  based  upon  the  want  of  symmetry  of  the 
two-cylinder  engine  has  disappeared  by  experience.  It 
really  never  had  much  weight,  and  originated  probably  in  a 
remark  made  by  Mr.  Webb,  which  was  repeated  by  others, 
who  did  not  understand  its  real  purport. 

(to  be  continued.) 


The  announcement  that  a  special  gun  is  under  con 
St  ruction  at  the  Washington  Ordnance  Yard  tor  the  pur- 
pose of  using  shells  charged  with  emmensite  sufficiently 
indicates  the  hopes  that  are  entertained  by  the  Navy  Ord- 
nance Bureau  of  this  new  high  explosive.  The  system  of 
armor  for  our  ships  is  now  practically  settled  ;  so  is  that 
of  our  heavy  guns  ;  while  even  the  question  of  projectiles 
is  also  tar  advanced  toward  solution.  The  factor  in  the 
aggregate  problem  which  hitherto  has  not  kept  progress 
with  the  rest  is  that  of  powders,  and  thus  far  we  have 
adopted  no  equivalents  for  the  nitrate  compounds  now  ex- 
tensively employed  in  Europe  both  in  small  arms  and  in 
artillery,  and  for  the  high  explosives  coming  into  use  there, 
as  the  bursting  charges  of  shells.  Possibly  one  reason  for 
the  comparative  slowness  of  advance  in  the  latter  direction 
may  have  been  the  hopes  entertained  of  the  pneumatic  gun 
for  naval  purposes.     The  success  of  this  weapon,  with  its 

short  range  but  enormous  charges, 
as  mounted  in  land  forts,  is  already 
assured,  but  as  to  its  naval  uses 
Secretary  Tracy  in  his  recent  re- 
ports says  that  the  Vestiviiis  "  is 
still  an  experiment,  the  trial  of  her 
dynamite  guns  and  the  tactical  test 
of  the  ship  having  been  delayed  by 
the  want  of  projectiles,  which  the 
company  has  thus  far  been  unable 
to  supply."  In  these  circumstances, 
and  with  the  progress  made  else- 
where in  using  shells  filled  with 
high  explosives  in  ordinary  powder 
guns,  capable  of  horizontal  firing, 
which  have  a  great  advantage  not 
only  m  range,  but  in  not  being  built 
into  the  ship,  like  the  pneumatic 
tubes,  attention  has  again  been  di- 
rected to  securing  some  such  ma- 
terial for  our  own  Navy. 

Of   the   foreign   high    explosives 
thus  far  employed   the  one  which 
has  probably  attracted  most  atten- 
tion is  melinite,  used  by  the  French. 
In  the6-in.  gun  the  projectile  weighs 
121  lbs.,    and  contains  a  burstmg 
charge  of  this  high  explosive  weigh- 
ing about  23  lbs.     Such  a  shell  used 
in  an  ordinary  gun   must   be   ex- 
ceedingly  effective.     Its   safety  in 
manufacture    and    use    appears    to   be    almost   unques- 
tioned, only  one  accident  having  occurred  in  its  employ- 
ment  during  a  period  of  several  years,  while  any  dan- 
ger is  diminished  by  filling  the  larger  part  of  the  shell 
with  a  substance  called  cresilite.     In  England  there  have 
been  numerous  experiments  with  a  somewhat  similar  high 
explosive  known  as  lyddite,  and  a  shell  is  credited  with 
having  penetrated  a  5-in.  steel  plate  before  the  charge  ex- 
ploded.    In  both  these  high  explosives  picric  acid  is  a  chief 
constituent,  so  that  the  former  objection  that  this  sub- 
stance would  explode  immediately  upon  concussion  must 
have  been  partly  obviated,  since  some  degree  of  penetra- 
tion can  be  effected   before  the  bursting.     Austria's  high 
explosive,  adopted  in  her  army,  is  ecrasite,  a  composition 
of  blasting  gelatine  with  some  other  ingredient.     A  shell 
filled  with  it  has  been  fired  through  6  in,  of  armor  plate 
and  exploded   on  the  other  side,  and  while  nearly  a  half 
more  powerful  than  dynamite,  it  appears  to  be  safe  to 
handle. 

Such  examples,  making  full  allowance  for  erroneous  in- 
formation, due  to  the  secrecy  with  which  experiments  are 
invested,  produce  the  conviction  that  the  use  of  high  ex- 
plosives as  the  bursting  charges  of  projectiles  fired  from 
ordinary  guns  is  likely  to  be  a  feature  of  warfare  in  the 
near  future.  Emmensite,  with  which  our  Navy  authorities 
are  experimenting,  is  described  by  them  as  being  composed 
1  of  equal  parts  of  nitrated  carbolic  acid,  nitrate  of  soda, 
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and  nitrate  of  ammonia.  That  it  is  far  more  powerful 
than  gunpowder  has  been  demonstrated.  Like  ecrasite  it 
can  be  used  in  small-arm  cartridges  as  well  as  in  heavy 
shells,  and  when  classed  among  the  nearly  smokeless  pow- 
ders is  called  gelbite,  which  is  in  the  form  of  a  thick  yellow 
paper  treated  with  emmensite.  Its  propulsive  force  is  said 
to  be  as  14  to  5  compared  with  ordinary  powder.  The 
testimony  as  to  its  safety  under  concussion  is  decided, 
large  cartridges  of  it  having  been  hit  by  shots  from  a  rifle 
without  exploding,  while  it  has  also  been  fired  through  a 
2-in.  board  and  no  explosion  resulted. 

Of  course  the  real  possibilities  of  this  high  explosive  can 
only  be  known  after  its  final  tests  by  the  Ordnance  Bureau 
with  the  new  gun,  which  is  to  be  shorter  than  the  service 
piece  of  the.same  caliber,  and  more  like  a  long  rifled  mor- 
tar. And  while  these  experiments  are  going  on  in  the 
Navy,  the  Army,  through  the  Board  on  Magazine  Small 
Arms,  will  be  testing  the  Belgian  Wetteren  powder. 
Other  high  explosives  and  smokeless  powders  may  enter 
into  competition  with  these,  and  the  coming  year  will  see 
experiments  with  powders  and  magazine  guns  forming  an 
interesting  sequel  to  those  of  the  present  year  with  armor 
and  projectiles. 


A  NOTE  FOR  SURVEYORS. 


By  Seth  Pratt,  C.E. 


There  is  given  below  a  new  method  of  finding  the 
azimuth  of  Polaris. 

Most  land  surveyors  lack  the  facilities  for  obtaining  a 
meridian  by  the  method  of  double  altitudes  of  the  sun  or  a 
star,  and  during  portions  of  the  year  are  una- 
ble to  obtain   the  azimuth  of  Polaris  by  its 
elongations. 

This  new  method  of  finding  the  azimuth  at 
the  instant  that  Polaris  and  any  one  of  the 
bright  circumpolar  stars  are  in  a  perpendicu- 
lar plane  may  be  used  when  other  methods 
are  inconvenient  or  impossible.  It  consists  in 
ranging  out  their  direction  at  the  time  of  their 
perpendicularity  or  when  they  are  behind  a 
plumb  line,  suspended  with  a  weight.  The 
data  for  this  purpose  being  the  star's  polar  dis- 
tances and  right  ascensions,  the  date  and  the 
latitude  of  the  place. 

Let  A  B  P  represent  a  spherical  triangle  re- 
volving about  the  celestial  pole  of  the  earth,  P 
the  pole,  A  the  place  of  Polaris,  and  B  that  of  another 
star,  and  let  the  side  A  Bhe  supposed  to  be  in  a  perpen- 
dicular plane,  passing  through  the  place  of  an  observer  in 
a  given  latitude. 

The  polar  distances  give  the  sides  A  Pa.nd  B  P,  and  the 
difference  of  the  right  ascensions  reduced  to  arc  gives  the 
angle  A  P  B. 

Subtract  the  right  ascension  of  Polaris  from  that  of  the 
other  star,  borrowing  24  hours  if  necessary. 

If  the  result  be  |  g^^ater  [  *^^"  ^-  ^°""'  ^^^  ^^-  '^  ]  W 
The  angle  A  P  Bis  either  the  difference  of  the  right  as- 
censions reduced  to  arc,  or  the  supplement  of  360°,  always 
to  be  taken  out  less  than  180°. 

To  find  the  angles  A  and  B  we  have,  by  the  first  and 
second  of  Napier's  Analogies, 

cos.  \{a  ^  b)  :  cos.  \  {a  —  b)  ::  cot.  \  P :  tan.  \{A  -V  B). 
sm.  \{a  +  b)  :  sin.  \  {a  —  b)  ::  cot.  \  P :  tan.  i  {A  —  B). 

Then  will 
and  ^(.A  +  B)  -^  \{A  -  B)  =  angle  A, 

^  {A  +  B)  -  i(A  -  B)  =  angle  B. 

Draw  P  D  perpendicular  to  A  B  =  b' .  Then,  by  Na- 
pier s  rules  for  the  circular  parts,  we  have. 


sin.  b'  =  sin.  A.  sin. 
R 


sm.  a,  sin, 
R 


B 


.  and  cos.  lat.  :  R 


sm.  b  :  sin.  azimuth  ;  or,  reducing  these  two  proportions 


to  an  eauation,  sin.  azimuth  = 


sva.  A,s\\\..b      sin.a,  sin.  ^ 


cos.  lat.  COS.  lat. 

(check). 

Example  :  Required  the  azimuth  of  Polaris  and  Gam- 
ma, February  i,  1891,  in  lat.  N.  40°  42'.  5. 

Gamma,  R.  A.  =    o''  50*"    6.»62  P.  dist.=  29°  52'.o46  =  a. 
Polaris,    /?.  A.  —    i**  iS"  54.'5i  P.  D.  —    1°  16'. 337  =  b. 

23*'  31'"  I2.»ii  sin.  a  —  9.697225 

/'^supplementof  24'"  =  28™  47. "89       sin.  b  =  8.346427 

\  P  \v\.  arc  =  3°  35.98625     cot.   =  11. 201276. 
Lat.  N,  40°  42. 5  cos.     =    9.879692. 

H.  +  *)  =  .r34.o.9J-;z^;,1iJ^ 

COS.  \  {a  -^  b)  a,  c.      .016266 

cos.  \  {a  —  b) 9986336 

cot.  \P II. 201276 

tan.  i  (^A  +  B)  =    11T203878 

86'  25'.3 
sin.  \  (a-\-b)  a.c.^    .$71274. 

sin.i  (a—b)..,.    9.392419  sin../4=9.ii5i82  sin.^i =9.697225 

cot.  i  P 11.201276  sin.  (^=8.346427  sin.jff=7.766i2o 

tan.^  {A—B)=  11. 164969  17.461609  17.463345 

86°  5'. 237  cos.lat.  9.879692 9.879692 

sum  =z  A  =  172°  3o'.537  sin.y45'y^58i9i7(check)  ^583653 
sup.  7°  29'.463  sin.     =  9.115182  .,42r.=:i3'9'W. 

diff.    =  B  =      0°  2o'.o63  sin.     =  7.766120. 


THE  GOVERNMENT  SURVEYS  FOR  THE  GREAT 
SIBERIAN  RAILROAD. 


By  a.  Zdziarski,  Engineer. 


{,C0ncludtd  froiH  ^ag*  59.) 
v.— THE  SOUTH  OUSSOURI   RAILROAD. 

While  the  building  of  this  road  is  for  the  present  post- 
poned, in  1887  it  was  considered  a  very  important  line,  and 
the  surveys  were  made  in  the  years  1887  and  1888. 

The  South  Oussouri  Railroad,  the  Pacific  link  of  the 
Great  Siberian  Railroad,  is  intended  to  connect  the  Amour 
watershed  with  the  Pacific,  or  more  explicitly,  the  Ous- 
souri, a  tributary  of  the  Amour,  with  the  port  of  Vladivos- 
tok. The  terminal  point  on  the  Oussouri  was  to  be  either 
Grafskaia  or  Bousse,  since  below  those  points  there  is  no 
obstacle  to  navigation. 

Surveys  were  made  in  two  directions.  One  followed  the 
western  slope  of  the  peninsula,  traversing  the  valleys  of 
the  Otinovka  and  Lefou  rivers,  crossed  the  Oussouri  and 
followed  its  valley  to  Grafskaia.  The  other  passed  through 
the  middle  of  the  peninsula,  crossing  the  central  divide, 
then  followed  the  valley  of  the  Dombikhe  River,  crossing 
the  Ofissouri  and    ending  at  Bousse. 

The  first  of  these  lines — Vladivostok  to  Grafskaia — is  the 
better  line  for  traffic,  more  easy  to  build,  and  estimated 
cheaper  by  13,000,000  roubles.  It  will,  therefore,  require 
a  more  complete  description. 

The  whole  length  of  the  main  line  from  the  station 
Mouraviev-Amourski,  near  Vladivostok,  to  the  station 
Grafskaia  is  256  miles,  to  which  must  be  added  the  branches 
or  extensions  to  the  harbor  of  Vladivostok  and  the  port  or 
landing  on  the  Oussouri,  making  261  miles  in  all. 

The  main  line  of  256  miles  is  considered  a  level  section, 
and  will  have  maximum  grades  of  0.8  per  cent.,  and  a 
minimum  radius  of  curvature  of  1,050  ft.  The  port  ex- 
tension or  branch  at  Vladivostok  will  have  grades  of  2  per 
cent,  and  curves  of  700  ft.  radius. 

The  greatest  distance  between  water  stations  was  fixed 
at  18  miles,  in  order  to  permit  the  running  of  seven  trains 
daily  each  way,  but  the  estimated  supply  of  rolling  stock 
is  for  three  daily  trains  only. 
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The  average  quantity  of  earthwork  will  be  38,000  cub. 
yds.  per  mile,  of  which  about  three-quarters  is  in  embank- 
ment and  one-quarter  in  cutting.  On  the  port  branch  the 
earthwork  will  be  about  100,000  cub.  yds.  per  mile.  There 
will  be  required  retaining  walls  at  several  points,  some  of 
dry  masonry  and  some  in  mortar  masonry. 

Two  tunnels  will  be  required,  one  665  ft.  long,  on  the 
13th  mile,  the  other  1,090  ft.  long,  on  the  32d  mile. 

There  will  be  a  few  arch  culverts  and  a  number  of  small 
bridges  of  7  ft,  span,  of  wood.  The  rest  will  be  of  iron 
and  will  be  as  follows  :  66  bridges  of  spans  from  14  to  56 
ft.;  I  deck  bridge,  70  ft.  span  ;  4  through  bridges,  70  ft. 
span  :  I  through  bridge,  84  ft.  span  ;  3  of  105  ft.;  i  of  140 
ft.;  3  of  175  ft.;  3  of  210  ft.;  finally  one  bridge,  over  the 
Oussouri  River,  with  7  spans  of  252  ft.  each. 


tanks  will  be  placed  at  20  points,  11  regular  stations  and 
9  sidmgs.  The  supply  is  everywhere  abundant,  from  riv- 
ers, ponds  and  springs.  The  tanks  will  be  of  2,744  cub. 
ft.  capacity  and  the  general  arrangements  the  same  as  on 
the  other  lines. 

The  station  yards  will  be  paved  and  fenced  and  the  sta- 
tions fully  supplied  with  signals,  switches,  etc.  There 
will  be  five  Sellers  turn-tables  of  55  ft.  diameter,  seven 
smaller  turn-tables,  three  weigh-bridges  and  60  switch- 
houses. 

The  supply  of  rolling  stock,  for  three  daily  trains,  will 
be  29  six-wheeled,  32-ton  locomotives  ;  20  eight-wheeled, 
42-ton  locomotives,  making  49  locomotives  in  all  ;  47  pas- 
senger cars  and  372  freight  cars.  Sufficient  repair  shops 
will  be  provided. 
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THE   SOUTH    OUSSOURI    SECTION    OF   THE   GREAT   SIBERIAN    RAILROAD. 


The  total  amount  of  masonry  required  will  be  about 
105,000  cub.  yds.,  while  for  the  superstructure  5, 000  tons 
of  iron  will  be  needed. 

The  length  of  sidings  will  be  11  per  cent,  of  the  length 
of  main  line. 

The  rails  will  be  of  somewhat  light  type,  54  lbs.  Rus- 
sian (49  lbs.  English)  to  the  yard.  There  will  be  2,400 
ties  to  the  mile  and  2,300  cub.  yds.  of  ballast.  Ballast 
is  very  scarce  along  the  line. 

The  road  buildings  will  be  all  of  wood  ;  they  will  in- 
clude 36  section-houses,  21  double  and  96  single  watch- 
men's houses; 

There  will  be  12  stations  :  one  first-class  (terminal)  ;  two 
second-class  ;  one  third-class  and  eight  fourth-class  ;  be- 
sides these  there  will  be  nine  sidings  with  water  tanks. 

There  will  be  four  engine-houses  with  30  stalls.     Water 


The  cost  of  the  line,  261  miles,  is  estimated  at  24,000,- 
000  roubles,  or  92,000  roubles  per  mile. 

The  second  line  explored,  from  Vladivostok  to  Bousse, 
through  the  center  of  the  peninsula  and  by  the  valley  of 
the  Dombikhe.  is  much  more  expensive  and  difficult.  On 
the  first  30  miles  it  requires  17  tunnels  of  from  350  ft.  to 
10,000  ft.  in  length,  and  many  viaducts,  some  as  high  as 
250  ft.  ;  its  estimated  cost  is  37,000,000  roubles.  More- 
over, it  will  have  grades  of  2  per  cent.,  and  curves  of  1,050 
ft.  radius. 

The  Oussouri  country  has  a  moderate  climate,  generally 
a  fertile  soil  ;  the  rivers  are  abundant,  the  forests  are  full 
of  large  trees,  and  there  are  valuable  mineral  deposits  ;  so 
that  the  country  is  capable  of  great  development  and  has 
a  promising  future.  At  present  the  population  is  small, 
and  labor  difficult  to  secure  ;  for  this  reason  the  estimated 
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cost  of  the  railroad  is  much  higher  than  for  a  similar  line 
in  European  Russia. 

VI, — GENERAL   SUMMARY. 

The  total  distance  from  the  present  railroad  terminus,  at 
Tumen  on  the  Toura.  in  Western  Siberia,  to  the  port  ot 
Vladivostok,  on  the  Pacific,  by  the  line  adopted,  will  be  as 

M^ovf^'  ;.,VV.  Miles. 
Tumen  te  Tomsk,  by  steamboat  on  the  Toura,  Tobol,  Irtfsh  and 

Obi  rivers ^'87° 

Tomsk  to  Sretensk,  railroad I189S 

Sretensk  to  Grafskaia,  steamboat  on  the  Shilka,  Amour  and 

Oussouri  rivers »>590 

Grafskaia  to  Vladivostok,  railroad '**7*">  '*' 

Total 5,6'6 

The  line  will  at  first  be  made  up  of  2,1 56  miles  of  railroad 
and  3,460  miles  of  river  navigation  ;  but,  as  before  stated, 
there  is  little  doubt  that  the  distance  from  Tumen  to  Tomsk 
will  be  filled  by  a  railroad  line  starting  either  from  Tumen 
or  Chelabinsk.  This  will  considerably  shorten  the  distance, 
and  will  leave  only  the  1,590  miles  of  steamboat  navigation 
on  the  Amour,  which  is  very  much  better  and  less  inter- 
rupted by  winter  than  on  the  Obi  and  its  tributaries. 

That  the  railroad  will  be  of  great  service  to  the  Govern- 
ment, and  will  assist  very  much  in  developing  the  country 


center,  and  one  is  shown  in  the  drawing  ;  this  seems 
hardly  necessary,  but  if  desired  it  can  be  put  in,  as  shown, 
at  small  cost,  and  will  certainly  give  additional  bearing. 

Two  rivets  are  shown  in  the  drawing  at  each  end,  but 
probably  one  would  be  enough,  or  a  bolt  may  be  used  in- 
stead, as  noted  above.  The  tie  would  give  plenty  of  bear- 
ing in  the  ballast  and  a  broad  surface  for  the  rail.  Prob- 
ably the  most  convenient  length  would  be  7ft.  6  in.;  that 
is.  a  30-ft.  old  rail  would  cut  into  four  pieces,  making  two 

ties. 

. ^ 

OUR  NAVY  IN  TIME  OF  PEACE. 


By  Lieutenant  Henry  H.  Barroll,  U.  S.  N. 


{Contintud  from  fag*  67.) 
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THE  war  college  AND  TORPEDO  STATION. 

The  Naval  War  College  and  the  Torpedo  School  are 
located  at  Newport,  R.  I.  They  were  formerly  two  sepa- 
ratee institutions,  but  in  1889  were  combined  under  one  man- 
agement. The  Station  is  under  the  direction  of  the  Bureau 
of  Ordnance. 

These  may  be  considered  as  post-graduate  courses  for 
those  who  have  completed  the  term  ot  study  at  the  Naval 
Academy,  although  in  some  cases  years  elapse  before  the 
Academy  graduate  has   the   advantage  of    these    latter 
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[A   TIE   OF   OLD    RAILS. 


there  can  be  no  doubt.     As  the  longest  continuous  line  in 
the  world,  it  merits  the  attention  of  engineers  everywhere. 


A  NEW  STEEL  TIE. 


The  accompanying  illustration  shows  a  form  of  tie  pro- 
posed by  a  correspondent,  Mr.  E.  A.  Cannon,  of  Minne- 
apolis. Fig.  I  is  a  half  Elevation  ;  fig.  2  a  half  cross-sec- 
tion; fig.  3  a  plan,  the  rail  being  shown  in  place  on  one 
side,  but  removed  on  the  other  ;  fig  4  an  end  view.  The 
advantages  are  named  below.  The  sketch  is  given  as  a 
contribution  to  the  solution  of  the  tie  question. 

This  plan  is  devised  with  the  idea  of  utilizing  material 
which  all  railroads  have  in  plenty— old,  worn-out  rails. 
The  description,  with  the  illustration,  will,  it  is  believed, 
make  the  idea  perfectly  plain. 

Material  used  to  be  old  rails  cut  the  required  length,  and 
(our  bolts,  or  two  bolts  and  four  rivets  ;  more  bolts  can  be 
used,  if  deemed  necessary.  Two  pieces  of  rail  are  used 
for  each  tie,  with  the  castings  between  them  fastened  to- 
gether with  screw-bolts  or  rivets.  When  in  position  the 
rail  will  be  bottom  side  up.  giving  a  broader  bearing  sur- 
lace,  and  because  the  heads  of  old  rails  are  usually  very  un- 
even. The  outside  casting  on  each  side  is  intended  to  be 
stationary,  fastened  with  bolts  or  rivets  passing  through 
It  and  the  pieces  of  rail.  The  inside  casting  on  each  side 
IS  movable,  so  that  the  rail  can  be  put  in  place  easily.  It 
IS  then  drawn  up  and  held  in  place  by  a  screw-bolt,  as 
shown  ;  or  a  key  can  be  used,  if  it  is  preferred  or  consid- 
ered necessary. 

Another  casting  or  packing  piece  may  be  needed  in  the 


courses.  The  War  College,  as  its  name  implies,  is  for  the 
purpose  of  imparting  a  closer  knowledge  of  the  art  of 
warfare. 

The  painter  or  sculptor  requires  not  only  long  practice 
before  accurately  posed  models,  but  also  close  study  of  the 
finest  works  of  other  celebrated  artists,  before  being  able 
himself  to  picture  the  dew  upon  a  rose  leaf  or  to  chisel 
from  cold  marble  the  life-like  features  of  a  Greek  slave. 

The  art  of  warfare,  likewise,  requires  that  nothing  be 
neglected,  no  pathway  be  left  unexplored  which  may 
bring  to  light  the  best  qualities  of  officers  and  seamen. 
All  other  sciences  have  in  late  years  developed  them- 
selves into  numerous  specialties,  to  meet  the  requirements 
of  the  greater  minuteness  to  which  each  branch  of  that, 
profession  has  attained  ;  and  in  like  manner,  among  those 
who  have  made  it  a  close  study,  naval  warfare  produces 
specialists  in  each  of  its  several  lines  of  duty. 

Among  the  specialties  to  which  modern  warfare  has 
given  birth,  and  the  details  of  which  cannot  be  mastered 
by  each  individual  officer,  may  be  mentioned  : 

1.  The  more  perfect  designing  of  vessels,  with  finer 
lines,  greater  speed,  a  more  complete  angle  of  fire,  a  more 
compact  arrangement  of  internal  compartments,  engines, 
coal-space,  magazines,  etc..  whereby  the  greatest  benefit 
is  obtained  from  the  allowed  displacement. 

2.  Electrical  engineering— invention,  manufacture  and 
use  of  torpedoes  ;  the  use  of  electricity  for  lighting  ships  ; 
for  guiding  and  exploding  torpedoes  ;  for  search  lights,  to 
guard  against  torpedoes  ;  for  finding  the  range  of  the 
enemy  ;  for  signalling  ;  for  working  and  firing  machine 
guns. 

3.  Attack  by  ramming  or  by  torpedoes,  and  defense 
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against  the  same  :  tactical  diameter  of  vessels  and  the 
maneuvering  under  different  conditions,  cither  to  crush  a 
hostile  vessel  or  to  avoid  her  deadly  prow  ;  the  rigging 
of  torpedo  gear,  wire  nettings,  booms,  etc.,  to  protect  a 
vessel,  and  the  various  methods  of  destroying  such  protec- 
tion of  the  enemy. 

4.  Invention  and  manufacture  of  high-powered  steel, 
rifled  cannon  ;  rapid-fire  guns  ;  top-defense,  or  the  defense 
by  machine  guns,  mounted  in  steel-clad  tops,  supported  upon 
military  masts,  against  a  possible  attack  of  the  vessel  by 
torpedo  boats  ;  the  manufacture  of  the  highest  grades  of 
Steel  ;  inclined  and  vertical  armor,  and  steel-faced  projec- 
tiles for  piercing  the  same,  etc. 

5.  A  higher  system  of  navigation  than  that  employed  in 
former  times  ;  a  more  complete  mastery  of  the  magnetic 
compass,  to  compensate  for  the  greater  masses  of  metal 
used  in  the  construction  of  modern  vessels  and  guns  ;  the 
determination  of  geographical  positions  by  the  use  of  the 
chronograph,  and  the  electric  cable. 

6.  A  better  organization  for  littoral  expeditions  ;  a  more 
efficient  landing  organization,  better  armed  and  equipped, 
having  a  more  complete  knowledge  of  light-artillery 
practice  ashore  and  the  various  forms  of  resistance  there 
to  be  met. 

These  are  some  of  the  changes  which  have  in  late  years 
been  wrought  in  naval  warfare,  and  with  them  comes  a 
discontinuance  of  many  of  the  former  methods  practised 
by  our  naval  heroes  in  times  past. 

It  is  now  no  longer  politic  for  a  commanding  officer,  by 
the  exercise  of  his  own  personal  magnetism,  to  endeavor, 
as  formerly,  to  arouse  the  enthusiasm  of  an  entire  crew. 
In  any  service,  in  any  age  there  will  always  be  found  men 
who,  like  Caesar,  Napoleon,  Nelson,  Paul  Jones  and  De- 
catur, are  able  to  draw,  even  to  certain  death,  masses  of 
people  who  are  affected  by  this  powerful  magnetic  force  ; 
but  the  willingness  to  thus  be  drawn  arises  from  a  supreme 
confidence  in  the  ability  of  the  person  so  urging  them  for- 
ward— a  belief  that  their  leader  fully  knows  the  ground 
over  which  he  orders  this  advance. 

The  object  of  naval  training  should  rather  be  the  sup- 
pression of  this  too  ardent  spirit,  by  introducing  a  more 
cool  and  mechanical  one,  which  compels  the  officer  or  sea- 
man to  execute  orders  in  an  intelligent  way,  while  yet  re- 
membering that  he  is  only  a  small  part  of  the  great  war 
machine,  whose  total  power  is.  at  all  times,  only  properly 
known  and  correctly  handled  in  the  conning-tower. 

In  doing  this,  care  must  also  be  taken  not  to  destroy  the 
individuality  of  thought  of  the  different  persons,  and  thus 
train  up  a  class  of  automatons.  Men  have  been  endowed 
by  nature  with  powers  of  reason,  and  these  must  not  be 
obliterated,  but  improved  and  intensified  by  education. 

Officers  and  seamen  should  not  only  be  allowed,  but  ex- 
pected to  reason  ;  and  a  commander,  no  matter  how  small 
his  command,  be  required  to  realize  the  responsibility 
placed  upon  him,  even  in  the  execution  of  an  order.  No 
manifestly  erroneous  or  impossible  order  should  be  at- 
tempted. The  fatal  mistake  made  by  Lord  Cardigan,  when 
at  Balaklava  he  ordered  the  Charge  of  the  Light  Brigade, 
has  been  severely  criticised  by  military  men,  and  the  exe- 
cution of  orders  so  manifestly  erroneous  would  now  pos- 
siblv  be  attended  with  court-martial  and  dismissal. 

While  allowed  to  exercise  his  powers  of  reason,  each  in- 
dividual need  not  necessarily  be  allowed  to  criticise  or 
refuse  to  obey  the  rightful  orders  of  a  superior.  He  should 
be  as  oblivious  as  possible  to  all  that  surrounds  him,  ex- 
cept to  those  things  which  concern  the  execution  of  his 
immediate  duty  ;  to  these  he  should  be  keenly  alive,  and 
should  be  ready  to  take  the  utmost  advantage  of  every  nat- 
ural or  mechanical  means  at  his  command  to  further  its 
execution.  To  do  this  he  should  be  as  calm  and  collected 
as  possible.  Everything  with  him  should  be  a  matter  of 
fact,  which  had  long  ago  been  reasoned  out — not  in  the 
minds  of  others,  but  in  his  own  mind. 

There  is  a  naval  story  to  the  effect  that  an  ancient  officer, 
finding  fault  with  one  of  his  juniors,  remarked  in  thunder 
tones  : 

••  Why  did  you  do  that,  sir  ?" 

"  I  thought — "  began  the  trembling'unfortunate. 
"  *•  Blank-it-to-blank,  sir!     Vou  thoui^ht !     What  busi- 
ness have  you  to  think  !    Jam  put  here  to  think  for  you .'" 


But  in  later  years  allot  this  has  been  changed,  and  com- 
manding officers  now  avail  themselves  of  the  brains  as 
well  as  of  the  muscular  powers  of  their  subordinates.  Ig- 
norance, carelessness  or  neglect  of  one's  duty  is  no  more 
condoned  at  present  than  in  that  day  mentioned  ;  but  the 
ancient  officer,  if  he  were  here,  would  now  remark  : 

'*  Blank-it-to-blank,  sir  !  Why  did  you  not  think  it 
well  over,  before  doing  anything  !" 

In  the  day  of  sailing  ships  it  was  considered  good  prac- 
tice for  a  young  officer,  as  he  stood  the  deck  watch,  to 
conjure  up  possible  disasters  which  might  befall  the  vessel, 
and  having  thus  brought  before  his  mind  such  an  emer- 
gency, to  reflect  upon  the  line  of  action  that  should  then  be 
taken. 

It  has  become  an  axiom  in  modern  warfare,  that  all 
other  things  being  equal,  the  cool  and  collected  man,  who 
is  executing  a  carefully  studied  plan,  will  be  successful 
over  the  enthusiast,  who  is  acting  under  the  impulse  of  the 
moment.  As  evidence  of  this,  witness  the  termination  of 
the  Franco- Prussian  war,  as  contrasted  with  that  stubborn 
resistance  met  before  Richmond,  after  four  years  of  hard 
fighting. 

There  can  be  but  one  opinion  as  to  the  fact  that  the  Con- 
federates were  less  prepared  to  withstand  the  advance  of 
the  Federal  forces  than  were  the  French  to  resist  the  Ger- 
man invasion  ;  yet  while  Lee,  Johnston  and  Longstreet, 
by  their  steady  coolness,  even  under  defeat,  required  that 
overwhelming  force  to  advance  but  slowly,  on  the  other 
hand,  the  French  line.  "  On  their  way  to  Berlin,"  having 
once  been  checked,  Von  Moltke  marched  steadily  into 
Paris.  It  is  a  noticeable  feature  of  this  campaign  that 
the  handkerchiefs  issued  to  the  German  soldiers  had 
printed  upon  them  the  fortresses  and  the  routes  connect- 
ing them  which  lay  between  Berlin  and  Paris  ;  thus  giv- 
ing each  individual  soldier  a  knowledge  of  the  geography 
of  the  territory  through  which  he  was  advancing. 

Another  lesson  may  be  drawn  from  this  contrast.  One 
must  to-day  guard  as  carefully  against  an  enthusiastic  ad- 
vance'as  he  would  against  a  precipitate  retreat.  Mathe- 
matical and  mechanical  exactness  is  of  as  much  value  in 
the  flush  of  victory  as  during  the  ignominy  of  defeat. 

It  can  thus  be  seen  that  the  art  of  applying  the  more 
scientific  principles  of  modern  warfare  is  not  inherent  in 
the  minds  of  all  graduates  of  military  and  naval  schools  ; 
and  the  proper  instructors  in  the  application  of  these 
principles  are  those  officers  who  have  acquired  special 
prominence  in  the  different  branches  of  naval  duty. 

The  War  College,  therefore,  can  impart  a  class  of  in- 
formation not  otherwise  obtainable  except  by  experience 
in  time  of  actual  warfare— a  method  necessarily  disastrous 
to  the  nation's  forces.  Experience  in  the  use  of  the  con- 
stantly improving  engines  of  war  has  still  to  be  dearly 
bought  in  absolute  battle.  There  is  no  school  for  the 
naval  fighter  to  equal  that  of  the  deck  of  a  ship  in  action  ; 
and  our  estimates  of  the  effect  of  machine  guns,  smoke- 
less powder,  balloon  torpedoes,  etc.,  must  be  largely  a 
matter  of  conjecture,  yet  by  instruction  from  specialists  in 
each  branch  of  naval  duty,  the  errors  occurring  in  actual 
conflict  would  be  reduced  to  a  minimum. 

The  system  of  instruction  consists  of  lectures  at  which 
notes  are  taken  and  upon  which  recitations  are  afterward 
required.  Various  professional  subjects  are  treated  of  in 
these  lectures,  extending  from  the  organization  of  crews 
and  the  disciplining  of  men,  to  the  handling  of  a  vessel  in 
action  or  the  tactics  of  a  fleet. 

The  adoption  of  the  torpedo  as  an  offensive  and  defensive 
weapon  has  radically  changed  naval  warfare.  The  first 
attempts  to  use  torpedoes  were  met  by  the  declarations  of 
prominent  statesmen,  that  such  a  method  of  waging  war 
was  barbarous  and  contrary  to  the  international  rules  ex- 
isting between  civilized  nations  ;  yet,  notwithstanding  the 
general  objection  to  their  use,  they  are  now  universally 
employed. 

In  America  torpedoes  were  first  used  during  the  Revo- 
lution, when  an  effort  was  made  to  destroy  the  British 
vessels  anchored  in  the  Delaware  River  by  the  setting 
adrift  of  a  number  of  kegs,  filled  with  powder,  and  ar- 
ranged to  explode  by  clock-work. 

As  these  drifted  down  they  were  seen  by  the  English 
vessels,  and  were  destroyed   by  the   fire  of  cannon  and 
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small-iirms.  Athough  the  attempt  was  not  at  all  success- 
ful, it  caused  quite  a  commotion  in  the  fleet  ;  and  the  cir- 
cumstance gave  rise  to  a  mock  heroic  poem,  by  Francis 
fjopkinson,  entitled  "  The  Battle  of  the  Kegs." 

During  the  war  of  1812  stationary  torpedoes,  and  also 
a  submarine  boat  to  carry  torpedoes,  were  designed  by 
Robert  Fulton,  but  the  systems,  though  elaborated,  do  not 
seem  to  have  been  of  much  advantage. 

The  first  really  successful  use  of  torpedoes  may  be  said  to 
have  been  in  1854,  when  the  Russians  by  this  means  de- 
fended the  Baltic  ports. 

In  our  civil  war,  1861-65,  torpedoes  were  largely  and 
effectively  used  in  the  defense  of  the  Southern  ports,  and 
in  many  cases  were  the  only  deterring  agents  to  the  ad- 
vance of  our  naval  forces,  until  Farragut,  at  Mobile, 
showed  that  the  danger  to  be  apprehended  from  them  had 
been  greatly  over-estimated. 

The  effectiveness  of  the  torpedo  has  been  greatly  in- 
creased, and  it  has  now  become  a  weapon  of  the  utmost 
importance.  The  rough  kegs  of  powder  used  during  the 
Revolution  and  the  more  systematized  iron  tanks  designed 
by  Fulton  in  1812  bore  little  resemblance  to  the  highly 
scientific  machines  which  are  to-day  constructed.  Never- 
theless, Bushnell,  of  Connecticut,  in  1778,  conceived  the 
system  which  to-day  we  find  to  be  the  most  efficient — 
thai  of  a  submerged  or  partly  submerged  boat  carrying 
an  explosive  charge. 

The  earliest  torpedoes  were  placed  to  defend  harbors, 
and  consisted  of  stationary  tanks  of  powder.  These  were 
generally  exploded  by  contact  fuses,  having  small  glass 
vials  of  acids,  which  broke  when  the  vessel  collided  with  the 
torpedo,  and  acting  upon  other  chemicals,  produced  the  ex- 
plosion of  the  charge. 

These  were  equally  dangerous  to  friend  or  foe,  and  after 
the  declaration  of  peace  the  removal  of  these  obstruc- 
tions from  the  harbors  was  generally  attended  with  diffi- 
culty and  great  danger. 

During  our  civil  war,  for  the  defense  of  the  entrances 
to  certain  harbors,  torpedoes  were  arranged  to  be  exploded 
by  the  electric  current.  These  were  generally  quite  suc- 
cessful, yet  on  one  occasion  one  of  our  monitors  lay  for 
over  an  hour  directly  on  the  intersection  of  the  two  lines 
of  bearing  and  over  a  large  iron  tank  containing  2,000 
lbs.  of  powder,  which  failed  to  explode,  owing  to  the  im- 
perfect insulation  of  the  current  wires. 

In  later  years  movable  torpedoes  began  to  be  used  ; 
first  a  simple  can  of  powder,  fixed  upon  a  spar,  projecting 
from  the  vessel's  side,  and  thus  carried  into  action,  was 
by  electricity  exploded  under  or  close  alongside  of  the 
hostile  vessel.  These  were  soon  succeeded  by  torpedoes 
which  were  attached  by  long  lengths  of  wire  rope  to  the 
vessel,  and  which  by  systems  of  steering  apparatus  could 
be  veered  alongside  of  the  enemy,  and  there  exploded 
either  through  electric  currents,  led  along  the  wire  rope, 
or  by  contact  fuses  borne  in  the  torpedo  itself.  These 
were  found  to  be  less  dangerous  to  the  vessel  which  was 
exploding  them  than  were  the  spar  torpedoes,  as  the  lat- 
ter, being  discharged  at  such  close  quarters,  might,  owing 
to  the  sudden  carrying  away  of  a  guy-rope,  etc.,  explode 
the  charge  under  its  own  vessel. 

The  later  and  more  perfect  torpedoes,  which  are  now 
propelled  and  guided  by  electricity,  compressed  air  or 
other  gases,  or  by  some  internally  carried  motive-power, 
are  known  as  "Auto-mobile  torpedoes,"  to  distinguish 
them  from  those  which  are  carried  upon  spars  or  propelled 
by  current- wires  reeled  out  and  reeled  in,  at  will,  from 
shore  stations  ;  while  stationary  torpedoes  are  now  gen- 
erally alluded  to  as  "  submarine  mines." 

The  defense  against  torpedo  attack  may  be  said  to  have 
almost  kept  pace  with  the  improvement  of  the  torpedo  it- 
self, and  therefore,  if  our  naval  predecessors  could  now 
return,  they  would  find  themselves  confronted  with  an  en- 
tirely new  method  of  attack  and  defense.  Stationary  tor- 
pedoes are  now  exploded  by  means  of  small  counter- 
torpedoes,  the  discharge  of  which  causes  the  explosion  of 
the  larger  ones  throughout  a  certain  area.  The  invention 
°^,^'*^^tric  search-lights  and  machine  guns  have  greatly 
reduced  the  time  in  which  the  torpedo  officer  has  a  chance 
to  execute  his  delicate  mission  ;  while  submarine  torpedo 
Doats  and  "  fish  torpedoes,"  as  well  as  the  greater  speed 


lately  attained,  partly  compensate  to  him  for  being  under 
such  strict  surveillance  and  so  rapid  a  fire. 

It  became  manifest  some  years  ago  that  the  invention 
and  manufacture  of  these  more  complicated  machines  re- 
quired a  school  for  their  study,  and  the  Torpedo  School 
was  established  at  Newport,  K.  I.,  for  this  purpose. 

Each  year  a  number  of  officers  of  different  grades  are 
ordered  here  to  obtain  a  more  thorough  knowledge  of  the 
subject  of  torpedoes.  The  instruction  embraces  all  things 
connected  with  the  making  of  torpedoes,  their  care  and 
their  use.  Certain  days  are  set  apart  during  the  course 
for  practical  exercise  in  handling  and  exploding  torpedoes 
at  stationary  or  at  moving  targets. 

As  the  course  includes  the  manufacture  of  all  that  enters 
into  the  composition  of  the  torpedo — the  charge,  the  fuses 
which  explode  ^he  same,  and  the  motive,  or  guiding  power, 
a  review  of  chemistry  is  necessary,  in  order  to  enable  one 
to  keep  pace  with  those  discoveries  which  are  constantly 
being  made  in  that  science. 

The  system  of  instruction  is  also  that  of  lectures,  and 
recitations  upon  the  notes  then  taken,  and  is  supplemented 
with  practical  exercises. 

(TO  BE   CONTINUED.) 

• ♦ 

ON  THE  SOARING  OF   BIRDS. 


We  republish  below  from  Nature  a  fresh  attempt  at  a 
solution  of  the  mystery  of  the  soaring  of  birds  ;  some  species 
of  which,  as  is  well  known,  possess  the  skill  of  gliding  upon 
the  air  almost  indefinitely  without  flapping  their  wings, 
and  without  losing  height. 

Such  birds  generally  inhabit  southern  latitudes  ;  they 
soar  high  in  the  air,  and  the  difficulty  in  observing  accu- 
rately their  movements,  together  with  our  general  igno- 
rance of  the  laws  which  govern  air  resistances,  have  thus 
far  prevented  any  satisfactory  explanation  of  this  deeply 
interesting  problem. 

The  present  attempt  is  scarcely  more  fortunate  than  its 
predecessors.  The  Author  omits  all  numerical  calcula- 
tions, and  assumes  that  the  bird  proceeds  in  zigzag  lines, 
describing  a  series  of  figures  of  8,  in  which  the  return 
against  the  wind  is  very  much  shorter  than  the  course  with 
or  perpendicular  to  the  wind,  and  he  assumes  also  prac- 
tically the  same  conditions  for  spiral  soaring. 

In  point  of  fact,  few  if  any  birds  soar  in  that  way. 
They  first  acquire  initial  velocity  by  flapping  their  wings, 
and  then  lazily  float  in  nearly  full  circles,  drifting  but 
little,  while  surveying  the  field  for  a  meal.  In  this  climate 
such  birds  (the  hawks,  the  eagles,  etc.)  give  once  in  a  while 
a  few  strokes  of  the  wing,  occasional  kicks,  as  it  were, 
which  seem  utterly  insufficient  to  maintain  their  speed, 
particularly  when  rising  ;  but  larger  birds,  further  south, 
are  said  to  start  from  a  perch,  and  to  soar  for  hours  with- 
out a  single  perceptible  movement  of  the  wings. 

Some  birds  of  passage— the  sand-hill  crane,  for  instance 
— give  us  in  the  North  an  exhibition  of  their  powers  when 
they  start  on  their  southern  migrations.  They  vault  into 
the  air  and  flap  their  wings  slowly  but  vigorously,  until 
they  have  gained  an  altitude  of  1,000  to  1,200  ft.  Then, 
stretching  their  rigid  wings  to  the  utmost,  they  wind  up 
in  a  spiral  75  to  150  ft.  in  diameter,  without  another 
flap,  to  a  height  of  one  to  three  miles,  and  often  beyond 
the  limits  of  vision.  When  satisfied  with  the  elevation 
gained,  and  with  the  condition  of  the  wind  at  that  eleva- 
tion, the  bird  then  heads  due  south,  and  transforms  the 
height  gained  into  horizontal  progress  by  gliding  down- 
ward in  a  straight  line  at  such  an  angle  as  to  produce  the 
speed  necessary  to  furnish  a  sustaining  reaction  and  to 
overcome  the  head  resistance.  When  this  downward 
course  brings  him  inconveniently  near  the  earth,  he  rises 
again  in  a  spiral,  to  repeat  the  operation. 

Most  observers  are  agreed  that  this  manoeuvre  can  only 
be  performed  in  a  wind  blowing  at  the  rate  of  10  to  25 
miles  per  hour.  There  may  be  a  dead  calm  at  the  sur- 
face, but  as  experienced  by  asronauts  and  proved  by  the 
records  on  the  Eiffel  Tower,  it  frequently  happens  that  not 
a  breath  stirs  below,  while  a  good  breeze  is  blowing  1,^000 
ft.  above. 

Granting  the  wind,  any  explanation  of  the  phenomenon 
in  order  to  carry  conviction  should  deal  with  numerical 
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examples,  and  give  the  data  for  a  particular  case.     We 
should  know  : 

1.  The  weight  of  the  bird. 

2.  The  area  of  surface,  as  well  as  the  form  of  that  sur- 
face, and  its  coefficient  as  compared  with  a  Hat  plane. 

3.  The  velocity  of  the  bird. 

4.  The  velocity  of  the  wind. 

5.  T-he  angle  at  which  the  bird  obtains  a  sustaining  re- 
action at  the  speed  oi  soaring  upward. 

0.  The  additional  angle,  if  any,  required  to  produce  the 
velocity  when  gliding  south  and  downward. 

7.  The  forward  head  resistance  of  the  bird. 

8.  The  rear  resistance  of  the  bird,  or  coefTicient  of  im- 
pulse which  the  wind  can  impart. 

Should  any  of  our  readers  possess  data  or  views  on  this 
subject,  we  shall  take  pleasure  in  publishmg  them. 

The  article  above  referred  to,  which  is  contributed  to 
Nature  by  Magnus  Blum,  of  Lund,  Sweden,  is  as  follows  : 

The  iniercstmg  problem  of  the  soaring  of  birds,  though 
repeatedly  discussed,  especially  in  Nature,  has  not  yet 
found  a  satisfactory  solution.  This  is  the  explanation  I 
propose. 

a  bird  soaring  horizontally  with  a  certain 
a  current  of  air  cutting  his  own  course 
The  bird  will  be  seized  and  partly  borne 
Instead  of  passing  by  calm  the  distance 
advance  from  a  \o  c  '\n.  the  same  space  of 
the  arrow  ^/indicating  the  direction  of 


Suppose  that 
velocity  enters 
rectangularly, 
by  the  wind. 
a  to  b,  he  will 
time  (see  tig.  i 

the  wind,  and  the  cross-lines  the  length-axis  of  the  wing- 
area).  The  way  a  to  c  evidently  being  longer  than  a  to  b, 
the  bird,  on  arriving  at  r,  has  a  greater  absolute  velocity 
than  if  he  had  pursued,  in  a  calm,  his  course  a  to  b.  It  is 
equally  evident  that,  if  the  initial  velocity  of  the  bird  and 
the  velocity  of  the  wind  are  properly  adapted,  the  velocity 
of  the  bird  at  the  point  c  can,  in  spite  of  the  resistance  of 
the  air  to  his  advancing,  be  greater  than  at  a.  If  arriving 
at  c  the  bird  can  turn  against  the  wind  *  without  consider- 
able loss  of  velocity,  it  is  clear  that  he  is  able  to  continue 
his  new  course  for  a  short  space,  before  his  velocity  sinks 
to  the  initial  velocity  which  he  possessed  at  the  point  a. 
During  this  part  of  his  course,  the  relative  velocity  of  the 
bird  (with  relation  to  the  air)  is  more  than  twice  the  abso- 
lute velocity  of  the  wind,  supposing  the  initial  velocity  of 
the  bird  equal  or  superior  to  that  ot  the  wind.  Let  d  be 
the  point  where  the  absolute  velocity  ot  the  bird  has  sunk 
to  the  initial  velocity.  If  the  bird  turns  at  d,  so  that  his 
course  crosses  the  direction  of  the  wind  at  f"i^ht  angles,  he 
is  again  ready  to  begin  the  same  course  as  when  starting 
from  a.  Thus,  on  the  way  a  to  c  the  absolute  velocity 
increases,  on  c  to  d  it  diminishes  as  much. 

Let  us  now  suppose  the  direction  of  the  wing-plane  un- 
changed :  the  course  of  the  bird  will  no  longer  lie  in  the 
horizontal  plane,  but.  from  reasons  now  easily  understood, 
a\o  c  will  gradually  drop  down  to  the  earth,  according  as 
the  relative  velocity  diminishes  ;  on  the  other  hand,  c  to  d 
will  rise  according  to  the  increment  of  the  relative  velocity. 
Which  will  be  the  greater,  the  sinking  or  the  rising,  de- 
pends on  several  circumstances,  but  principally  on  the 
force  of  the  wind,  the  adaptation  of  the  wing-plane,  the 
size  and  form  of  the  bird,  and  the  corresponding  propor- 
tions between  the  bearing  of  the  wings  and  the  resistance 
of  the  air.  This  resistance  is,  of  course,  in  proportion  to 
the  weight,  less  to  the  advancing  of  large  birds  than  to 
the  advancing  of  small  birds.  This  is  the  reason  why 
large  and  heavy  birds  are  the  best  soarers. 

It  results  from  this  that  a  bird  suitably  built  for  the 
purpose  cannot  only  maintain  the  same  level  without 
working  his  wings,  by  a  uniform  and  moderate  wind,  but 
also  gain  in  height  by  adroit  movements. 

It  may  perhaps  be  objected  that,  according  to  this 
scheme,  the  course  of  the  bird  will  not  be  spiral,  but  run 
in  tigures  of  eights  gradually  moving  in  the  direction  of 
the  wind  or  in  continuous  windings  on  the  one  or  on  the 
other  side  and  partly  with  the  wind  (fig.  i).  Indeed  it  is 
likely  that  the  movements  of  the  birds  will  often  prove 
that  they  profit  by  this  principle  in  manoeuvres  the  purpose 
of  which  has  not  yet  been  understood. 

♦  It  has  long  been  acknowledi^ed  that  stime  hirds  possess  the  power  of  chang- 
ing their  direction  without  any  sensible  loss  of  velocity. 


The  spiral  soaring  is  still  to  be  explained.  I  think  we 
must  suppose  that  commodiousness  is  the  principal  motive 
thereof.  Let  us  fancy  that  a  bird,  having  acquired  the 
necessary  initial  velocity,  soars  in  a  calm  without  working 
his  wings,  not  in  a  rectilinear  course,  but  by  suitable  in- 
clinations and  turnings  of  the  wings  in  circular  courses. 
We  known  that,  in  order  to  perform  this  manoeuvre,  the 
bird  drops  the  interior  wing  a  little  and  raises  the  exterior 
wing  just  as  much,  so  that  the  wing-plane,  during  this 
motion,  lormsL  a  conic  ring,  the  top  of  the  cone  pointing 
downward.  It  the  velocity  did  not  diminish,  the  bird 
would  be  able  to  continue  this  course  indefinitely,  or  he 
would  rise  or  sink  in  a  screw-formed  course,  according  as 
the  velocity  should  increase  or  diminish.  By  greater  in- 
clination ot  the  wing-plane  to  the  axis  of  the  cone,  the 
circles  would  become  narrower  ;  by  diminishing  inclina- 
tion, they  would  become  wider  ;  both  these  motions  are 
easily  produced  by  minimal  changes  of  the  form  of  the 
wing-plane  or  of  the  place  of  the  center  of  gravity.  Let 
us  further  suppose  that  the  stratum  in  which  the  bird  soars 
is  continually  moving  in  a  certain  direction.      From  the 
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moment  the  course  of  the  bird  is  perpendicular  to  the 
direction  of  the  wind  (point  a  in  fig.  2)  till  the  moment  it 
grows  parallel  with  it  {b),  the  bird  obtains  from  the  wind 
an  addition  to  his  absolute  velocity  (not  considering  the 
loss  occasioned  by  the  resistance  of  the  air)  and  also  an 
increment  of  velocity  from  the  moment  his  course  deviates 
from  the  direction  of  the  wind  (Jb)  till  the  moment  it  grows 
perpendicular  to  it  {c).  From  this  moment  again  the 
absolute  velocity  gradually  diminishes,  till,  at  last,  at  the 
point  /,  it  reaches  its  minimum.  From  this  point  (/)  a 
new  circle  begins  identical  with  the  first  one,  if  the  abso- 
lute velocity  in/ is  the  same  as  that  in  a,  which  does  not 


h\     \ 


Fig.  2. 


imply  any  impossibility,  even  includin*;  the  resistance  of 
the  air  to  the  advance.  It  is,  however,  important  that  the 
increment  of  velocity  during  the  course  a  b  c\%  equal  to 
its  diminution  during  the  course  c  e  f.  Certainly  the  re- 
sistance of  the  air  caused  by  the  wind  is  greater  during 
the  latter  part  of  the  course  than  the  former,  but  the  dis- 
tance during  which  it  is  working  is  shorter. 

In  which  plane  or  planes  the  different  parts  of  the  course 
will  pass  depends  upon  the  initial  velocity  and  the  changes 
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of  relative  velocity  of  the  bird  ;  naturally  also  upon  the 
invariable  quantities— the  weight  of  the  bird,  the  size  and 
form  of  the  wing-plane,  so  far  as  the  latter  has  influence 
upon  the  resistance  of  the  air  to  the  advance.  Now  in  a 
and/the  relative  velocity  is  the  same  as  the  absolute  or 
minimal  velocity.  In  c  the  relative  velocity  is  also  the 
same  as  the  absolute  velocity,  but  in  c  they  are  both 
jrreater  than  in  a  and/,  as  we  have  shown  above.  Thus 
the  relative  velocity  has  increased  during  the  course  a  b  c. 
From  a\o  b  no  increment  has  occurred,  but  the  contrary  ; 
so  much  the  faster  has  it  increased  from  b  to  c.  During 
the  course  c  e  the  relative  velocity  increases  gradually, 
obtaining  its  maximum  near  e;  whereas  it  gradually 
diminishes  from  e  to/,  so  as  to  equal  the  initial  velocity. 
Suppose,  then,  that  the  relative  velocity  diminishes  some- 


with  the  wind,  has  a  greater  velocity  than  the  wind,  and 
that  thus  during  this  part  of  the  circle  his  speed  is  not 
hastened  by  the  wind,  but.  on  the  contrary,  he  is  here  de- 
layed, maybe  less  than  in  the  other  parts  of  the  course. 
On  the  other  hand,  the  velocity  of  the  bird  is  augmented 
by  the  wind,  as  soon  as  the  wind  catches  the  bird  from 
the  side  or  obliquely  from  behind.  This  gain  of  velocity 
covers  the  loss  caused  by  the  resistance  of  the  air  to  the 
advancing,  and  consequently  allows  the  bird  to  maintain 
the  necessary  average  velocity.  It  is  less  obvious,  but 
nevertheless  likely  that  the  soaring  bird,  having  gained 
the  necessary  velocity  and  having  pointed  his  wing  suit- 
ably, can  without  changing  the  form  of  his  wings,  inces- 
santly continue  the  soaring  as  long  as  the  force  of  the 
wind  is  unchanged. 


THE  YARROW   TUBULOUS    BOILER. 


what  during  the  course  a  b.  This  diminution,  however, 
will  be  more  than  compensated  for  during  the  course  b  c, 
the  relative   velocity  in  c  being  greater  than   that   in  a. 

During  the  whole  course  c  e  f,  the  relative  velocity  is 
greater  than  in  a  and/.  Surely  the  supporting  power  of 
the  current  of  air  on  the  wings  depends  on  the  relative 
velocity.  It  increases  with  the  relative  velocity,  if  we 
suppose  everything  else  to  be  unchanged,  particularly  the 
angle  of  the  inclination  of  the  wing-plane.  If,  therefore, 
the  initial  velocity  in  a  by  a  certain  pointing  of  the  wing- 
plane  is  only  just  sufficient  to  maintain  the  bird  at  an  un- 
changed level,  the  bird  must,  when  describing  the  course 
a  to  ^,  gradually  drop  down.  Even  on  the  other  side  of 
b  the  sinking  is  continued  until  the  relative  velocity  has 
increased  so  as  to  regain  the  same  value  as  in  a.  From 
this  point  the  course  begins  to  rise  and  will  continue  rising 
until  /,  for  to  this  point  the  relative  velocity  is  greater 
than  in  a.  Under  such  circumstances  we  cannot  be  aston- 
ished if  the  part/ of  the  course  will  be  in  a  higher  plane 
than  the  part  a,  even  if  the  resistance  of  the  air  to  the 
advancing  is  infinitesimal. 

Should  the  initial  velocity  in  a  be  greater  than  what  is 
required  to  maintain  the  bird  on  the  same  level,  the  bird 
would  already  have  a  rising  course,  and  it  might  easily 
happen  that  no  part  of  the  course  would  be  aescending. 
However,  the  resistance  of  the  air  increases  much  faster 
than  the  relative  velocity,  and  therefore  the  most  available 
initial  velocity  will  be  different  for  different  birds  and  for 
aitterent  force  of  wind.  It  is  not  as  yet  an  easy  matter  to 
calculate  the  most  favorable  initial  velocity  to  certain 
"irds  and  to  certain  winds.  But  the  discrepancies  in  the 
aescriptions  of  the  forms  of  the  circles  find,  as  may  be 
easily  seen,  their  explanations  in  supposing  a  different 
•n'Jtal  velocity.  This  is  likely  to  be  chosen  differently  by 
amerent  birds,  and  may  be  different  for  the  same  bird 
according  to  different  force  of  wind. 

A  am  convinced  that  the  bird  always,  even  when  soaring 


Mr.  Peal's  explanation  no  doubt  comes  nearest  the 
truth  when  he  compares  the  soaring  bird  to  a  kite  ;  we 
may  consider  the  bird  a  kite,  but  the  string  which  con- 
nects him  with  the  earth  is  not  fixed  at  a  point  of  the  sur- 
face of  the  earth,  but  the  point  of  fastening  moves  with  the 
wind,  though  it  may  be  slower  than  the  wind.  It  is  the 
difference  of  velocity  between  the  motion  of  the  fastening- 
point  and  that  of  the  air  which  affords  the  necessary  |>owcr 
for  the  support  and  the  rising  of  the  bird. 

* 

BOILERS  FOR  HIGH  PRESSURES. 


Reference  has  been  made  in  previous  numbers  of  the 
Journal*  to  the  use  of  tubulous  and  other  forms  of  boil- 
ers for  producing  steam  of  the  high  pressure  which  marine 
engineers  are  now  disposed  to  use  as  most  economical.  In 
the  accompanying  engravings  two  forms  will  be  found, 
one  of  which  has  been  reduced  to  practice,  while  the  other 
has  only  been  suggested. 

The  first  is  shown  in  figs,  i  and  2,  and  is  a  boiler  made 
by  Yarrow  &  Company,  Poplar,  England,  for  a  torpedo- 
boat  recently  built  by  them  for  the  Argentine  Republic. 
Fig.  I  is  a  general  view  and  fig.  2  is  a  cross-section  through 
the  center. 

The  general  construction  of  the  new  boiler  will  be  clear 
from  these  engravings.  Two  parallel  longitudinal  cham- 
bers, AA,  the  cross-section  of  each  having  the  form  oi-  a 
sector  of  a  circle,  are  united  with  a  third,  B — of  cylindrical 
shape — by  a  great  number  ot  steel  tubes,  CC.  The  section 
thus  resembles  an  inverted  V  with  the  cylindrical  cham- 
ber at  the  apex,  the  tubes  sloping  downward  at  an  angle 
of  about  30°.  The  two  lower  chambers  form  water- 
pockets,  and  the  water  extends  up  to  about  the  middle  of 
the  top  chamber,  the  remaining  space  ot  the  latter  being 
filled  with  steam.     The  flat  surfaces  of  the  water-pockets 

*  Ib  the  TouRNAL  for  July,  1890,  page  319  ;  for  August,  1890,  page  346  ;  and 

for  November,  1890,  page  497. 
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form  the  tube-plates  at  one  end  of  each  series  of  tubes,  the 
other  ends  being  secured  in  the  lower  half  of  the  cylindri- 
cal upper  chamber.  Each  of  the  three  chambers  is  about 
6  ft.  long,  and  the  upper  cylinder  has  a  diameter  of  about 
20  in.  ;  each  is  made  in  two  parts,  with  longitudinal  flange 
joints.  By  removing  the  lower  (circular)  portions  of  the 
water-pockets  AA  and  the  upper  part  of  the  top  cylinder 
^all  the  tubes  are  rendered  accessible  lor  cleaning  or  re- 
newal. There  is  no  direct  connection  between  the  lower 
chambers,  and  the  whole  system  has  complete  freedom 
for  expansion.  The  grate  D  occupies  the  space  between 
the  water-pockets,  and  the  fire  gases  ascend  between  the 
tubes  on  either  side,  as  indicated  in  the  sketch,  and  over 
the  top  cylinder  to  the  funnel.  j^With  the  exception  of  the 


order  to  make  a  satisfactory  structure  for  2 5olbs.  pressure. 
With  this  pressure  difficulties  will  arise  with  the  furnaces 
and  the  flat  sides  of  the  combustion  chambers.  To  get 
over  these  difficulties  the  writer  proposes  to  put  the  fur- 
naces and  combustion  chambers  outside  the  boiler  alto- 
gether. The  boiler  then  becomes  a  simple  cylinder,  the 
tubes  running  from  end  to  end.  As  shown  in  figs.  3,  4,  5 
and  6,  the  boilers  are  arranged  back  to  back,  with  the  com- 
bustion chambers  between  them.  The  furnaces  and  com- 
bustion chamber  may  be  of  cast  or  wrought  iron,  lined 
with  firebrick.  In  order  to  keep  down  the  grate  surface, 
and  thus  economize  space  athwartships,  it  will  be  of  ad- 
vantage to  use  forced  draft,  and  all  the  air  on  its  way  to  the 
furnaces   is  made  to  pass  over  the^top  and  sides  of  the 
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lower  portion  of  the  water-pockets,  the  whole  is  enclosed 
in  a  double  wrought-iron  casing  filled  with  asbestos.  All 
the  tubes  and  chambers  are  of  steel,  and  galvanized  within 
and  without.  The  feed-water  is  introduced  from  the  front 
into  the  top  cylinder  near  the  middle  of  its  length. 

The  circulation  takes  place  upward  through  the  hotter 
inner  tubes — next  the  furnace — and  downward  through 
the  outer  tubes.  Contrary  to  what  might  have  been  ex- 
pected from  the  design,  it  is  stated  that  no  priming  takes 
place. 

Boilers  of  this  kind  have  been  in  use  for  some  time,  and 
it  is  stated  that  no  trouble  has  been  experienced  from  leak- 
ing tube  joints.  As  compared  with  a  locomotive  boiler 
suited  for  the  same  work,  it  is  stated  that  the  new  gener- 
ator is  about  10  per  cent,  lighter,  including  coal  and 
water.     The  cost  is  about  the  same  in  both  cases. 

The  other  boiler  is  shown  in  the  second  illustration,  and 
is  not  of  the  tubulous  type,  but  is  a  modification  of  the 
ordinary  tubular  marine  boiler.  In  the  engraving— for 
which  we  are  indebted  to  Industries — fig.  3  is  a  section 
through  the  boiler  ;  fig.  4  a  section  through  the  furnace  ; 
fig.  5  a  transverse  section  and  fig.  6  an  end  elevation.  This 
form  of  boiler  was  recently  suggested  in  a  paper  read  before 
the  Northeast  Coast  Institute  of  Shipbuilders  &  Engineers 
at  Newcastle,  England,  and  can  best  be  described  by  a 
condensation  of  the  paper. 

To  sum  up  his  argument  very  briefly,  the  writer  has  en- 
deavored to  show  that  the  economy  of  the  three-crank 
triple-expansion  over  the  two-crank  compound  has  been 
mainly  due  to  the  increase  of  boiler  pressure,  and,  to  a 
small  extent,  to  the  increase  of  piston  speed.  That  by  in- 
creasing the  boiler  pressure  to  250  lbs.  per  square  inch  a 
steam  economy  of,  say,  15  per  cent,  can  be  obtained  over 
the  present  three-crank  triple.  That  an  increase  of  piston 
speed,  besides  increasing  the  economy  of  steam,  will  also 
increase  the  weight  economy,  so  that  the  piston  speed 
should  be  increased  up  to  the  practicable  limit.  That  the 
best  type  of  engine  to  use  this  higher  pressure,  and  best 
adapted  to  run  at  a  high  speed,  is  the  four-crank  four- 
cylinder  engine,  with  unjacketed  cylinders  and  separate 
steam  and  exhaust  valves. 

Passing  on  to  the  question  of  the  type  of  boiler  to  be 
adopted,  the  writer  is  of  opinion  that  a  considerable  de- 
parture from  the  present  design  of  boiler  is  necessary,  in 


combustion  chamber,  thus  reducing  to  a  minimum  any  loss 
from  radiation. 

The  advantages  of  a  boiler  of  this  type  are  obvious.  It 
is  perfectly  suitable  for  a  high  pressure.  There  will  be  no 
straining  from  unequal  temperatures.  The  cost  of  manu- 
facture will  be  considerably  less  than  that  of  the  present 
type  of  boiler.  For  the  same  heating  surface  the  space 
occupied  is  less  ;  the  boiler  shown  in  figs.  3,  4,  5  and  6  is 
10  ft,  6  in.  diameter,  and  contains  the  same  heating  surface 
as  a  boiler  of  the  present  type,  13  ft.  6  in.  diameter,  the 
lengths  in  both  cases  being  the  same. 


A  PARISIAN  SUBWAY. 

(From  Le  Genie  Civil.) 


The  Sceaux  Railroad,  built  about  1848  on  the  plans  of  the 
Engineer  Arnoux,  was  intended  to  show  the  possibility  of 
using  curves  of  very  small  radius.  The  principle  of  the 
system  adopted  consisted  in  the  use  of  guiding  rollers  or 
wheels  to  keep  the  engines  on  the  track,  while  the  driving- 
wheels  had  no  flanges.*  Unfortunately  this  system  was 
somewhat  complicated  for  ordinary  use  and  required  a  very 
wide  guage,  so  that  it  did  not  come  into  general  use. 

The  Orleans  Company  recently  bought  this  short  road, 
and  is  now  rebuilding  it  as  an  ordinary  road  and  supplying 
it  with  equipment  of  the  ordinary  types.  In  connection 
with  this  rebuilding  the  road  is  being  extended  from  the 
old  terminus  for  some  distance  into  the  city.  The  new 
terminus  is  at  the  Rue  Medicis,  and  the  underground  line 
by  which  that  point  is  reached  is  to  be  extended  across  the 
city  to  the  Orleans  station  on  the  Quai  Maubert.  The  ex- 
tension from  the  Rue  Medicis  Is  being  surveyed.  With  a 
short  addition  outside  of  the  city  this  will  make  a  very  con- 
venient loop. 

The  extension  now  building  is  entirely  underground. 
With  the  exception  of  a  short  distance  under  private  prop- 
erty it  runs  under  the  street,  most  of  the  way  under  the 
Boulevard  St.  Michel.  The  line  is  double  track,  and  for 
most  of  the  distance  has  a  grade  of  2  per  cent.  Where  it 
is  sufficiently  below  the  surface  the  tunnel  is  arched  over 
with  masonry  ;   at  other  points  there  are  retaining  walls 

*  This  system  was  described  and  illustrated  in  the  Jouknal  for  January 
last,  page  46. 
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supporting  iron  girders  which  carry  the  street  pavement. 
The  latter  is  the  method  shown  in  the  accompanying  illus- 
tration, which  is  a  section  through  the  station  at  the  Rue 
Medicis,  the  arrangement  of  which  is  very  plainly  shown. 
At  this  point  the  track  is  32.8  ft.  below  the  street  level. 

Ventilation  of  this  subway  is  provided  for  by  iron  shafts 
or  chimneys  placed  in  the  center  of  the  boulevard  at  inter- 
vals of  328  ft.  Some  of  these  shafts  are  shown  in  the  cut ; 
in  a  narrow  or  crowded  street  they  would  have  to  be  differ- 
ently placed.  The  station,  it  will  be  seen,  has  stairways 
leading  to  a  passage  under  the  sidewalk,  the  ticket-office 


from  2^  to  6  in.  thick,  extending  from  stem  to  stem. 
Within  the  armor-belt  and  above  the  protective  deck  a 
coffer-dam  3^  ft.  wide  is  to  extend  the  whole  length  of  the 
ship,  and  to  be  filled  with  some  water-excluding  material. 
The  8-in.  guns  will  be  carried  in  barbettes  with  10-in. 
armor,  which  will  protect  the  carriages,  platforms  and 
loading  positions  ;  over  the  guns  will  be  shields  7  in.  thick. 
The  ammunition  hoists  and  spaces  below  the  heavy  gun- 
mounts  will  have  cone-shaped  armor  5  in.  thick.  The  4- 
in.  guns  will  have  segmental  shields  of  4-in.  plate,  and  the 
armor  of  the  conning-tower  will  be  7^  in.  thick. 


SUBWAY   FOR   THE   SCEAUX    RAILROAD   IN    PARIS. 


and  waiting  room  being  in  one  of  the  buildings  adjoining, 
so  that  there  is  no  interference  with  the  street  itself.  This 
subway  has  some  points  worth  consideration  here. 


THE  UNITED  STATES  NAVY. 

The  accompanyingillustrations,  from  the  report  of  Chief 
Constructor  T.  D.  Wilson,  show  two  important  ships  now 
under  construction  for  the  Navy,  about  which  very  little 
has  been  said  thus  far. 

THE   ARMORED   CRUISER. 

Armored  Cruiser  No.  2 — the  Maine  is  No.  i — which  is 
under  construction  by  the  Cramp  Company,  in  Philadel- 
phia, and  which  will  be  named  New  York,  will  be  a 
formidable  vessel  on  account  of  her  speed,  her  heavy  bat- 
tery and  her  powers  of  resistance.  This  ship  will  be  380 
It.  6i  in.  in  length  on  water  line,  64  ft.  beam,  and  will  have 

a  displacement  of  8,150  tons,  and  a  mean  draft  of  23  ft.  3} 
in. 

The  main  battery  will  consist  of  six  8-in.  breech-loading 
rines  and  twelve  4-in.  rapid-fire  guns  ;  the  secondary  bat- 
tery of  12  smaller  rapid-tire  guns,  four  37-mm.  (1.46-in.) 
revolving  canon,  and  four  machine  guns. 

The  hull  is  to  be  protected  by  a  vertical  armor-belt 
over  the  machinery  space,  and  by  a  steel  protective  deck 


This  ship  will  have  twin  screws  and  will  have  four  en- 
gines, two  on  each  shaft,  so  arranged  that  the  forward 
engines  can  be  uncoupled  and  only  the  after  engines  used 
when  cruising  at  slow  speed.  The  engines  will  be  of  the 
vertical,  inverted  cylinder,  direct-acting,  triple-expansion 
type,  the  cylinders  being  32  in.,  46  in.  and  70  in.  in 
diameter,  with  42-in.  stroke.  The  valves  will  be  all  pis- 
ton valves,  driven  by  link  motions.  The  bedplates  will  be 
of  cast  steel,  and  the  engine  framing  will  consist  of  cast 
steel  inverted  Y-frames,  two  to  each  cylinder.  There  will 
be  one  condenser  and  one  auxiliary  condenser  to  each  en- 
gine, and  the  circulating  and  air  pumps  will  be  worked  by 
independent  engines. 

Steam  will  be  furnished  by  six  double-ended  boilers,  of  the 
horizontal  return  fire-tube  type,  each  15  ft.  3  in.  in  diameter 
and  21  ft.  3  in.  long,  and  each  having  eight  corrugated 
furnace  flues  3  ft.  3  in.  inside  diameter.  There  will  be 
also  two  single-ended  auxiliary  boilers,  each  10  ft.  in 
diameter  and  8  ft.  6  in.  long,  and  each  having  two  corru- 
gated furnaces  2  ft,  9  in.  inside  diameters.  All  the  boilers 
will  be  built  for  160  lbs.  working  pressure. 

For  forced  draft  there  will  be  six  blowers — three  to  each 
fire-room — for  the  main  boilers,  and  one  blower  to  each 
auxiliary  boiler. 

It  will  be  seen  that  this  ship  differs  from  all  the  other 
cruisers  in  having  four  engines,  of  which  two  will  be  suffi- 
cient for  ordinary  cruising,  the  others  to  be  used  only 
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when  high  speed  is  required.  These  engines  are  expected 
to  develop  16,000  H.P.,  and  to  propel  the  ship  at  a  speed 
of  20  i<nots  an  hour. 

The  coal  carried  at  normal  displacement  will  be  500 
tons-  but  the  ship  will  be  able  to  carry  1,500  tons 
altogether  ;  this  will  give  her  a  cruising  endurance  of  13,- 
000  knots,  at  a  speed  of  10  knots  an  hour. 

THE  NEW  CRUISER. 

Protected  Cruiser  No.  6,  which  the  Union  Iron  Works 
are  now  building  in  San  Francisco,  is  a  twin-screw  pro- 
tected cruiser,  of  the  following  dimensions  :  Length  on 
load  water  hne,  340  tt.;  extreme  breadth,  53  It.;  mean 
draft,  21  ft.  6  in.  ;  displacement  at  normal  draft,  5,50010ns. 

This  ship  has  a  protective  deck  4|  in.  thick  on  the  slopes 
and  2  in.  on  the  flat  over  the  machinery  space  ;  3  in.  on 
the  slopes  and  2  in.  on  the  Hat  forward  and  abaft  of  it. 

A  belt  of  water-excludmg  material  33  in.  thick,  in  coffer- 
dams extending  4  ft.  above  and  4  ft.  5  in.  below  the  load 
water  line,  extends  the  whole  length  of  the  vessel.  Coal 
protection  is  afforded  the  machinery  by  the  location  of  the 
bunkers  along  the  side  below  the  .protective  deck,  and 
above  that  deck  for  the  length  of  the  engine  and  boiler 
space.  The  armored  ammunition  tubes  are  3  in.  thick, 
and  the  conning-tower  5  in.  The  hull  plating  is  increased 
in  thickness  in  the  wake  of  all  machine  guns. 

The  main  battery  will  consist  of  four  8-in.  breech-load- 
ing rifles  in  barbette  turrets  4  in.  thick,  and  ten  5-in.  rapid- 
tire  guns  protected  by  4-in.  segmental  shields.  The  sec- 
ondary battery  will  consist  of  fourteen  6-pounders,  six  i- 
pounders  and  four  Gatling  guns.  In  each  of  the  lower 
military  tops  will  be  mounted  a  37-mm.  Maxim  gun  and  a 
i-pounder  Hotchkiss  gun.  The  torpedo  outfit  will  consist 
of  six  launchmg  tubes  for  automobile  torpedoes,  one  fixed 
at  the  stem,  one  at  the  stern,  and  two  training  tubes  on 
each  broadside. 

There  will  be  two  vertical,  direct-acting  triple-expansion 
engines,  one  to  each  screw.  The  cylinders  will  be  42  in., 
59  m.  and  92  in.  in  diameter  and  42-in.  stroke. 

Steam  will  be  furnished  by  six  boilers,  two  single-ended, 
each  15  ft.  3  in.  in  diameter  and  10  ft.  11^  in.  long,  with 
four  corrugated  tubular  furnaces  ;  the  other  four  double- 
ended,  15  ft.  3  in.  in  diameter  and  21  ft.  3  in.  long,  with 
light  furnaces.     They  will  carry  160  lbs.  working  pressure. 

Working  at  full  power  and  at  about  128  revolutions  per 
minute,  the  engines  are  expected  to  develop  13,500  H.P. 
and  to  give  the  ship  a  speed  of  20J  knots  an  hour. 

The  full  coal  capacity  will  be  1,300  tons.  At  maximum 
speed  this  supply  will  give  a  steaming  radius  of  2,192 
knots.  At  a  speed  of  10  knots  it  will  give  a  cruising  en- 
durance of  13,000  knots,  or  about  54  days'  steaming. 


ANSWER  TO  A  PROBLEM  IN  SURVEYING. 


Problem  -.*   To  correct  a  random  traverse  of  several 
courses  belweeti  two  known  points. 
Let  A,  B,  C,  D,  E,  F  represent  a  meander  as  originally 


Measure  the  course  and  distance  oi  F'  F.  Draw  A  F\ 
A  /''and  A  iVand  O  F'  as  meridians.  From  .<4  as  a  cen- 
ter sweep  arcs  from  F'  and  F  to  intersect  radials  drawn 
from  A  through  the  points  B,  C\  D',  etc.     On  each  of 


these  radials  form  triangles  equal  to  A  F'  /'and  similarly 
situated,  and  draw  B'  B,  C  C,  etc.,  parallel  to  the  sides 
opposite  to  A  of  the  corresponding  triangles. 

These  lines  will  represent  the  courses  and  distances  of 
the  corrections.  From  the  field  notes  find  the  total  lati- 
tudes and  departures  of  the  points  B',  C',  D',  E\  F'  and 
F.     To  determine  the  courses  we  have  : 


departure* 
Tangent  of  course  =-j^.^^-  ; 


distance  = 


latitude 


cos. course. 

From  the  similarity  of  the  several  triangles  we  have  : 

AB'  )       i  B'  B\ 

^  ^  \.  '  X  ^    ^  \  z=.  the  corrections 
AD'  C  '    ]  D'D  C  in  distance. 

A  £'  J        \  E'  E3 


A  F'  \F  F'. 


\ 


The  angle  A  F^  F  will  be  the  sum  or  difference  oi  O  P  F 
and  A^^  F' . 

Set  the  instrument  over  B\  C\  D'  and  E' ,  direct  the  tele- 
scope toward  A,  and  turn  off  an  angle  equal  to  A  F'  Fto 
the  rz'ght  or  left;  as  the  case  requires,  and  measure  off  the 
proper  distances. 

Or,  the  courses  may  be  determined  by  combining  the 
angles  N  A  B,  N  A  C,  etc.,  with  A  F'  F.  Making 
A  F'  the  meridian,  the  course  of  F'  /^will  be  known,  to 
which  add  or  subtract  NAB',  N  A  C,  etc.,  as  the  case 
requires.  The  sum  or  difference  when  less  than  90°  will 
be  the  course,  otherwise  its  supplement. 


Example. 


Course. 


N.  6a«      E. 

>f-  4^;^°  E. 

^•'-  5*       W. 

*   N.  73140  E. 


S. 


12"         W. 

West. 


Dist. 


Ch. 
14.00 

8.00 
12.00 
10.35 

6.43 
.62 


Lat. 


+N. 


6.5726 
5.8030 

i'-9543 
3.0823 


-S. 


6.2S95 


Dep. 


+  E. 


5.5068 
97756 


— W. 


1.0459 


>.3369 
.62 


Total. 


Lat. 


4-  6.5726 
-^12.3756 
+24.3299 
-I-27.4121 
+21.1226 
4-21.1226 


Dep. 


+12.3613 
+17.8681 
+16.8322 
+26  5978 
+35.2610 
+24.6410 


AB 

AC 

AD 

AE' 

AF 

AF 


Course. 

Dist. 

Ch. 

N. 

6a»       E. 

14.000 

N. 

55"i8'  E. 

"1-735 

N. 

34°4o'  E. 

29579 

N. 

44°8'    E. 

38. 195 

N. 

5o'>6'    E. 

32.928 

N. 

49'«4'  E. 

3»-455 

CORKKCTIONS. 


Course. 


B'BIN.  78*  6'  W. 
C'CiN.  84*48' W. 
D'DS.  74°34'W. 
E'E  S.  84»3'    W. 


F'F 


West. 


Dist, 


Lks. 
36.4 
40.9 

55-7 
71.9 
62.0 


How  Found. 


AF'F=OF'F-NAF'  =S.  39*54'  W. 

AK'F+NAB'=xoi<'s4'Sup.  =  N.78«'6'W. 

"     +NAC'=  gs'is'   "  =N.  84%8'  W. 

"    -|-NAD'= S.  74°34'W. 

**     +NAE'  = S.  84»a'    W. 

"      |-NAF'  = West. 


run.  of  which  A  is  the  known  point  of  beginning  and  F  that 
of  the  terminus,  and  let  A',  B\  C,  D',  E',  F'  represent  a 
random  as  run  from  the  same  field  notes  and  terminating  at 
'  •  ^^  is  required  to  determine  the  courses  and  distances 
oJ  the  corrections  B'  B,  C  C,  D'  D,  etc.,  to  the  true 
•inguiar  points  of  the  meander  as  originally  surveyed. 

r,,    ^  J"L'RNAi.  for  Septemlier,  1890,  page  417  ;  and  for  December,  1890,  page 
and  an.      PT?'**"  *as  submitted  by  F.   Hodgman,   C.E.,  of  Climax,  Mich., 
-"swercd  by  him.    The  present  answer  is  by  Seth  Pratt,  C.E, 


If  it  be  desirable  to  re-run  the  meander  from  the  cor- 
rected field  notes  as  a  test  of  accuracy,  we  have  : 

N  A  P  ~  N  A  F  =  the   correction   in   the   courses   and 

A  F 

■  .   ,,,  =  the  corrected  length  of  the  random  chain. 


*  The  courses  and  distances  are  readily  computed   by  logarithms. 
Thus    -'  ''*^'  **"•  of  <^ourse,  =  lo  +  log.  Dep.  —  log.  I^t. 

'   I  log.  Distance,  =  10  +  log.  Lat.  —  log.  cos.  of  course. 
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[March,  iIqi. 


With  these  corrections,  the  original  meander  may  be  re- 
run, and  if  the  work  be  accurately  done,  the  last  course 
and  distance  will  terminate  at  F. 


THE  SUBMARINE  MINE  AND  TORPEDO  IN 
HARBOR  DEFENSE. 


By  First  Lieutenant  Joseph  M.  Califf,  Third  U.  S. 

Artillery. 


(Copyright,  1890,  by  M.  N.  Forney.) 


{Continued from  page  78.) 


IX. — EXPLOSIVES. 

The  success  achieved  by  mines  and  torpedoes  during 
the  War  of  the  Rebellion  awakened  among  all  maritime 
powers  a  profound  interest  in  these  new  agents  of  war. 
Gunpowder  was  at  this  time  the  only  explosive  employed 
in  submarine  warfare,  but  even  of  its  capabilities  when  so 
used — the  energy  developed  under  the  different  conditions 
of  submersion,  position,  nature  of  envelope,  and  methods 
of  firing — but  little  was  known. 

At  different  times  vessels  had  been  blown  up  by  way  of 
experiment,  but  these  trials  gave  little  or  no  reliable  data 
upon  the  points  in  question.  The  Confederates  carried  on 
some  experiments  in  the  James  River  to  determine  the 
amount  of  gunpowder  charge,  when  placed  as  a  ground 
mine  upon  river  bottom,  necessary  to  destroy  a  1,000-ton 
vessel.  From  these  experiments  they  deduced  the  general 
rule  that  in  two  fathoms  of  water  300  lbs,  of  gunpowder 
was  required  to  destroy  a  vessel  of  this  tonnage,  which 
amount  was  gradually  increased  until  in  eight  fathoms 
2,400  lbs,  was  necessary.  They  further  announced  that 
where  the  bottom  was  rocky.  25  per  cent,  should  be  de- 
ducted from  the  amounts,  and  that  one-third  of  these  hgures 
should  be  added  for  every  i.ooo  tons  increase  in  a  vessel's 
measurement. 

To  discover  the  laws  governing  sul)aqueous  explosions 
was  the  problem  presented  to  the  engineer  when  the  ques- 
tion of  mine  defense — of  preparing  and  planting  a  system  of 
mines — came  to  be  solved.  To  this  end  a  series  of  experi- 
ments were  inaugurated  in  the  United  States  soon  after  the 
close  of  the  war.  This  was  the  most  systematic  and  ex- 
tended course  of  experiments  ever  undertaken  in  this 
country  or,  perhaps,  in  any  other,  to  determine  the  laws 
governing  the  transmission  of  explosive  energy  through 
water,  the  explosive  best  adapted  for  submarine  mining, 
together  with  all  the  attendant  questions  of  mine-case,  po- 
sition, mooring,  fuses,  and  manner  of  firing.  It  was  car- 
ried out  under  the  direction  of  General  Abbott,  in  charge 
of  the  School  of  Submarine  Mining,  at  Willet's  Point.  New 
York  Harbor,  Beginning  in  1869,  these  experiments  ex- 
tended through  the  ten  or  twelve  years  following,  and  were 
so  carefully  made,  and  the  details  so  minutely  recorded, 
that  the  report  upon  the  subject  has  become  a  classic. 

In  these  experiments  almost  every  kind  of  explosive  then 
known  was  used — gunpowder  of  various  grades,  gun-cot- 
ton, nitro-glycerine,  the  dynamites,  and  explosive  gelatine. 
The  dynamometer  used  to  measure  the  energy  developed  by 
these  explosives  was  the  crusher-gauge  or  pressure-piston, 
something  after  the  kind  employed  in  measuring  the  pres- 
sures in  the  powder  chamber  of  a  gun.  The  measure  of  the 
energy  was  the  amount  of  compression  of  a  small  cylin- 
der of  lead  placed  under  the  base  of  a  piston,  the  head  of 
which,  of  given  sectional  area,  was  exposed  to  the  action 
of  the  explosive  charge.  Two  kinds  of  apparatus  were  em- 
ployed in  General  Abbott's  experiments — the  one  a  stout 
ring  of  wrought  iron,  of  diameters  varying  from  3  to  8  ft.; 
the  other  a  crate  of  like  material,  50  ft.  x  10  ft.  X  10  ft. 
In  the  center  of  each  the  charge  of  explosive  was  suspended, 
while  the  gauges,  6  in  one  case  and  36  in  the  other,  were 
rigidly  secured  in  sockets  about  the  circumference  of  the 
ring  or  at  the  angles  of  the  crate  ;  these  were  then  sus- 
pended at  different  depths  by  suitable  buoys,  and  the  charge 
fired  electrically. 

Abroad  the  experiments  have  been  largely  made  against 
targets  representing  approximately  the  shape  and  structural 


strength  of  the  bottom  of  a  war-ship,  or  against  old  hulls 
strengthened  for  the  purpose,  the  gauges  being  secured 
against  the  side  of  the  target  or  vessel. 

From  the  data  thus  obtained  formulas  have  been  deduced 
into  which  all  the  conditions  of  the  problem — strength  of 
explosive,  its  distance,  position,  etc, — enter  as  factors.  In 
the  United  States  these  have  been  obtained  almost  wholly 
from  the  pressure-gauge  records,  usually  with  small 
charges,  while  abroad,  particularly  in  England,  the  actual 
destructive  effect  obtained  with  fairly  large  charges  against 
a  ship's  bottom  has  been  chieHy  relied  upon,  the  crusher- 
gauge  records  in  these  trials  having  never  been  published, 
and  are  supposed  to  be  unreliable. 

Of  explosives  in  general,  it  may  be  said  that  they  all 
belong  to  one  of  two  classes — mechanical  mixtures  or 
chemical  compounds.  In  the  one  case,  as  of  gunpowder, 
the  ingredients  are  mechanically  mixed,  and  may  be  sep- 
arated by  mechanical  means.  The  explosion  is  by  the 
combustion  of  the  individual  grains.  In  the  other  class- 
represented  by  all  the  so-called  high  explosives— the  com- 
posing elements  are  in  chemical  combination,  and  cannot  be 
separated  except  through  chemical  change.  Explosion  is 
not  by  combustion  ;  there  is  a  simultaneous  decomposition 
of  the  compound  (detonation),  and  the  initial  pressure  is 
the  maximum  one. 

The  introduction  of  the  high  explosives  was  an  immense 
gain  in  the  matter  of  submarine  mining.  This  not  only 
on  account  of  the  vastly  greater  explosive  power  they  pos- 
sess, but  also  from  the  fact  that  many  of  them  are  prac- 
tically unaffected  by  the  action  of  water.  When  the  ditti- 
culty  of  excluding  moisture  from  a  submerged  metal  case 
is  remembered,  this  latter  gain  will  appear  almost  as  great 
as  the  first. 

Of  the  many  kinds  of  high  explosives  employed  in  the  ex- 
periments above  referred  to,  but  four  or  five  have  been 
found  suitable  for  submarine  work.  These  are  gun-cotton, 
dynamite  No.  i,  explosive  gelatine,  blasting  gelatine  and 
forcite,  or  forcite  gelatine.  Of  the  others — dynamite  Nos. 
2  and  3,  Hercules,  Vulcan,  and  Atlas  powders,  tonite, 
etc. — the  nitro-glycerine  is  mixed  with  the  salts  of  sodium, 
potassium,  magnesium  or  baryta,  which  are  more  or  less 
delicjuescent,  and  the  compound  is  likely  to  deteriorate 
with  exposure  in  a  mine  case. 

The  composition  of  these  compounds  is  fairly  well  known. 
Dynamite  No.  r,  with  its  75  percent,  of  nitro-glycerine  and 
25  per  cent,  of  absorbent  earth,  is  usually  taken  as  the  stand- 
ard in  estimating  the  relative  strength  of  various  explo- 
sives. Explosive  gelatine  differs  from  blasting  gelatine  in 
the  addition  of  a  small  amount  of  camphor.  The  constit- 
uents are  of  nitroglycerine,  nitro-cotton  and  camphor, 
89  ;  7  and  4  per  cent,  respectively  for  the  one,  and  of  nitro- 
glycerine and  nitro-cotton,  92.  and  8  per  cent,  respectively 
for  the  other.  Forcite  gelatine,  or  forcite,  has  95  per  cent, 
nitro-glycerine  and  5  per  cent,  unnitrated  cellulose.  The 
presence  of  the  camphor  in  the  explosive  gelatine  renders 
it  practically  insensible  to  shock.  Under  these  conditions 
only  a  powerful  primer  will  explode  it.  Rifle  bullets  fired 
into  it  at  short  range  will  not.  It  is  believed  to  possess 
both  mechanical  and  chemical  stability,  while  its  explosive 
power  is  greater  than  that  of  any  other  high  explosive 
now  in  use. 

As  the  result  of  General  Abbott's  experiments,  he  rec- 
ommends that  when  it  is  necessary  to  use  gunpowder  for 
submarine  mining  only  the  finest  grades  should  be  used — 
sporting  powder  having  2^  times  the  strength  of  mortar 
powder  when  fired  under  water  ;  that  large  charges  are 
desirable  ;  that  strength  of  case  is  of  great  importance— a 
charge  in  a  strong  iron  case  giving  three  or  four  times  the 
energy  than  if  in  a  case  of  wood  ;  that  the  nearer  the  case 
approaches  a  sphere  in  shape  the  better,  and  that  an  air 
space  above  the  charge  is  advantageous  in  serving  to  di- 
rect the  blast.  He  adds  that,  as  regards  the  explosion  of 
gunpowder,  no  great  uniformity  of  results  can  be  expected. 
These  opinions  are  in  the  main  concurred  in  by  foreign 
engineers. 

With  regard  to  the  high  explosives  he  makes  the  follovv- 
ing  deductions  :  That  only  a  moderate  submergence  is 
necessary  to  obtain  the  maximum  force  of  explosion — a 
submersion  of  4  ft.  for  a  loo-lb.  charge  and  4  ft.  per  100 
lbs.  additional  for  larger  charges  being  sufficient  to  pro- 
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duce  explosion  of  the  first  order  ;  that  a  weak  envelope 
gives  better  results  than  a  strong  one,  and  that  with  a 
proper  quality  of  explosive  no  danger  of  deterioration  after 
planting  a  mine  need  be  apprehended,  provided  that  the 
priming  charge  is  kept  dry  by  enclosing  it  in  a  separate 
envelope. 

The  following  is  given  by  General  Abbott  as  the  relative 
intensity  of  action,  per  unit  of  weight,  of  the  various  explo- 
sives when  fired  under  water  (dynamite  No.  i  being  taken 
as  the  standard)  : 

Dynamite  No.  i loo 

Gun-cotton 87  *~ ''" 

Nitro-glyccrine 81  —  ~ 

Explosive  gelatine 117 

Gunpowder 20  to  50 

English  writers  on  the  subject  give  a  different  explosive 
value  to  some  of  these  compounds.  Colonel  Bucknill 
gives  the  following  : 

Dynamite  No.  1 100 

Gun-cotton,  dry 100 

Explosive  gelatine 117 

Forcite  gelatine ,^:>«>««<. .  133 

Blasting  gelatine 142 

Gunpowder 25 

From  his  experiments,  General  Abbott  assumes  that  an 
instantaneous  mean  pressure  of  6,500  lbs.  per  square  inch 
will  give  a  fatal  blow  to  a  modern  ironclad.  Colonel 
Bucknill,  on  the  other  hand,  believes  this  to  be  inadequate, 
and  places  the  pressure  per  sq.  in.  necessary  to  destroy  at 
12.000  lbs. 

General  Abbott  gives  the  following  as  the  horizontal  and 
vertical  distances,  in  feet,  at  which  the  various  explosives 
will  destroy  a  modern  iron  clad,  calculating  6,500  lbs.  per 
sq.  in.  as  necessary  for  this  purpose  : 


100 

lbs. 

500  lbs. 

Hor. 

Vert. 

Hor. 

Vert. 

Dynamite  No.  i .. 

Gun-cotton . 

'6-3 

14-7 

18.2 

3-3 

18.6 

'7-3 
20.3 

3-3 

350 
31-7 
39-1 
>9-5 

40.0 

Kxplosive  gelatine 

Gunpowder  (sporting)..,.. 

37-3 
43  7 
•9  5 

Colonel  Bucknell,  from  the  Oberon  and  other  experi- 
ments, gives  the  following  as  the  charges  and  distances 
necessary  to  destroy  a  first-class  war-ship  with  double  bot- 
tom, assuming  12,000  lbs.  per  sq.  in.  pressure  as  being 
required  : 


Distance  in  Feet. 

S 

xo 

20 

SO 

EXI-LOSIVB. 

lbs. 

lbs. 

lbs. 

lbs. 

Blasting  gelatine 

Forcite             "          

Dynamite  &  Gun-cotton.. 
Gunpowder.. 

235 
25 
33 
132 

75 
80 

,07 
428 

177 

188 

251 

1,004 

4«5 

496 

660 

2,640 

He  also  gives  the  following  as  showing  the  wide  differ- 
ence in  results  obtained  in  working  out  tables  of  destruc- 
tive charges  of  blasting  gelatine  and  dynamite,  with  Gen- 
eral  Abbott's  formula  and  his  own  : 


Distance  in  Fket. 

5 

1 
10 

20 

40 

EXILOSIVE. 

s 

.a 

V 

0 

lbs. 

4 

■g 

A 

e 
« 

lbs. 
7^ 

0 

c 

0 

lbs. 

17 
75 

1) 

e 

0 

V 

• 

0 

« 

1 

(4 
c 
>. 

Q 

V 

"S 

0 

t! 

"i 

A 

C 
>> 

Q 

Abbott 

lbs. 

3a 
107 

lbs. 

lbs. 

lbs. 
311 

3«9 

lbs. 
581 

llucknell 

07     lay 

— 

'' 

^77 

'S' 

525 

It  would  not  be  safe  to  predict  that  the  explosives  above 
mentioned  will  hold  the  field  indefinitely  against  the  host 
of  new  compounds  that  have  been  brought  forward  for 
recognition  during  the  last  half  dozen  years — bellite,  hell- 
hoffite,  emmensite,  melinite,  etc. — and  for  some  of  which 
phenomenal  explosive  energy  is  claimed,  but  which  re- 
mains to  be  confirmed  by  thorough  and  systematic  experi- 
ment. The  wonderful  force  claimed  for  the  *"  lernble" 
French  melinite  is  remembered.  R-ecent  experiments  in- 
dicate that  it  is  about  equal  to  nitroglycerine  in  explosive 
power. 

In  the  English  service  gun-cotton  has  been  adopted  for 
submarine  mining.  In  our  own  dynamite,  which  was  at 
first  adopted,  is  giving  place  to  explosive  gelatine.  The 
French  propose  using  melinite.  One  advantage  claimed 
for  dynamite  is  that  it  has  become  an  article  of  commerce, 
and  could  be  procured  in  any  required  quantity  upon  the 
outbreak  of  hostilities,  which  does  not  hold  good  for  any 
other  high  explosive  used  in  submarine  mining.  The  ob- 
jections to  keeping  any  large  quantity  of  these  compounds 
in  store  are  evident. 

X.— PLANTING    THE  MINES. 

As  preliminary  to  putting  down  a  system  of  submarine 

mines,  the  points  to  be  determined  upon  are  as  to  the  kind 

of  mine  to  be  employed — whether  buoyant  or  ground  ; 

whether  they  shall  be  simple  contact,  electro-contact,  or 
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observation  mines  ;  whether  anchored  upon  one  or  more 
lines,  and  the  distance  between  the  lines  and  the  indi- 
vidual mines.  As  to  the  distance  between  the  mines,  the 
general  rule  that  they  shall  be  near  enough  together  to 
make  it  impossible  for  a  hostile  vessel  to  cross  the  mine- 
field without  coming  within  the  destructive  area  of  one  or 
more  of  the  mines,  must  be  subordinated  to  the  require- 
ment that  sufficient  distance  shall  be  maintained  to  pre- 
vent the  destruction  of  adjoining  mines  by  the  explosion 
of  one.  A  high  explosive  mine  is  much  more  liable  to 
sympathetic  explosion  than  one  charged  with  gunpowder. 
Five  hundred  pound  buoyant  gunpowder  mines  may  be 
anchored  within  100  ft.  of  each  other  without  danger  from 
this  cause,  while  those  of  blasting  gelatine  would  require 
an  interval  of  more  than  400  ft. 

After  all  the  preliminary  questions  have  been  settled, 
the  actual  planting  of  a  series  of  mines  is  by  no  means  an 
easy  task.  The  conditions  to  be  satisfied  are  many  and 
exacting.  The  more  important  of  these  conditions  are 
that  the  individual  mine  shall  maintain  its  position  ;  that 
it  shall  remain  at  an  effective  depth  at  all  stages  of  tide  ; 
that  its  explosion  shall  not  endanger  adjoining  mines  ; 
that  no  entanglement  of  the  cables  of  two  or  more  mines 
shall  be  possible,  and  that  it  shall  at  all  times  preserve  its 
invisibility.  If  the  mines  are  to  be  fired  by  observation, 
the  first  of  these  conditions  is  of  the  greatest  importance. 

Where  there  is  great  rise  and  fall  of  tide  the  difficulty 
of  maintaining  a  mine  at  a  proper  depth  can  well  be  un- 
derstood. Anchored  in  the  ordinary  way,  it  would,  at 
low  water,  either  float  upon  the  surface,  or  at  high  water 
be  too  deeply  submerged  to  be  elective.    To  overcome 
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this  difficulty.  Captain  Ruck,  of  the  Royal  Engineers,  has 
invented  an  ingenious  method  of  mooring,  as  shown  in 
fig.  17.  To  the  mooring  rope  of  the  mine  a  length  of  chain 
is  attached,  whose  links  vary  in  size  and  weight.  This 
passes  through  a  pulley  and  is  secured  at  the  other  end  to 
a  counterpoise  of  peculiar  construction.  As  the  tide  rises 
the  increased  water-pressure   upon   the   counterpoise   re- 


to  the  same  main  cable,  and  one  of  such  a  group  be  ex- 
ploded,  the  bared  end  of  the  broken  wire  is  likely  to  short 
circuit  the  main  current,  so  that  the  others  cannot  be  fired. 
To  guard  against  this,  a  disconnector,  or  cut-off,  is  intro- 
duced into  the  circuit  between  each  mine  and  the  main 
cable,  soarranged  that  upon  the  explosion  of  any  one  mine 
it  shall  be  cut  out  from  the  main  circuit.     These  are  of 


duces  its  buoyancy  and  the  mine  rises,  pulling  up  the 
chain.  As  the  tide  falls,  the  weight  of  the  chain  and  the 
increased  buoyancy  of  the  counterpoise  pulls  the  mine  down 
to  its  original  position.  The  position  of  the  mine  is  shown 
at  high  and  low  water. 

In  deep  channels  much  used  by  friendly  shipping  it  would 
be  unadvisable  to  plant  mines  in  advance  of  actual  hostil- 
ities, unless  some  way  were  devised  to  protect  them  against 
constant  collision  with  passing  vessels.  To  meet  this 
difficulty  Colonel  Bucknell  proposes  a  dormant  electro- 
contact  mine — something  after  the  pattern  shown  in  fig. 
18 — that  shall,  in  ordinary  times,  rest  upon  the  bottom 
of  the  channel,  but  at  the  proper  time  can  be  made  to  rise 
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toward  the  surface.  This  is  accomplished  by  doubling 
down  the  mine  rope  and  securing  it  near  the  mine  case 
to  its  own  or  a  second  anchor,  by  an  explosive  link  of 
brass  or  iron  tubing,  containing  a  small  bursting  charge 
and  an  electric  fuse,  which  can  be  fired  v^ithout  disturbing 
the  mine.  When  the  link  is  exploded,  the  mine  is  released 
and  rises  to  its  proper  position. 

The  size  of  mines  to  be  employed  and  the  manner  of 
grouping  vary  with  the  different  conditions  of  depth  of 
water,  width  and  character  of  the  waterway  to  be  de- 
fended. In  our  own  service,  where  a  considerable  area 
is  to  be  covered,  the  mines  are  arranged  in  grand  groups 
of  21,  subdivided  into  7  groups  of  3  each,  as  shown  in  fig. 
19.  This  represents  a  system  of  electro-contact  mines 
which  may  be  fired  at  will  or  arranged  to  fire  automat- 
ically upon  contact.  In  the  figure  a  a  a  are  the  triple 
junction-boxes  \  b  b  b  sincptC^re  cables  ;  c  the  grand  junc- 
tion-box, and  d  the  7-cared  cable  leading  to  the  firing  sta- 
tion. As  thus  arranged,  each  core  of  the  cable  controls 
a  group  of  three  mine.s/^nd  if  fired  from  the  shore  station 
the  group  of  three  must  be  fired  together.  Any  single 
mine  may  be  discharged  independently  by  contact  with  a 
passing  vessel.  The  system  might  be  so  arranged  as  to 
have  a  separate  wire  for  each  mine,  a  triple  cored  cable 
connecting  the  group  and  the  grand  junction-boxes. 

Junction  Boxes. — These  are  water-tight  boxes  of  cast 
iron,  of  any  suitable  shape,  usually  circular,  as  affording 
the  greatest  interior  space,  within  which  the  connection 
between  the  mine  wires  and  the  multip'e  cable  is  made. 
They  should  be  heavy  enough  to  serve  as  their  own  an- 
chor, be  in  some  accessible  place,  but  with  no  visible 
buoys  to  indicate  their  position  to  an  enemy. 
Disconnectors. — If  a  number  of  mines  are  connected  up 


a  number  of  different  patterns,  the  idea  in  them  all  being 
to  "  produce  simultaneous  rupture  at  two  different  points  in 
the  same  circuit."  The  cut-off  used  in  our  own  service  is 
a  low-tension  fuse,  identical  in  construction  with  that  used 
to  fire  mines,  except  that  the  detonating  cap  is  omitted, 
and  the  priming  chamber  closed  with  a  plug.  This  fuse 
forms  part  of  the  electrical  circuit  leading  to  the  mine,  and 
is  enclosed  in  a  water-tight  box.  so  that  when  ruptured  the 
shore  end  of  the  cable  becomes  insulated.  When  the 
mine  is  exploded  the  bridges  of  both  the  mine  and  the  cut- 
off fuse,  being  alike  in  all  respects,  are  simultaneously 
ruptured— it  being  understood  that  the  current  must  be 
strong  enough  io/use  the  platinum  bridges.  In  the  Eng- 
lish service  one  cut-off,  much  like  our  own,  is  used,  and 
in  another  the  wire  is  mechanically  broken  by  using  a  bit 
of  gun-cotton  in  the  cut-off  case.  The  cut-off  may  be 
placed  in  a  water-tight  case  of  its  own  and  anchored  near 
the  junction-boxes,  but  a  belter  arrangement  is  to  place  it 


within  the  junction-box.  Fig.  20  shows  how  this  may  be 
done.  The  cut  represents  a  circular  junction-box  for 
seven  cables,  a  a  a  being  the  individual  mine  cables,  b 
the  multiple  cable  leading  to  the  firing  station,  and  c  c  c 
the  cut-off  fuses.  The  manner  of  securing  the  cables  is 
by  means  of  a  collar  and  turk's-head,  as  shown. 

(to  be  continued.) 


THE  CHIGNECTO  SHIP  RAILROAD. 


The  ship  railroad  may  be  said  to  have  its  first  germ  in 
this  country,  in  the  inclined  planes  built  many  years  ago 
on  the  Morris  Canal  in  New  Jersey,  on  which  the  canal 
boats  were  floated  into  a  cage  or  crib  running  upon  wheels 
and  hoisted  up  the  inclined  plane  to  the  higher  level  of 
the  canal,  the  power  used  in  most  cases  being  the  over- 
flow of  water  from  the  upper  level.  This  plan  contained 
really  the  essential  idea  of  the  ship  railroad,  and  in  later 
times  engineers  have  developed  the  idea  and  proposed  its 
application  in  a  number  of  cases.  Notable  among  these 
was  the  plan  of  the  late  Captain  Eads  for  a  line  across 
the  Isthmus  of  Tehuantepec,  which  was  so  ably  advo- 
cated by  its  distinguished  author.  Various  circum- 
stances have  contributed  to  prevent  the  construction  of 
any  of  the  proposed  lines,  but  the  first  ship  railroad  on  a 
large  scale  is  now  approaching  completion  in  Canada. 

This  railroad  extends  across  the  Chignecto  Isthmus, 
which  connects  New  Brunswick  and  Nova  Scotia,  and  runs 
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from  Amherst,  which  is  at  the  head  of  Chignecto  Bay,  the 
western  arm  of  the  Bay  of  Fundy,  to  a  point  on  Baie 
Vcrte,  an  arm  of  the  Northumberland  Straits.  For  many 
years  some  method  ot  passing  ships  across  this  Isthmus 
has  been  talked  about,  and  indeed  some  communication 
would  naturally  suggest  itself  to  any  one  who  studied  the 
map.  At  its  narrowest  part  it  is  only  17  miles  across, 
whereas  a  vessel  leaving  Amherst  for  a  point  on  the  Straits 
or  in  Cape  Breton  or  Prince  Edward  Island  has  to  under- 
take a  voyage  of  from  400  to  500  miles,  passing  the  pro- 
verbially dangerous  coast  of  Nova  Scotia. 

The  first  proposition  was  for  a  canal,  but  while  the 
nature  of  the  ground  was  not  unfavorable,  an  obstacle 
was  presented  by  the  difference  in  tide  levels.  The  Bay  of 
Fundy  is  21  ft.  higher  than  Baie  Verte  at  high  tide  and 
18  ft.  lower  at  low  tide,  the  extreme  variation  in  the  tides 
at  the  head  of  the  former  being  36^  ft.,  and  in  the  latter 
only  Si  f^-  T^^  great  variation  and  the  rapid  rise  and  fall 
of  the  tides  in  the  Bay  of  Fundy  are  well  known,  and 
would  present  a  serious  obstacle  to  the  opening  of  the 
canal  intn  that  body  of  water. 

The  construction  of  the  Chignecto  line  is  largely  due  to  a 
Canadian  engineer,  Mr.  Henry  E.  Ketchum,  who  first 
proposed  the  ship  railroad  in  1875,  ^^^  who,  by  his  per- 
sistent arguments  in  its  favor,  secured  support  from  vari- 
ous influential  bodies  in  Canada.  In  1882  the  scheme  was 
brought  before  the  Canadian  Parliament  and  provision 
was  then  made  for  a  subsidy,  the  amount  of  which  was 
fixed  at  $170,300  yearly  for  20  years.  Mr.  Ketchum's 
plans  and  estimates  were  submitted  to  the  engineers  em- 
ployed by  the  Dominion  of  Canada,  and  later  to  Sir  John 
Fowler  and  Sir  Benjamin  Baker,  the  well-known  English 
engineers,  and  secured  their  approval,  and  to  them  in 
conjunction  with  Mr.  Ketchum  was  finally  committed  the 
execution  of  the  work.  The  land  necessary  for  the  rail- 
road was  given  by  the  local  authorities,  and  in  1886  a  con- 
tract for  the  construction  of  the  railroad  was  let  to  the 
firm  of  John  G.  Meiggs  £c  Son,  who  began  work  in  the 
autumn  of  1888. 

The  general  situation  and  relations  of  the  ship  railroad 
are  shown  in  the  accompanying  sketch  map.  The  traffic 
which  it  will  carry  will  undoubtedly  be  large,  and  vessels 
of  considerable  size  are  expected  to  pass  over  it. 

The  distance  from  the  head  of  the  Cumberland  Basin  at 
Amherst  to  the  terminus  at  Tidnish  on  Baie  Verte  is  17 
miles.  The  ground  is  generally  low,  and  on  the  final 
location  it  was  found  possible  to  make  the  railroad  per- 
fectly straight  without  any  very  heavy  works.  One  cutting 
is  required  of  no  very  great  depth,  but  of  considerable 
length,  while. the  heaviest  bridge  work  was  at  the  crossing 
of  the  Tidnish  River.  The  grades  are  not  heavy,  the  road 
being  for  the  most  part  level,  while  there  is  no  grade 
exceeding  10  ft.  to  the  mile.  The  first  necessity  in  a  rail- 
road of  this  kind  is  to  secure  a  solid  roadbed,  and  the  only 
difficulty  here  was  in  crossing  the  Tantramar  Swamp, 
where  rock  filling  was  employed,  and  the  line  was  brought 
up  to  a  level  of  about  8  ft.  above  the  surface,  the  amount 
of  filling  used  being  sufficient  to  leave  no  doubt  that  it 
entirely  displaced  the  soft  mud  and  rested  upon  solid  bot- 
tom. At  one  other  point  a  small  swamp  was  crossed,  and 
there  the  mud  was  excavated  to  hard  bottom  before  filling 
in  for  the  road-bed. 

The  railroad  is  constructed  with  the  intention  of  carry- 
'"?  ships  of  1. 000  tons  register  or  2.000  tons  displacement. 
The  car  or  crib  carrying  the  ships  runs  upon  two  tracks 
of  the  ordinary  standard  gauge,  which  are  spaced  18  ft. 
center  to  center.  The  rails  used  for  these  tracks  are 
probably  the  largest  yet  made,  weighing  no  lbs,  to  the 
yard  ;  they  are  6J  in.  in  height  and  the  joints  and  fasten- 
ings are  made  heavy  in  proportion.  The  ties  are  of  pine 
7X12  in.  and  9  ft.  long  ;  at  the  joints  ties  27  ft.  in  length 
are  used,  connecting  all  four  rails.  The  track  will  be  bal- 
lasted with  stone  throughout.  The  rails  and  all  the  track 
materials  were  supplied  by  Cammell  &  Company,  of  Shef- 
neld.  England.  The  car  will  require  two  locomotives  to 
th  ^  '*  a*  a  speed  of  10  miles  an  hour,  which  is  considered 
jne  highest  that  could  safely  be  adopted.  Four  locomo- 
"ve  tank  engines  of  the  Decapod  pattern  are  being  con- 
^ructed    for  the   railroad    by   the   Canadian   Locomotive 

orks  at  Kingston.     In  operation  one  of  these  locomotives 


will  run  upon  each  track,  and  when  necessary  two  can  be 
placed  upon  each. 

The  most  important  works  in  connection  with  a  railroad 
of  this  kind  are  the  docks  at  either  end  and  the  lifting 
apparatus,  by  which  the  ships  are  to  be  placed  in  the 
cribs.  The  receiving  dock  at  the  Amherst  terminus  is 
excavated  from  the  land  ;  at  the  Tidnish  terminus  it  is 
built  out  into  the  sea.  They  are  both  of  about  the  same 
dimensions,  500  ft.  long,  300  ft.  wide,  and  40  it  deep, 
capable  of  holding  from  6  to  10  vessels,  according  to  the 
size.  The  lifting  docks,  which  connect  with  the  receiving 
basins,  are  250  ft.  long  and  60  ft.  wide,  and  are  con- 
structed of  solid  masonry.  The  dimensions  adopted  are 
sufficient  for  the  largest  side-wheel  steamers  now  in  use 
on  Northumberland  Straits  or  on  the  Bay  of  Fundy.  The 
seaward  end  of  the  receiving  dock  at  Amherst  will  be 
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closed  by  gates  in  order  to  retain  the  water  after  the  fall 
of  the  tide  and  to  keep  it  at  about  the  same  level.  Each 
of  the  lifting  docks  is  provided  with  a  ship  lift  or  elevator 
worked  by  20  hydraulic  presses,  19  on  each  side,  the 
powerful  machinery  for  which  was  manufactured  by  the 
ftrm  of  Easton  &  Anderson,  London,  England. 

The  gridiron  or  crib,  which  is  somewhat  similar  to  a 
bridge  floor  and  is  really  a  movable  section  of  the  railroad, 
has  placed  upon  it  the  cradle,  which  is  carried  upon  trucks 
of  peculiar  design,  especially  prepared  to  stand  the  heavy 
weights  required  from  them.  There  are,  of  course,  two 
sets  of  these  trucks  intended  to  run  upon  the  two  tracks  of 
the  railroad.  The  gridiron  with  the  cradle  upon  it  being 
lowered  to  the  bottom  of  the  lifting  dock,  the  vessel  is 
floated  in  and  placed  precisely  over  the  cradle,  which  is 
then  raised  to  the  level  of  the  keel,  where  the  supporting 
blocks  are  fitted  accurately  to  the  bottom.  When  it  is 
thus  in  position,  the  hydraulic  pumps  will  be  started,  and 
in  about  10  minutes  the  gridiron  will  be  lifted  .to  the  level 
of  the  track  with  which  its  own  rails  coincide.  When  it 
reaches  this  level  it  will  be  locked  by  proper  fastenings  to 
the  track  and  to  th-e  sides  of  the  dock,  and  the  cradle  drawn 
from  the  gridiron  to  the  land  by  hydraulic  capstans.  The 
locomotives  will  be  then  attached  to  the  car  with  the  ship 
upon  it,  and   ready  to  proceed  to  the  other  end   of  the 
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ailroad.     Here  the  processes  will   be   exactly   reversed. 
The  car  being  run  upon  the  gridiron,  it  will  be  then  lowered 

tlie  bottom  of  the   lifting  dock  and  the  ship  floated  off 
anfl  out  into  the  receiving  dock. 

A  traverse  table  will  be  provided  near  the  middle  point 
of  the  line,  so  that  two  cars  can  pass  and  two  ships  can 
be  upon  the  track  at  once.  The  cradles  are  so  arranged 
that  ihey  can  be  fittea  to  carry  two  or  three  small  vessels 
at  one  trip.  These  cradles  or  cars  are  now  being  manu- 
factured in  England  at  the  works  of  Handyside  &  Com- 
pany in  Derby.         ,      ^     ^       .        ,      ^ 

As  already  noted,  the  heaviest  land  works  were  the 
heavy  cutting  near  Tidnish,  which  is  now  completed,  and 
which  was  about  two  miles  long,  and  the  stone  arch  bridge 
over  the  Tidnish  River.  The  road-bed  having  a  uniform 
witUh  of  40  ft.,  this  cut  required  the  removal  of  about 
500,000  cub.  yds.  The  other  heavy  land  work  was  at  the 
Tantramar  Swamp,  where  a  large  amount  ot  filling  was 
required.  The  most  important  works  in  an  engineering 
point  of  view  are  the  docks.  At  the  Tidnish  end  it  was 
found  necessary  to  construct  a  cofferdam  for  laying  the 
masonry  of  the  lifting  dock.  The  outer  or  receiving  dock 
at  that  point  is  formed  ot  round  timber  cribs  filled  with 
rock  and  surrounded  by  piles  of  square  timber,  12x12 
in.  in  size.  The  upper  part  or  bulkhead  is  of  hewn  timber 
filled  in  with  stone.  The  basin  within  these  docks  is 
dredged  out  to  a  depth  of  20  ft.  at  low  water.  The  re- 
ceiving dock  here  is  an  open  basin,  no  gates  being  required, 
as  at  the  Amherst  end,  on  account  ot  the  comparatively 
slight  variation  of  the  tide.  At  the  Amherst  or  Bay  of 
Fundy  end  the  receiving  dock  is  excavated  from  the  land, 
and  is  provided  with  masonry  walls  and  lock  gates,  as 
already  noted.  > 

The  present  condition  of  the  work  promises  an  early 
completion.  The  Tidnish  docks  are  nearly  finished  ;  the 
Amherst  docks  are  well  advanced  ;  the  tracks  are  laid  the 
greater  part  of  the  distance  across  the  Isthmus,  and  the 
heavy  cutting  and  filling  is  all  done.  The  contractors 
expect  to  have  the  entire  work  completed  by  October  next, 
so  that  the  first  ship  railroad  on  a  large  scale  may  be  in 
operation  before  the  close  of  the  present  year.  Of  its  suc- 
cess as  an  engineering  work  there  can  be  no  doubt. 
Financially  there  are  also  fair  prospects  of  its  success. 
The  whole  cost  of  the  work  will  be  about  $5,500,000  ;  the 
operating  expenses  of  the  railroad  are  estimated  at  $1 50,000 
a  year.  If  only  a  small  percentage  of  the  Canadian  coast- 
ing trade  passes  over  the  railroad,  the  returns,  with  a 
moderate  toll,  will  be  sufficient  to  pay  the  operating  ex- 
penses and  a  reasonable  interest  on  the  cost,  while  the 
Dominion  subsidy  will  be  available  for  20  years.  Not 
only  will  the  trade  from  St.  John  and  the  lower  ports  of 
the  maritime  provinces  to  the  St.  Lawrence  pass  this  way, 
but  it  is  thought  that  coal  vessels  from  Cape  Breton  will 
find  it  to  their  advantage  in  many  cases  to  take  this  route 
instead  of  the  dangerous  Atlantic  voyage. 

The  prospective  success  and  the  approaching  completion 
of  this  work  has  led  to  the  formation  of  plans  for  others 
of  the  same  kind.  The  most  extensive  scheme  is  for  a 
ship  railroad  from  a  point  on  Georgian  Bay  to  Lake  On- 
tario, which  will  enable  vessels  to  avoid  the  long  detour 
through  Lake  Huron,  Lake  Erie,  and  the  Welland  Canal. 
This,  however,  seems  to  be  still  very  much  in  the  future, 
as  the  great  cost  of  so  long  a  railroad  will  prevent  its  con- 
struction, or  at  least  postpone  it  for  a  long  time  to  come. 


TANK  LOCOMOTIVE  FOR  SUBURBAN  TRAFFIC. 


The  accompanying  illustration,  from  the  Railway  En- 
i^incer,  shows  a  tank  engine  designed  by  Mr,  E.  B.  Car- 
roll. Locomotive  Superintendent  of  the  Bombay,  Baroda 
•^^^"^ral  India  Railroad,  for  working  the  surburban  traffic 
0!  that  road  out  of  Bombay,  which  is  very  heavy.  The  en- 
gines were  built  by  the  Vulcan  Foundry  Company,  of 
Newion-le-Willows.  England.  The  suburban  trains 
usually  consist  of  12  cars,  each  27  ft.  in  length,  built  on  the 
ij-nglish  pattern,  and  are  fitted  with  vacuum  brakes.  The 
distance  run  is  10  miles,  with  stations  averaging  three- 
quarters  of  a  mile  apart,  so  that  an  engine  which  can  start 
Jjuickly  is  needed  for  the  work.  The  road  is  level,  but 
nas  some  sharp  curves. 


The  pattern  of  engine  adopted,  as  will  be  seen  from  the 
engraving,  has  four  driving-wheels  coupled,  with  inside 
cylinders,  and  two  bearing  axles,  one  under  the  smoke- 
box  and  the  other  under  the  rear  tank.  These  bearing 
wheels  are  fitted  with  radial  axle-boxes  of  the  pattern  used 
by  Mr,  Webb  in  England,  giving  the  engine  considerable 
flexibility.  The  cylinders,  as  before  slated,  are  inside, 
with  the  steam-chests  on  the  side,  so  that  the  two  steam- 
chests  come  back  to  back  in  the  center.  Water  is  carried 
in  two  side  tanks  and  in  a  rear  tank,  and  fuel  in  the  box 
over  the  tank  on  the  back  end  of  the  frame.  The  frames 
are  of  the  plate  type,  and  are  carried  back  behind  the  fire- 
box to  support  the  tank.  The  engine  is  not  provided  with 
a  close  cab  on  account  of  the  great  heat  ot  the  climate, 
but  with  simply  a  roof  supported  by  steel  rods  rising  from 
the  tanks. 

The  boiler,  which  is  of  steel,  is  48  in.  diameter  of  bar- 
rel, and  has  168  tubes  2  in.  in  diameter  and  10  ft.  3  in. 
long.  The  fire-box,  which  is  of  copper,  is  49^  in,  long 
and  48i  in.  wide,  and  its  extreme  depth  is  62  in.  The 
heating  surface  is  :  Fire-box.  91. 5  sq,  ft.;  tubes,  901.5  sq. 
ft.;  total,  993  sq.  ft.  The  grate  area  is  63.8  sq.  ft.  The 
fire-box  is  of  copper,  and  the  crown-sheet  is  held  up  by 
steel  stays.  The  tubes  are  of  brass.  The  gauge  of  the 
road  is  5  ft.  6  in,,  this  allowing  an  unusual  width  to  the 
fire-box.  There  is  one  long-stroke  pump  and  a  Gresham 
&  Craven  injector. 

The  four  driving-wheels  are  60  in.  in  diameter,  and  the 
leading  and  trailing  wheels  are  42  in.  The  distance  be- 
tween centers  of  driving-wheels  is  7  ft.  3  in.,  and  the  total 
wheel  base  of  the  engine  is  20  ft,  9  in.  The  driving-axles 
have  journals  7  in,  diameter  and  9  in,  in  length.  The 
steel  plate  of  the  frames  is  i  in.  in  thickness.  The  axle- 
boxes  are  of  cast  steel. 

The  cylinders  are  17  in.  in  diameter  by  24  in,  stroke. 
The  steam-ports  are  i|  in.  X  14  in.,  and  the  exhaust  ports 
4  in,  X  14  in.  The  valves  have  li  in,  lap  and  4  \\  in. 
maximum  travel.  The  valve  gear  is  of  the  Allan  straight 
link  type. 

The  side  tanks  hold  200  gals,  each,  and  the  end  tank 
400  gals.;  the  total  amount  of  water  carried  is  thus  800 
gals.,  and  the  fuel-box  will  hold  2|  tons  of  coal.  The 
total  weight  of  the  engine  in  working  order  and  with  tanks 
full  is  101,000  lbs.,  of  which  55,800  lbs.  are  carried  on  the 
driving-wheels  and  42,200  lbs.  on  the  four  bearing-wheels. 

These  engines,  it  is  said,  run  very  steadily,  and  have 
worked  remarkably  well  for  the  peculiar  traffic  for  which 
they  were  intended.  It  will  be  seen  that  brakes  are  fitted 
to  the  driving-wheels.  The  engines  are  fitted  with  a  pilot 
at  each  end,  and  are  not  turned  at  the  end  of  the  run.  In 
service  they  are  kept  pretty  steadily  at  work,  being  allowed 
but  little  time  between  runs.  The  average  coal  consump- 
tion of  one  of  them  for  nine  months,  with  the  train  above 
noted,  was  32  lbs,  per  mile. 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING. 


By  M.  N.  Forney. 


(Ctntinued  from  page  88.) 


CHAPTER  Vin. 


THE   DELINEATION   OF   ANGLES. 


The  methods  of  laying  out  angles  were  fully  described  in 
Chapter  III.  Some  illustrations  of  the  use  of  those  methods 
will  be  given  here. 

Fig.  223  represents  a  section  of  a  railroad  rail  drawn  full  size. 
In  drawing  this  the  first  step  is  to  lay  down  a  vertical  center 
line,  A  B.  At  any  convenient  point,  as  B,  near  the  lower  end 
of  A  B,  draw  a  horizontal  line  c  d,  to  represent  the  bottom  of 
the  rail.  From  the  intersection  B  oi  A  B  with  c  d  lay  off  the 
width  c  d  oi  the  base  of  the  rail,  and  its  height  B  A,  each  equal 
to  4I  in.  It  will  be  noticed  that  the  top  of  the  rail  head  is 
curved,  the  curve  being  drawn  with  a  radius  of  10  in.  With 
this  radius  find  a  center  on  the  vertical  center  line  A  B  extended 
below  B,  at  a  distance  of  10  in,  from  //,  and  draw  the  curve  e  f. 

The  width  of  the  top  of  the  head  of  the  rail,  it  will  be  seen,  is 
2|  in.  Lay  off  half  this  dimension  on  each  side  of  A,  and  draw 
vertical  pencil  lines  ^'^  h  and^'  h' .  The  curves  of  the  two  upper 
corners  of  the  head  are  arcs  of  circles  of  ^  in,  radii.     With  this 
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Rail  Section,  72  lbs.  per  Yard. 
Full  Size. 

Fig.  223. 

radius  the  curves  should  be  drawn  tangent  io  e  /  and  X.o  g  h 
and^'  h'. 

It  will  also  be  seen  that  the  lower  portions  z  /  and  i'  f  of  the 
head  are  drawn  at  angles  of  20  to  the  horizontal  line  k  I,  which 
intersects  the  vertical  line  A  B  at  m,  and  that  the  distance  of  m 
from  A  is  if  in.  Therefore,  from  A  lay  off  the  point  m  on 
A  B,  and  draw  the  horizontal  line  k  I  through  this  point.  Then, 
referring  to  fig.  41,  take  from  it  the  radius  A  c,  and  from  m  as 
a  center  draw  with  this  radius  indefinite  arcs  k  n  and  k'  n'. 
Having  done  this,  take  from  fig.  41.  with  a  pair  of  dividers, 
from  ^,  on  the  circumference  of  the  large  circle,  the  distance 
to  the  point  marked  20,  or  20'  of  the  circumference,  and 
lay  this  off  from  k  and  t^  to  n  and  «'.  Then,  from  m  draw  in  n 
and  m  n'.     These  lines  will  then  be  at  an  angle  of  20  with  k  k' . 

The  sides  of  the  head  of  the  rail,  it  will  be  seen,  slope  inward 
from  the  too,  so  that  the  lower  part  of  the  head  is  narrower  than 
the  top.  The  width  below  is  2^  in.  This  may  be  laid  off  from 
m  on  k  k',  and  vertical  lines  /  i  and  /'  i'  should  be  drawn 
through  /'and  /'.  As  the  lower  corners  of  the  rail  are  rounded 
with  curves  of  ^^  in.,  these  should  be  drawn  tangent  to  (  /  and 
H  m  and  to  i'  I'  and  m  «'.  The  curves  of  the  upper  corners  and 
those  of  the  lower  ones  may  then  be  united  by  the  lines  o  i  and 
o'  i'. 

The  stem,  or  web,  W  of  the  rail  is  \  in.  thick,  and  is  repre- 
sented by  two  vertical  straight  lines. 

The  top/  rand/  r*,  it  will  also  be  seen,  is  drawn  at  an  angle 
of  9°  to  the  horizontal  line  s  s'  which  intersects  A  C  aX  r,  which 
is  W  in.  above  the  bottom  of  the  base  at  C.  These  angulated 
lines  may  be  drawn  in  the  manner  already  described.  The  lower 
portion  of  the  head  is  then  united  to  the  web  with  curves  drawn 
with  ^  in.  radius,  and  the  top  of  the  base  is  also  united  to  the 
stem  or  web  with  curves  drawn  with  f  in.  radius.  Rounding 
the  outer  corners  of  the  base  with  curves  drawn  with  ^g  in. 
radius  completes  the  section. 


In  ruling  the  section  of  the 
rail,  the  lines  should  be  drawn 
further  apart  than  they  are 
shown  in  the  engraving;  if  drawn 
in  this  way  it  will  require  less 
time  and  skill  to  do  it  neatly,  and 
will  answer  the  purpose  equally 
well,  or  better  than  the  fine 
ruling  will. 

PLOTTING   SURVEYS. 

In  measuring  the  surface  of 
ground  the  direction  of  the  lines 
are  always  ascertained  by  means 
of  a  surveyor's  compass.  Lines 
running  north  and  south  are 
assumed,  and  such  lines  are 
called  meridians.  A  line  traced 
or  measured  on  the  ground  is 
called  a  course ;  and  the  angle 
which  this  line  makes  with  the 
meridian  passing  through  the 
point  of  beginning  is  called  the 
bearing.  Thus,  let  the  line  N  S, 
fig.  224,  represent  a  meridian. 
Then,  if  we  start  from  the  point 
A  and  measure  in  the  direction 
A  B,  the  line  A  B  is  the  course, 
and  the  angle  N  A  B  is  the 
bearinj^ . 

When  the  course,  like  A  D, 
falls  between  the  north  and  east 
points,  the  bearing  is  read,  north 
46°  east^  and  is  written,  N.  46" 
E.  That  implies  that  the  direc- 
tion of  the  line  from  its  point  of 
beginning  is  northward  and 
eastward,  and  that  the  angle 
N  A  B  =  46°. 

When  the  course,  like  A  C, 
falls  between  the  north  and  west 
points,  the  bearing  is  read,  north 
30"  west,  and  is  written,  JV.  30 
IV.  This  implies  that  its  direc- 
tion is  northward  and  westward, 
and  the  angle  N  A  C  =  3°  • 
When  the  course,  like  A  F.  talis 
between  the  south  and  east 
points,  the  bearing  is  read,  south 
70  east,  which  is  written,  S.  70° 
,  E..  and  the  angle  S  A  F  =  7<^'- 

When  the  course,  like  A  D,  falls 
between  the  south  and  west  points,  the  bearing  is  read,  south  60' 


west,  and  is  written,  S.  60°  IV.,  and  the  angle  D  A  S  =  (^  • 
A  course  which  runs  due  north  or  due  south  is  designated  by 
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the  letter  JV.  or  S.,  and  one  which  runs  due  east  or  due  west  by 
the  letter  £.  or  JF* 

Let  it  be  supposed  now  that  we  have  a  piece  of  land  bounded 
and  described  as  follows  :  Beginning  at  a  stone  for  a  corner,  at 
I,  fig.  225,  N.  3ii'  W.,  ten  chains  to  a  white  oak  tree,  at  2  ; 
thence  N.  62|°  E.  9.25  chains  to  a  post  ;  thence  S.  36°  E.  7.60 
chains  to  a  boundary  stone  at  3  ;  and  thence  S.  45  ^  W.  10.40 
chains  to  the  place  of  beginning. 

To  make  a  plan  of  such  a  piece  of  land,  or  \o plot  it,  as  it  is 


Fig.  225. 

called,  first  fix  upon  a  scale — in  the  present  instance  J  in.  =  i 
chain.  Then,  through  the  point  ot  beginning  i,  draw  a  straight 
line  rt  I,  to  represent  a  meridian,  or  north  and  south  line.  From 
I  lay  off  the  angle  a  i  b  ■=  the  bearing  on  the  left  or  west  side 
of  the  meridian,  above  or  north  of  i,  and  measure  off  the  first 
distance  or  course  i  2  equal  to  10  chains  on  the  line  i  b  extended. 
Then  draw  another  line  or  meridian  2  c  through  2  and  parallel 
to  I  a,  and  lay  off  the  angle  c  2  d  north  and  east  of  2  f  —  62|  = 
the  second  bearing,  and  measure  off  on  2d  extended  the  dis- 
tance 2  3,  9.25  chains  —  the  second  course.  Through  3  draw 
the  meridian  3  e  and  proceed  as  before,  noting  that  as  the  third 
bearing  is  S.  and  E.,  that  the  angle  e  3  f  must  be  laid  off  be- 
low or  south,  and  on  the  right-hand  side  or  east  of  3.  The 
meridians  must,  of  course,  all  be  parallel  to  each  other.  Or- 
dinarily, lines  drawn  perpendicular  to  the  lower  edge  of  the 
paper  are  the  most  convenient  for  the  representation  of  merid- 
ians, but  this  is  not  essential. 

When  the  last  course,  4  i,  is  drawn,  it  should  join  the  first 
and  last  stations  4  and  i.  If  it  does  not,  and  there  is  an  open 
space  between  i  and  the  extremity  of  the  last  course,  it  shows 
that  there  is  either  an  error  in  the  measurement  of  the  land  or 
in  the  drawing.  Methods  of  correcting  errors  in  the  measure- 
ment of  land  are  given  in  the  books  on  surveying,  to  which 
those  in  search  of  further  information  on  the  subject  are  re- 
ferred. 

CHAPTER   IX. 

TITLES  AND   LETTERING. 

A  drawing  should  always  have  a  descriptive  title,  the  scale 
to  which  it  is  made  and  the  date  when  it  was  finished  distinctly 
inscribed  on  it.  Each  of  these  is  important,  although  at  the 
time  the  drawing  is  completed  it  may  not  appear  so.  The  stu- 
dent will  realize  this  if  he  has  occasion  to  make  use  of  old  draw- 
ings, decipher  their  meaning  or  ascertain  what  they  represent. 
When  they  have  just  been  completed,  all  this  information  is 
fresh  in  the  minds  ot  those  interested,  or  can  be  easily  learned  ; 
but  in  time  all  recol'ection  of  them  will  have  faded  away  or 
literally  be  buried  with  those  who  were  possessed  of  the  knowl- 
edge. It  is  often  of  the  utmost  importance  to  know  whether  a 
drawing  represents  a  part  of  one  machine  or  a  part  of  another. 

*  John   Maxton,  engineer,  in  "  The  Workman's   Manual  of  Engineering 
Drawing." 


If  no  dimensions  are  given,  it  is  difficult,  and  sometimes  impos- 
sible, to  ascertain  the  scale  to  which  a  drawing  was  made,  and 
often  the  date  is  of  vital  importance.  This  is  especially  the  case 
with  patent  drawings.  A  draftsman  should  make  it  a  rule  never 
to  allow  a  drawing  to  leave  his  hands  without  putting  a  title, 
the  scale,  and  the  date  on  it.  If  he  is  loo  busy  to  give  more 
than  a  very  little  time  to  it,  he  should  write  it  on  with  a  pen  or 
pencil  hastily.  This  may  be  of  great  importance  in  the  future. 
The  style  of  the  lettering  is  very  seldom  a  matter  of  much  conse- 
quence, but  that  the  exact  object  represented,  the  scale,  and 
date  should  be  known  is  often  of  vital  importance. 

With  reference  to  the  subject-matter  of  titles,  no  general  di- 
rections can  be  given.  In  this  the  student  must  be  guided  Ly 
his  own  common  sense  and  perspicuity.  The  title  of  a  drawing 
should  always  be  capable  of  conveying  to  a  person  without 
more  than  a  general  knowledge  of  it  exactly  what  it  represents. 
The  date  and  scale  are  usually  given  on  a  line  below  the  title. 

As  remarked  by  a  writer*  on  this  subject,  the  plainer  the  let- 
tering on  a  mechanical  drawing  the  better.  Most  young  drafts- 
men, in  the  exuberance  of  youth,  are  ambitious  to  add  highly 
ornate  titles  to  their  finished  drawings.  This  is  a  juvenile  mal- 
ady which  it  is  perhaps  not  always  best  to  check,  and  which 
leaves  no  ill  effects  after,  but  is  sure  to  disappear  in  the  com. 
panionship  of  hard  work.  While  elaborate  lettering  is  not  to 
be  recommended,  it  is  also  true  that  if  it  is  carelessly  or 
awkwardly  done  it  detracts  very  much  from  the  merits  of  a 
good  drawing. 

As  mechanical  drawings  are  constructed  in  accordance  with 
strict  geometrical  rules,  the  lettering  on  them  should  have  a 
similar  character.  For  this  reason  what  are  known  as  Gothic 
letters  are  the  most  suitable,  of  which  examples  are  given  in  the 
sample  alphabets  herewith.  The  style  which  can  be  done  most 
quickly  and  easily  is  what  is  known  as  '*  slant  Gothic"  No.  8, 
For  outline  drawings,  outline  letters,  similar  to  No.  7,  look 
well,  as  they  are  less  conspicuous  than  those  which  are  drawn 
in  solid  black.  Italic  letters  are  more  easily  drawn  with  an 
ordinary  writing  pen,  if  a  person  once  acquires  the  skill  to  make 
them  neatl^.  The  **  bulletin"  letters.  No.  10,  can  also  be  made 
quickly. 

In  lettering,  rules  will  be  found  to  be  of  little  use.  Neat  work 
is  chiefly  dependent  upon  skill,  as  ordinary  writing  is,  and  that, 
in  turn,  is  usually  the  result  of  practice,  although  natural  apti- 
tude has  much  to  do  with  it.  It  has  been  remarked  that  skill 
in  lettering  and  a  good  ear  for  music  are  usually  found  in  the 
same  person. 

If  lettering  is  to    be  done  neatly  two   parallel  pencil  lines 


llaiT  Scctioji^ 


"RAIL^ECTIONT 


Fig.  226. 


should  be  ruled  to  define  the  height  of  the  large  letters,  and  if 
small  ones  are  used,  another  line  should  be  drawn  between  the 
two  for  their  height,  as  in  fig.  226.  If  Gothic  letters  are  used,  or 
any  other  style  the  outlines  of  which  are  straight  lines,  which 
can  be  drawn  with  a  ruling  pen,  they  should  be  sketched  in  with 
a  pencil,  the  spacing  and  proportions  of  the  letters  being  done 
with  the  eye.  The  outlines,  or  those  consisting  of  straight  lines, 
can  then  be  drawn  with  a  ruling  pen.  Italic  and  most  other 
styles  of  letters"  excepting  Gothic  must  be  drawn  with  an  or- 
dinary writing  pen,  although  it  is  often  well  to  sketch  them  in 
first  with  a  pencil,  so  as  to  get  their  spacing  and  position  right. 
'  It  usually  happens  that  a  title  must  be  placed  in  a  central 
position  on  a  drawing,  and  that  it  will  look  much  better  if  its 
beginning  and  ending  are  at  equal  distances  from  a  center  line. 
To  accomplish  this,  count  all  the  letters  in  the  title  and  count 
the  spaces  between  the  words  as  so  many  letters.  Then  ascer- 
tain the  middle  letter  or  space,  and,  beginning  with  that,  place 
it  on  the  center  line,  or,  if  there  are  an  even  number  of  letters, 
place  the  middle  space  between  the  letters  on  the  center  and 
sketch  in  the  title  with  a  pencil  from  the  middle  to  the  end. 
Then  lay  off  the  distance  from  the  middle  to  the  end  on  the  left 
side  of  the  center,  and,  beginning  from  the  point  thus  laid  off, 
sketch  in  the  first  part  of  the  title.  The  scale  and  the  date  an<' 
if  there  is  anything  else  included  in  the  title  should  be  laid  off 
in  a  similar  way,  so  as  to  be  symmetrical.  When  this  is  done, 
the  lettering  may  be  finished  with  ink.  For  fine  lettering? 
Gillott's  No.  303  Extra  Fine  writing  pens  are  very  good. 

To  become  skillful  in  lettering,  the  student  must  practise  the 
art.  He  should  take  a  sheet  of  paper,  and,  after  ruling  it  so  as 
to  give  the  size  of  the  letters,  imitate  some  or  all  of  the  alpha- 
bets given  herewith.  In  this,  as  in  many  other  things,  the  old 
adage,  "  if  at  first  you  don't  succeed,  try,  try  again,"  is  the 
best  instruction. 


*  Davies's  "Surveying." 
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THE    RAILROAD    AND 


[March,  1891. 


A  number  of  alphabets  are  given  herewith  ;  space  prevents  our 
giving  more  in  this  number,  but  others  will  be  given  hereafter. 

(to  be  continued.) 


Tests  of  Varnish. 


(Paper  read  before  the  Master  Car  &  Locomotive  I'ainters'  Association,  by 
Mr.  A.  T.  Schroeder,  Master  Car  Painter,  Chicago,  Milwaukee  &  St.  Paul 
Railroad.) 


Mr.  J.  N.  Barr,  our  Superintendent  of  Motive  Power,  being 
of  the  conviction  that  it  was  the  only  way  to  arrive  at  conclu- 
sions in  adopting  standard  material,  instructed  me  to  test  all  of 
our  paint  material,  and,  as  varnish  is  one  of  the  most  important 
materials,  it  was  concluded,  in  order  to  obtain  the  relative 
merits  of  the  various  varnishes,  to  finish  every  car,  wherever 
practicable,  with  two  varnishes  ;  that  is  to  say,  one-half  of  the 
car  with  one  brand,  the  other  half  with  another  brand,  in  such 
a  way  that  every  long  side  of  a  car  should  show  the  two  var- 
nishes as  they  meet  in  the  center.  Thus  it  would  be  plainly 
demonstrated  by  the  material  itself  which  of  the  two,  in  a  cer- 
tain length  of  time,  would  prove  to  be  preferable. 

From  the  fall  of  1886  to  the  close  of  1889  more  than  200  cars 
were  finished  in  this  way,  and  altogether  17  different  brands 
applied.  It  was  clearly  demonstrated  that  several  of  these,  to 
put  it  mildly,  were  not  at  all  adapted  for  that  purpose,  and  they 
consequently  had  to  be  discarded  ;  finally  the  brands  were  re- 
duced to  a  limited  number,  and  one  of  these,  which  had  proved 
so  far  to  be  the  best  one  in  all  respects,  was  put  in  competition 
with  all  the  remaining  ones.  Up  to  now  we  have  not  arrived 
at  a  final  conclusion,  because  of  the  many  circumstances  to  be 
taken  into  consideration,  but  during  my  experience  in  testing 
varnish  in  this  manner  facts  were  revealed  of  which  I  never 
heretofore  dreamed. 

Our  standard  for  sleeping,  dining  and  parlor  cars  is  Pullman 
color  ;  the  ornamentation  applied  on  the  flat  paint  and  the  car 
then  finished  with  one  coat  of  rubbing  and  two  coats  of  finish- 
ing varnish.  Passenger,  baggage  and  other  cars  are  painted 
yellow,  last  coat  varnish  color,  of  the  formula  of  i  lb.  paste 
body  color,  i^  lbs.  rubbing  varnish  and  2  oz.  turpentine  ;  then 
ornamented  and  finished  with  two  coats  finishing  varnish. 

At  the  suggestion  of  Mr.  Barr  we  took  a  few  cars  and  var- 
nished them  with  one  brand  for  the  whole  car,  but  used  for  one- 
half  of  the  car  one  coat  of  rubbing  and  one  coat  of  finishing 
varnish,  and  for  the  other  half  two  coats  of  finishing  varnish, 
in  order  to  ascertain  which  process  would  give  the  best  results. 
This  was  done  accordingly.  After  a  very  short  time  the  differ- 
ence was  so  manifest  that  the  one-half  on  which  rubbing  var- 
nish had  been  used  lost  so  much  of  its  luster  that  it  showed  a 
marked  dividing  line  in  the  center  of  the  car,  and  after  a  few 
months  longer  the  contrast  had  so  increased  as  to  make  it  ap- 
pear as  though  originally  only  one-half  of  the  car  had  been  var- 
nished. Naturally  such  a  car  was  immediately  called  in  for 
revarnishing.  On  other  cars  which  had  to  stay  on  the  road 
from  16  to  20  months  such  difference  could  not  be  distinguished, 
as  all  luster  had  disappeared,  yet  I  observed  that  the  half  with 
the  rubbing  varnish  over  the  gold  was  in  a  more  advanced  state 
of  decay  than  on  the  other  half,  where  two  coats  of  wearing 
body  varnish  had  been  applied.  Furthermore,  a  difference  in 
favor  of  the  latter  was  found  when  I  applied  the  so-called  oil 
test,  of  which  I  will  make  mention  later  on. 

Now  about  these  cars  on  which  two  brands  were  used,  each 
car  finished  with  two  coats  of  wearing  body  varnish.  In  regard 
to  the  luster  it  was  very  difficult  to  discover  any  difference, 
whereas  on  the  yellow  car  it  was  found,  after  careful  investi- 
gation, that  some  brands  were  superior  in  transparency.  Yet  I 
think  this  is  only  a  matter  of  secondary  consideration,  as  dura- 
bility is  certainly  the  most  important  object. 

The  oil  test  is  as  follows  :  After  10  months  of  service  a  car 
arrives  at  the  shop  :  both  varnishes  have  the  same  appearance 
and  surface,  and  no  difference  in  the  two  varnishes  can  be 
noted.  I  then  have  a  vial  filled  with  half-and-half  boiled  and 
raw  linseed-oil,  and  a  2-in.  long  round  wire  nail,  driven  into 
the  cork  and  extending  into  the  oil.  With  this  nail  I  take  out 
a  drop  of  oil  and  apply  it  on  the  varnish,  making  drops  of  vari- 
ous sizes,  so  that  I  may  be  able  to  note  how  much,  if  any,  of 
this  oil  will  penetrate  into,  or  spread  out  on,  the  varnish. 
After  four  or  five  hours  I  find  that  on  the  one  varnish  the  oil 
has  entirely  penetrated  and  scarcely  left  a  visible  trace,  where- 
as on  the  other  varnish  the  oil  remains  as  applied,  thus  show- 
ing that  no  absorption  whatsoever  has  taken  place.  Which  of 
the  two  varnishes  should  have  the  preference  ?  Which  one 
will  protect  paint  and  wood  best  I  need  not  say. 

On  another  car,  one-half  is  in  best  condition,  paint  as  well  as 
varnish  ;  but  on  the  other  half  long  cracks,  running  with  the 
grain  of  the  wood  on  the  panels,  draw  through  them,  which, 
upon  examination,  are  found  to  extend  deep  into  the  paint.     Is 


the  paint  responsible  for  the  cracking?  I  cannot  believe  so. 
The  whole  car  was  painted  with  the  same  paint  at  the  same  time 
and  under  like  conditions.  But,  supposing  that  the  whole  car 
had  been  varnished  with  that  one  brand,  would  not  the  painter 
have  to  carry  the  blame  ?  How  could  he  prove  the  contrary  ? 
Who  would  believe  him  ? 

Of  course,  by  testing  varnish  in  this  manner,  many  cars  were 
utterly  spoiled,  and  we  had  to  remedy  the  evil  as  quickly  as 
possible.  It  would  be  useless  to  recite  the  results  of  all  of  these 
various  cases  ;  suffice  it  to  say,  that  it  has  brought  to  light 
many  interesting  facts,  and  although  I  was  not  able  to  examine 
all  of  these  200  cars,  a  great  number  of  them  enabled  me.  upon 
examination,  to  form  a  correct  opinion  as  to  the  merits  of  the 

material. 

^ 

Lake    Shipbuilding. 

(From  the  Cleveland  Marine  Review^ 

Within  the  last  five  years  the  tonnage  of  the  lakes  has  been 
more  than  doubled,  and  it  is  interesting  to  note  this  wonder- 
ful growth  in  new  ships  from  reliable  sources.  In  the  spring  of 
1S86  began  an  era  of  profitable  freights  and  with  it  the  displace- 
ment of  the  small  wooden  boats  by  big  steel  carriers.  As  a 
result  ship-building  has  been  carried  on  to  such  an  extent  as  to 
cause  some  fears  of  overproduction.  The  new  tonnage  lo 
be  floated  next  spring,  however,  will  fall  but  short  of  previous 
years,  and  this  is  saying  a  great  deal  when  the  figures  are  con- 
sidered. In  a  synopsis  of  the  forthcoming  report  of  William 
W.  Bates,  Commissioner  of  Navigation,  shipbuilding  returns  for 
three  years  past  are  given,  and  by  reference  to  former  reports 
the  following  table,  showing  the  work  of  five  years,  is  secured  : 

No.  of  Boats.  Net  Tonnage. 

1886 8s  30,400.54 

1887 152  56,488.32 

1888 2aa  101,102.87 

1889 MS  107,080.30 

1890 ai8  108,525.00 

Total 9<»  393.597-03 

The  following  table,  from  the  same  source,  shows  the  ton 
nage  of  vessels  built  in   the  United  States  from  1857  to  1890, 
and  it  is  remarkable  that  the  increase  on  the  lakes  in  the  pasi 
five  years — 393.597  tons — is  equal  to  that  of  12  years  previous  : 


Yeak  ending 
June  30. 


On  the 
Great  Lakes. 


On  the  entire 
Seaboard. 


On  the  Mis- 
^tissippi    Kiver 
land  its  Tribu- 
taries. 


1857- 

1858. 

1859. 

i860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1S66. 

.867 

1868. 

1869. 

1870. 

187.. 

1872. 

1873. 
1874. 

1875- 

1876. 

1877. 

1878. 

1879 

1880 

1881. 

1883. 

1883. 

1S84. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 


Tons. 

51.498 

31.642 

6,180 

11,992 

23.467 
53.804 
67,972 
49.151 
36.641 
31.204 
39.679 
56,798 
49.460 
37.258 
43.897 
44,611 

92.448 
91,986 
29,871 
16,124 
8,903 
11,438 

•5.I35 
22,899 

73.504 
58,^69 
38,638 

30.431 
36  826 

20,400 

56,488 

101,103 

107,080 

108,525 


Tons. 

a85,453 
177.412 

133,294 
169,836 

179.767 
112,487 
2x3,667 
310,421 
391,306 
232,388 
330,810 
175.812 
191.194 
182,836 
156,^49 
128,097 
218,139 
277i093 
244.474 
163,826 

132.996 
iS5.i;i8 
115.683 
101,720 
125,766 
188,084 
210,349 

178,419 
iai,oio 

f4.4S8 

83.061 

105,125 

111,852 

169,089 


Tons. 

41.854 
35.659 
17,128 

3».970 
29,960 

8,785 

27.407 
56,169 
66,576 
70,555 
3S.106 
52,695 

34.576 
56,859 
73,081 

36,344 

48,659 

63,646 
21,294 
23,636 

34.693 

68,928 
62,313 

32,791 
81,189 

35.817 
»6,443 
16,664 
11,220 

•o,59S 
10,901 
11.859 
ia,203 

16,505 


Total. 


Tons. 

378,80s 

244.713 
156,603 

214,798 
233.194 
175.076 
311,046 
415.74' 
394.523 
336,147 
305.S9S 
285,305 
275.230 
276.953 
273.2*7 
209,052 
359.246 
432.725 
297.639 
203,586 
176,592 
235.504 
193,031 
157.4JO 
280,459 
282,370 

265,430 
225.5*4 
159.056 
95.453 
150,450 

218,087 
231,134 
294.119 
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The  comparison  between  lake  and  coast  building  in  the  fore- 
going table  is  particularly  flattering  to  the  inland  seas.  During 
the  past  few  years  the  work  of  the  lake  ship-yards  has  been 
fully  equal  to  that  of  the  Atlantic  Coast  and  almost  equal  to  the 
entire  coast  work,  while  in  the  previous  period  of  20  years  there 
was  no  comparison  between  them,  on  account  of  the  big  output 
on  the  Atlantic. 

Recent   Patents. 


CONNELL  S   RAIL-JOINT. 

The  accompanying  illustrations  show  a  rail-joint  invented  by 
William  H.  Connell,  of  Wilmington,  Del.,  and  covered  by 
Patent  No.  439,116.  The  nature  of  the  invention  can  be  easily 
understood  from  the  drawings,  in  which  figs,  i  and  3  are  side 
elevations  and  figs.  2  and  4  end  elevations  of  the  joint.  It  will 
be  seen  that  it  is  a  truss  joint,  the  fish-plates  having  a  lug  on 
each  end  which  may  be  formed  in  several  different  ways,  which 

3 


CONNELL'S   RAIL-JOINT. 

will  readily  suggest  themselves.  Through  these  lugs  pass  the 
tie-rods  or  truss-rods  E  E,  which  are  held  by  the  nuts  e  /,  thus 
giving  additional  strength  and  support  to  the  joint.  The  angle 
bars  are  bolted  in  the  ordinary  way  through  the  rail  by  the 
bolts  D  D  D.  The  truss-rods  pass  under  the  strut  F,  which, 
as  shown  in  the  drawing,  is  a  short  piece  of  rail.  Old  rails  can 
very  well  be  utilized  for  this  purpose,  but,  of  course,  the  strut 
can  be  made  of  any  other  suitable  form.  In  adjusting  the  joint 
the  splice-bars  C  are  first  secured  to  the  rails  by  the  bolts,  the 
tie-rods  E  E  being  inserted  in  the  lugs  of  the  splice  before- 
hand. The  strut  /'is  then  stepped  beneath  the  joint  in  the 
proper  position  and  the  nuts  e  e  are  screwed  up,  forcing  the 
strut  up  against  the  bottom  of  the  joint  between  the  rails  and 
making  a  joint  which,  the  inventor  claims,  will  be  very  strong, 
stiff,  and  compact. 

hunlock's  rail-joint. 

Figs.  to.  II,  and  12  show  a  form  of  rail-joint  patented  by 
John  G.  Hunlock,  of  Wyoming,  Pa.,  the  patent  being  No. 
429,628.     The  object  is  to  prevent  the  breakage  of  joints  caused 


ffc  M. 


flG  /Z. 


/ 


^^^  M 


HUNLOCK'S  RAIL-JOINT. 


^y  contraction  and  expansion  by  interposing  a  spring  ;  this  is 
enected  by  forming  part  of  the  splice-bar  into  a  coiled  spring  as 

In  the  illustrations  fig.  10  is  a  side  view  of  the  two  ends  of 

'C  rails  at  the  joint  with  the  plate  in  place,  showing  the  con- 

a'lion  of  the  joint  when  the  rails  are  fully  expanded.     Fig.  11 


is  a  side  view  of  a  similar  joint,  showing  its  condition  when 
the  rails  have  become  somewhat  contracted  by  a  change  of 
temperature  or  from  other  causes.  Fig.  12  is  an  end  view  of 
the  rail  with  plates  in  place,  bolt-heads  having  been  omitted. 
In  these  a  and  a  are  the  flat  ends  of  the  plate  through  which 
the  bolts  go,  by  which  the  plates  are  bolted  to  the  rails  ;  /and  / 
are  the  ends  of  the  rails,  to  which  are  bolted  the  plates  ;  b  b 
and  c  compose  an  intermediate  part  of  the  plate  between  the 
two  ends  or  arms  a,  and  are  formed  into  a  helix  branching 
from  a  at  A  with  an  enlarged  section.  It  is  gradually  reduced 
in  section  until  at  the  point  c  it  has  attained  its  smallest  sec- 
tion. The  object  of  this  gradual  reduction  in  section  is  to 
obtain  a  maximum  elasticity  in  the  central  coil,  where  only  a 
torsional  or  twisting  strain  is  produced.  In  order  to  reduce 
the  transverse  or  bending  strain  at  the  junction  of  b  with 
a,  e  e  e  e  are  the  bolts  by  which  the  plates  are  held  in  place  ; 
d  indicates  the  opening  between  the  ends  of  the  rails. 

CHURCHILL'S     RAIL-JOINT. 

A  form  of  rail-joint  covered  by  patent  No.  433,273,  issued  to 
Charles  S.  Churchill,  of  Roanoke,  Va.,  is  shown  in  figs.  13-16. 
Fig.  13  is  an  elevation  ;  fig.  14  a  section  through  the  tie  ;  fig. 
15  a  section  through  the  bridge-plate  ;  fig.  16  an  inverted  plan 
of  the  bridge-plate. 

The  bridge-piece  A  consists  of  a  plate  of  iron  or  steel  formed 
of  a  narrow  central  section  a,  provided  with  a  strengthening- 
rib  b  on  its  under  side,  and  two  broad  end  sections  a  a',  ex- 
tending over  and  adapted  to  be  secured  to  the  ties.  By  this 
construction  the  weight  of  the  rail  and  train  is  distributed  over 
a  large  surface  of  the  ties,  while  the  ribbed-bridge  portion 
is  sufficiently  strong,  in  connection  with  the  angle-bars,  to 
withstand  the  weight  of  the  rails  and  train  and  transmit  it  to 
the  ties. 

The  angle-bars  or  fish-plates  are  of  the  peculiar  construction 
best  shown  in  fig.  15,  each  consisting  of  an  upper  part  B  and 
a  lower  part  C,  connected  together  by  an  outwardly  curved  and 
inclined  portion  D,  embracing  both  the  bridge-piece  and  the 
lower  flange  of  the  rail.  The  parts  B  extend  for  a  considerable 
distance  along  the  sides  of  the  rails,  in  the  manner  common  to 
ordinary  fish-plates,  and  are  secured  to  the  rails  and  to  each 
other  by  bolts  b'.  The  parts  C  are  made  short  enough  to  fit  in 
between  the  adjoining  ties,  and  the  bolts  c,  which  serve  to  bind 
them  together,  pass  beneath  the  ribbed  bridge  piece,  as  shown 
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in  (ig.  15,  or  through  the  same.  It  will  also  be  noticed  that  the 
inclined  portions  D  of  the  angle-bars  fit  snugly  against  the  in- 
clined flanges  of  the  rail  and  the  inclined  under  side  of  the 
bridge-piece  A,  so  that  when  the  bolts  b  and  c  are  tightened  the 
parts  are  pressed  into  close  contact  and  the  whole  structure  is 
bound  firmly  together,  preventing  the  deflection  of  the  rail  ends 
or  the  creeping  of  the  rails. 
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Manufactures. 


General  Notes. 


The  Berlin  Iron  Bridge  Company  has  increased  its  capital 
stock  from  f  125,000  to  $300,000,  the  new  stock  being  all  taken 
by  the  old  stockholders.  The  additional  capital  will  all  be  in- 
vested in  improving  and  enlarging  the  plant  at  East  Berlin,  Conn., 
where  work  will  be  begun  al  once  on  a  new  building  80  X  600 
ft.  in  size. 

The  shops  of  H.  K.  Porter  &  Company,  in  Pittsburgh,  have 
completed  two  Forney  locomotives  of  4  ft.  gauge  for  the  United 
States  Government.  These  locomotives  are  for  the  Muscle 
Shoals  Canal  improvement  in  Alabama,  and  are  to  be  used  for 
towing  barges  through  the  canal.  Each  locomotive  is  fitted 
with  four  heavy  hooks  to  which  the  tow  lines  are  connected. 

The  Wason  Manufacturing  Company,  Brightwood,  Mass.,  is 
building  20  passenger  cars  for  the  Old  Colony,  20  for  the  New 
York.  New  Haven  &  Hartford,  and  50  for  the  Manhattan  Ele- 
vated Railroad. 

The  Scarriit  Furniture  Company,  St.  Louis,  has  recently  re- 
ceived orders  for  Scarrilt-Forney  seals  for  10  cars  for  the  Chi- 
cago &  West  Michigan  ;  also  for  79  new  coaches  now  building 
for  the  Chicago  &  Northwestern  Railway. 

The  New  Orleans  &  Northeastern  Railroad,  which  has  some 
20  miles  of  trestle  running  through  the  swamps  back  of  New 
Orleans  and  over  Lake  Pontchartrain,  has  set  about  the  task  of 
filling  in  the  trestle  with  dirt.  This  is  being  done  by  a  new  pat- 
ent dredge  boat  built  by  the  Bucyrus  Steam  Shovel  &  Dredge 
Company,  which  is  showing  itself  a  wonder  in  the  matter  of 
thowing  up  dirt,  excavating  a  canal  on  the  side  of  track,  and 
piling  up  the  dirt  under  the  trestle  with  great  rapidity.  The  em- 
bankment, while  proving  of  great  benefit  to  the  railroad,  would 
also  advantage  New  Orleans,  since  it  will  serve  as  a  levee  to 
prevent-any  overflow  from.  Lake  Pontchartrain  when  that  lake  is 
swollen  by  northwest  winds. 

The  ties  made  by  the  Standard  Metal  Tie  &  Construction 
Company,  of  New  York,  which  were  laid  in  the  track  of  the 
Chicago  &  Western  Indiana  Railroad  some  15  months  ago,  have 
given  excellent  results.  The  roadmaster  reports  that  the  work 
of  maintaining  the  track  with  these  ties  has  been  much  less  than 
with  wooden  ties  :  they  are  more  easily  tamped  ;  the  heads  of 
the  rails  are  kept  even,  and  the  joints  held  up  ;  there  is  no  de- 
flection of  the  rails,  and  less  wear  on  the  rail  ends. 

The  Navy  Department  has  contracted  with  Carnegie,  Phipps 
&  Company,  of  Pittsburgh,  to  furnish  6,500  tons  of  armor  plates 
for  the  new  ships  now  building.  The  first  delivery  is  to  be 
made  in  June,  and  ihe  plates  are  to  be  delivered  at  the  rate  of 
500  tons  per  month. 

The  Leslie  Brothers  Manufacturing  Company,  Paterson, 
N.  J.,  is  negotiating  with  the  Russian  Government  for  the  intro- 
duction of  the  Leslie  rotary  snow-plow  on  the  railroads  of  that 
country.  The  importance  of  an  improved  plow  in  a  country 
where  the  snow-fall  is  heavy  is  fully  appreciated  by  the  man- 
agers of  the  State  Railroads. 

The  works  of  the  Flood-Conklin  Company  in  Newark,  N.  J., 
have  recently  been  almost  doubled  in  capacity  to  meet  the  de- 
mands of  business,  which  have  increased  very  fast,  although  the 
firm  only  began  business  last  year. 

Thk  Weber  Railroad  Joint  Company  has  been  officially  re- 
quested to  submit  its  device  to  the  German  Government  for  ex- 
amination as  to  its  use  on  the  State  railroad  lines. 

The  shops  of  Pedrick  &  Ayer,  Philadelphia,  have  recently 
shipped  to  the  Central  Forge  Works,  at  Whitesione,  N.  Y.,  a 
planer  for  heavy  work,  planing  S  ft.  long  and  25  in.  wide.  This 
machine,  having  been  specially  designed  for  the  work,  will  cut  | 
in.  deep  and  -,\j  feed.  These  works  have  recently  finished  a  new 
open-side  shaper,  which  is  mounted  on  a  column,  and  will  cut 
14  X  14  in.  square  and  31  in.  in  length,  and  which  is  an  exceed- 
ingly convenient  tool  for  general  use. 

The  boilers  of  the  steamer  /'Ara  JVang,  which  were  fitted 
with  the  Serve  ribbed  tubes  by  the  Fairfield  Ship-building  Com- 
pany, have  now  been  used  in  a  passage  out  to  China,  and  the 
engineer  reports  that  they  behaved  very  satisfactorily,  and 
caused  an  appreciable  saving  in  coal  consumption.     An  exact 


estimate  will  not  be  made  until  the  vessel  has  been  at  work  for 
three  months  in  her  regular  trade  in  the  China  Seas.  The  boll. 
ers  fitted  with  the  Serve  tubes  in  the  works  of  John  Brown  (& 
Company,  in  Sheffield,  have  been  submitted  to  continued  tests 
the  latest  showing,  under  high  induced  draft,  a  relative  econcmy 
of  15  per  cent,  for  the  ribbed  tubes.  These  tubes  have  already 
been  described  in  the  Journai,,  and  are  to  be  introduced  in  thii 
country,  Mr.  Charles  W.  Whitney,  of  New  York,  having  taken 
the  agency  for  the  same  in  the  United  States. 

The  automatic  temperature  regulator  of  the  Consolidated  Car 
Healing  Company  is  now  in  use  by  the  Wagner  Palace  Car 
Company,  and  on  the  Boston  «&  Maine,  the  Fitchburg,  ihe 
Buffalo,  Rochester  &  Pittsburgh,  the  Baltimore  &  Ohio,  and  ihe 
Delaware  &  Hudson  Canal  Company's  road  The  company's 
fire-proof  heater  is  now  in  use  on  the  New  York,  Providence  & 
Boston,  the  Boston  iS:  Maine,  the  Intercolonial,  and  the  Lehigh 
Valley  roads,  and  by  the  Wagner  Company. 

The  business  of  the  Dunham  Manufacturing  Company  has 
been  transferred  to  a  new  organization,  known  as  the  Q.  iV  C. 
Company,  the  officers  of  which  are  :  W.  L.  Findley,  President ; 
C.  F.  Quincy,  Treasurer,  and  Arthur  Crandall,  Secretary.  The 
new  company  will  continue  the  manufacture  of  the  various 
articles  which  the  Dunham  Company  has  introduced  in  railroad 
work,  including  car  doors,  brake  adjusters,  ventilators,  iheServis 
tie-plate  and  the  Davies  spike. 

The  portable  rope  hoisting  machines  made  by  the  Energy 
Manufacturing  Company,  Philadelphia,  have  been  adopted  by 
the  Pennsylvania,  the  Philadelphia  &  Reading,  the  Lehigh  Val- 
ley, and  other  roads,  and  by  a  large  number  of  manufacturing 
establishments. 

A  NEW  system  of  ventilation  for  fruit  and  other  cars  has  been 
devised  by  Mr.  R.  M.  Pancoast,  of  Camden,  N.  J.  It  can  lie 
readily  applied  to  existing  cars,  and  the  inventor  claims  that  it 
will  not  only  admit  air  and  exclude  dust,  but  that  it  will  main 
tain  a  sudden  circulation  of  air  passing  directly  over  the  load 
and  will  carry  off  all  impure  air,  keeping  the  interior  of  the  car 
cool  and  fresh,  a  condition  which  is  essential  to  the  proper 
transportation  of  fruit  and  similar  freight. 

The  Consolidated  Car  Heating  Company  has  recently 
equipped  a  number  of  private  cars,  including  one  built  for  Aus- 
tin Corbin  ;  one  for  the  President  of  the  Canadian  Pacific  ;  one 
for  the  New  York,  Lake  Erie  &  Western  ;  one  for  the  Lehigh 
Valley  ;  several  pay  cars  of  the  New  York  Central  &  Hudson 
River  Railroad  have  been  equipped  with  the  consolidated  com- 
mingler  system.  The  Delaware  &  Hudson  Canal  Company 
has  recently  changed  its  Albany  Belt  Line  trains  from  direct 
steam  to  the  commingler  storage  system,  with  temperature  rej;- 
ulator.  The  piping  formerly  in  the  cars  was  used,  and  they  are 
now  heated  at  will  by  direct  steam,  or  by  circulating  hot  water. 
The  Canadian  Pacific  and  the  "  Soo"  lines  have  recently  given 
considerable  contracts  for  car  heating  to  this  company,  which 
has  also  new  orders  on  hand  from  the  Boston  &  Maine,  the 
Old  Colony,  the  Fitchburg,  and  the  Grand  Trunk.  On  March 
II  and  12  the  Company  will  have  an  exhibition  of  its  system  as 
applied  on  the  Albany  Belt  trains. 

The  Brooks  Locomotive  Works,  Dunkirk,  N.  Y.,  have  re- 
cently built  a  number  of  lo-wheel  engines  for  the  Wisconsin 
Central  Railroad.  These  have  18  X  24-in.  cylinders  and  63- 
in.  driving-wheels.  The  boilers  are  54  in.  diameter  of  barrel, 
with  a  grate  area  of  iSJ  sq.  ft.,  and  1,600  sq.  ft.  heating  sur- 
face. They  will  carry  a  pressure  of  iSo  lbs.  The  total  weight 
of  these  engines  is  118,000  lbs.,  of  which  88,800  lbs.  are  on  the 
driving-wheels.  The  tenders  weigh  75,000  lbs.  loaded,  and 
will  carry  3,700  galls,  of  water  and  eight  tons  of  coal. 


A  New  Double-Screw  Ferry-boat. 


A  NEW  ferry-boat  for  the  New  York,  Lake  Erie  &  Western 
Railroad  Company  has  recently  been  completed  at  the  yards 
of  Neafie  <S:  Levy,  in  Philadelphia,  and  will  be  used  in  the  Com 
pany's  ferries  across  the  Hudson  River,  at  New  York.  This 
boat  resembles  the  Bergen,  of  the  Hoboken  line,  in  having  a 
screw  propeller  at  each  end,  the  shaft  running  the  entire  length 
of  the  boat,  and  is  the  second  of  this  class  on  the  river,  the 
Bergen  being  the  first.  All  the  other  ferry-boats  on  the  Hudson 
are  side-wheel  boats.  The  new  feriy-boat  is  215  ft.  long  over 
all  :  188  ft.  3  in.  long  between  stern  posts  ;  45  ft.  beam  moulded  ; 
62  ft.  over  guards,  and  16  ft.  depth  of  hold.  The  engines  aie 
compound  surface-condensing  engines,  with  cylinders  26  and 
50  in.  diameter  by  30  in.  stroke.  The  propellers  are  8  ft.  6  in. 
in  diameter.  The  high-pressure  cylinder  has  a  piston  valve  and 
the  low-pressure  a  plain  slide  valve,  both  driven  by  a  link  mo- 
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.'on  The  reversing  is  done  by  a  small  steam-engine.  There 
are  two  boilers,  12  ft.  8  in.  in  diameter  and  11  ft.  long.  The 
working  pressure  will  be  100  lbs.  The  Cabins  are  handsomely 
fitted  up,  and  the  boat  is  provided  with  an  electric  light  plant. 


A  New  Plan  of  Highway  Construction. 


The  accompanying  illustrations  represent  an  improved 
method  of  road  construction  devised  and  patented  by  C.  E. 
Keach,  of  Mapleville,  R.  I.,  fig.  i  being  a  plan  of  a  short  sec- 
tion of  road  bed  ;  fig.  2  a  longitudinal  section  ;  fig.  3  a  cross- 
section  on  the  line  x  x,  fig.  i  ;  fig.  4  a  cross-section  on  the  line 

y  r,  fig.  !• 
It  will  be  seen  that  the  road  is  divided  lengthwise  into  a  series 

of  sections  AAA,  which  are  separated  from  each  other  by 


at  dififerent  parts  of  the  declivity  of  the  hill  as  may  be  required 
to  properly  guide  the  water  from  the  road  bed. 

In  the  absence  of  stone  of  the  required  size  to  form  the  walls 
B  and  C' the  same  can  be  made  of  gravel  and  cement  or  other 
suitable  material,  and  in  some  cases  logs  of  wood  can  be  em- 
ployed. 

Dry-wells  G  may  be  provided  at  suitable  intervals  in  the 
blind  drains  F,  whereby  the  water  from  the  drains  will  be  ab- 
sorbed by  the  surrounding  earth  or  gravel. 

♦ 

Jet  Water  Wheels. 

(From  Industry,  San  Francisco.) 

The  Pelton  Water  Wheel  Company,  of  San  Francisco,  will  in 
their  tender  for  the  motive-power  plant  at  Niagara  Falls  labor 
under  several  disadvantages  that  should  have  consideration  by 
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transverse  rows  B  of  comparatively  large  stones,  while  the 
spaces  A  between  said  rows  are  filled  with  smaller  broken  stone 
or  stones  and  gravel.  The  rows  of  stone  B  are  placed  equidis- 
tant along  the  road-bed  and  serve  as  supporting-walls,  which  in- 
close the  gravel  between  them  and  prevent  the  same  from  shift- 
ing, whereby  the  road  might  otherwise  become  uneven.  Rows  of 
stones  C  of  about  the  same  size  as  those  of  the  rows  B  are  placed 
on  both  sides  of  the  road-bed  and  serve  as  walls  in  conjunction 
with  ih;  said  rows  B.  Adjoining  the  rows  of  stone  Cand  run- 
ning lengthwise  of  the  road  are  shallow  drains  D,  which  serve 
to  catch  the  sand  or  other  fine  material  which  may  be  washed 
from  the  higher  portion  of  the  road  bed  while  the  water  which 
accompanies  it  will  flow  into  the  parallel  deeper  drain  F,  which 
Intter  is  filled  with  cobble-stones  a.  The  dry  sand  which  is 
washed  from  the  roadbed  and  settles  in  the  drain  Z>  can  be 
readily  returned  to  the  road-bed  or  be  removed  to  a  suitable 
place  of  deposit. 

In  order  to  prevent  a  rush  of  water  from  the  comparatively 
evel  portion  A'  of  the  road  at  the  top  of  a  hill  S  down  the  road- 
bed, so  as  to  wash  and  gully  the  same,  near  the  top  of  the  in- 
cline .S  a  shallow  depression  c  is  made  in  the  road-bed  ;  the 
water  is  drained  from  the  same  by  the  side  drains  D,  which  in 
i^nis  case  are  inclined,  as  is  indicated  by  the  dotted  line  h  in  fig. 
-.  so  that  the  portion  of  the  road-bed  included  between  the  lat- 

wU   ^^^^  °^  ^'°"^  ''  ^''  ^''^  ^*"''"  *  raised  dam  or  bar,  which 
'    serve  to  prevent  the  water  from  rushing  down  over  the  in- 

in"th-   ''°*^'*^^^  °f  ^^^  *^'"   *»■  ^o  ''ash  and  gully  the  same  ;  and 

^     nis  case  also  the  dam  will  be  constructed  of  a  series  of  trans- 

withV^''^  o^  stone  B  with  the  spaces  A  between  the  rows  filled 

"*  Stone  and  gravel,  and  such  dams  or  bars  can  be  made 


the  Commission,  who  are  to  decide  between  the  various  wheels 
and  firms  competing. 

In  the  first  place,  there  is  no  popular  understanding  of  what 
may  be  called  tangential  or  jet  wheels  among  people  at  the  East 
or  in  Europe,  and  very  little  among  engineers,  except  as  the 
Girard  type  of  wheels  may  be  thus  classed  ;  but  the  difference 
between  the  California  and  the  French  wheel  is  very  wide,  both 
in  construction  and  in  a  hydraulic  sense. 

The  Pelton  wheels  employ  round  jets  impinging  on  peculiarly 
formed  vanes,  both  of  which  features  admit  of  definite  mathe- 
matical treatment  and  constiiule  very  marked  advantages  over 
the  oblong  jets  and  Jonval  floats  or  vanes  of  the  Girard  type 
of  wheels. 

This  branch  of  the  subject  has  received  considerable  atten* 
tion  from  the  engineering  faculty  of  the  University  of  Califor- 
nia, and  especially  from  Mr.  Ross  E.  Browne,  Hydraulic  En- 
gineer, of  San  Francisco,  who  assisted  at  the  University  experi- 
ments conducted  in  1SS3.  A  bulletin  was  issued  containing  the 
data  and  results,  which  constitutes  the  first  literature  of  the  Cal- 
ifornia wheels  that  found  its  way  into  the  outer  world.  Since 
that  time  no  laboratory  tests  of  these  wheels  have  been  made, 
but  there  has  been  a  vast  amount  of  observed  data  which  has 
not  only  confirmed  Mr.  Browne's  results  and  computation,  but 
also  exceeded  in  practical  use  what  was  laid  down  or  inferred 
from  the  laboratory  experiments  above  named. 

The  wheels  are,  therefore,  in  a  sense  not  well  known,  mainly 
for  the  reason  that  the  circumstances  which  led  to  their  develop- 
ment here  in  California  do  not  exist  elsewhere — working  heads 
of  from  100  to  1,000  ft.,  and  even  1,500  ft.  Except  in  the  moun- 
tainous districts  of  Europe,  where  power  is  but  sparingly  re- 
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quired,  there  is  no  parallel  to  these  requirements  of  the  Pacific 
Coast,  where  every  stream  is  torrential  until  it  reaches  the 
plains. 

In  the  Eastern  States,  or,  as  we  may  say,  in  the  water  wheel 
practice  ot  the  world,  a  fall  exceeding  50  ft.  is  seldom  to  be  dealt 
with,  and  among  the  numerous  makers  of  turbine  wheels  there 
has  not  been  much  adaptation  for  higher  heads  or  pressure. 
This  is  especially  true  of  the  American  inward-discharge  class 
of  wheels,  which  have  a  higher  rotative  speed  than  either  the 
Jonval  or  Fourneyron  types,  and  are  consequently  less  suited 
tor  high  heads,  and  where  there  have  been  attempts  to  use 
them,  as  in  the  present  plants  at  Niagara  Falls,  only  a  part  of 
the  head  is  utilized,  the  rest  going  to  waste. 

The  economical  gain  by  the  inward-discharge  method  of  con- 
structing turbine  wheels  is  that  the  wheel  itself,  or  the  running 
part,  which  requires  finishing,  is  small  in  diameter  and  conse- 
quently less  expensive  to  construct.  The  results  attained  are 
much  better  than  theoretical  computations  or  inferences  assign 
to  the  method,  and  aside  from  high  rotative  speed  and  conse- 
quent inadaptatiun  to  high  heads,  inward-discharge  wheels  mark 
a  notable  advance  in  hydraulic  practice. 

At  Niagara  Falls  the  makers  of  turbine  wheels  meet  almost 
their  first  experience  of  California  heads,  and  140  ft.  of  fa'l, 
with  a.  pressure  of  60  lbs.  to  the  square  inch,  impresses  them 
the  same  as  a  fall  of  700  ft.  and  a  pressure  of  300  lbs.  to  the 
square  inch  does  a  California  encrineer,  or  maker  of  water 
wheels.  It  is  a  case  of  transposition,  and  outside  of  facts  and 
computations,  the  Pelton  Water  Wheel  Company  may  expect 
at  first  but  little  support  for  their  methods. 

This  is  the  disadvantage  we  alluded  to  at  first,  and  what  its 
weight  may  be  with  a  scientific  commission  who  are  supposed 
to  deal  with  the  problem  a  priori  remains  to  be  seen.  There 
are,  however,  indications  of  a  better  understanding  of  these 
California  water  wheels  than  was  at  first  hoped  for.  Mr.  Fer- 
ranti,  the  Engineer  of  the  power  company  organized  to  erect 
works  on  the  Canadian  side  at  Niagara  Falls,  and  who  is  one 
of  the  most  eminent  engineers  of  our  time,  has  detected  the  pe- 
culiar claims  and  advantages  of  the  tangential  water  wheels  for 
driving  his  dynamos,  and  we  are  well  satisfied  tliat  his  prefer- 
ence for  these  wheels  will  be  strengthened  by  further  investiga- 
tions on  his 'part 

It  is  a  strange  circumstance,  but  one  not  without  precedent, 
that  we  should,  after  some  centuries  of  experiment,  find  in  the 
simple  tangential  jet  water  wheel  not  only  the  most  simple  one 
in  form,  but  that  which  most  nearly  conforms  to  hydraulic 
laws.  During  all  this  time  we  have  been  either  dividing  high 
falls  into  sections  or  utilizing  only  so  much  of  them  as  would 
suit  the  kind  of  wheels  in  common  use. 


A  Convenient  Invention. 


Those  who  use  typewriters — and  that  includes  almost  every 
one  nowadays —have  felt  the  want  of  some  method  of  cleaning 
the  type.     This  is  met  by  a  very  neat  device  made  by  Ford, 


FORD'S  TYPEWRITER   BRUSH. 

Howard  &  Company,  of  Chicago,  which  illustrates  well  the 
value  of  small  inventions. 

The  engraving  herewith  shows  the  device  so  well  that  hardly 
any  description  is  needed.  It  consists  only  of  a  revolving  brush, 
carried  on  a  light  frame. 

The  brush  is  rapidly  rotated  by  means  of  gears  (a  special 
feature  of  this  brush),  the  proportion  of  revolutions  being  three 
of  the  brush  to  one  of  the  hand.  This  speed  not  only  cleans 
and  dries  the  type,  but  really  pol  shes  it.  The  bristles  are  three 
rows  deep,  \  in.  in  length,  and  of  the  best  quality.  The  brush 
operates  parallel  with  the  type  bars,  thus  preventing  all  liability 
of  straining  them. 

All  that  need  be  added  is  that  by  simple  changes  in  the  frame 
it  can  be  fitted  to  any  machine,  and  that  on  our  own  Reming- 
ton it  works  like  a  charm. 


Some  New  Wood- Working  Machines. 


The  object  of  car  builders  and  railroad  shops  is  usually  to 
secure  machinery  which  will  produce  the  largest  quantity  of 
good  work  in  a  given  time,  and  to  meet  this  demand  the  ma- 
chines shown  in  the  accompanying  engravings  have  been  de- 
signed. 

Fig.  I  shows  the  special  rapid-feed  flooring  machine,  which 
will  work  100  lineal  feet  of  practically  perfect  flooring  per  min- 


FiG.  1.— SPECIAL  RAPID-FEED   FLOORING   MACHINE. 

ute,  without  trouble,  annoyance  or  breaking  down,  either  in 
white  pine,  yellow  pine,  or  hard  wood  of  any  kind.  It  is  pow- 
erfully built  to  stand  any  strain,  and  all  adjustments  are  sim- 
ple, strong  and  reliable.  The  gearing  is  new,  without  links  of 
any  kind.  The  feed  consists  of  six  9-in.  rolls,  geared  up  in 
the  test  manner,  and  held  down  by  strong  steel  springs  capable 
of  standing  a  pressure  of  seven  tons  ;  this  pressure  can  be 
increased  or  decreased  as  desired  by  a  small  hand  wheel 
These  feed  rolls  are  provided  with  improved  scrapers,  which 
enable  them  to  run  in  the  gummiest  yellow  pine  without  taking 
any  dirt.  The  pressure-bars  are  of  the  best  improved  charac- 
ter, hugging  the  knives  closely,  and  are  adjustable,  giving  the 
machine  all  the  advantages  of  an  inside  moulder,  and  enabling 
the  operator  to  adjust  them  to  do  the  smoothest  and  most  per- 


Fig.  a.— FAST-FEED  FLOORING  MACHINE. 

feet  work,  preventing  all  tearing  out,  even  in  cross-grained 
wood,  thus  giving  a  cut  that  all  mill  men  look  for,  free  from 
vibration  and  tremble. 

The  side  heads  are  shimers  made  especially  for  this  machine, 
and  the  spindles  run  in  long  connected  bearings,  and  are  ad- 
justable to  any  point  across  the  width  of  the  bed,  fitted  with  an 
improved  matcher  clip  and  a  great  help  even  to  the  shimer-head. 
An  independent  header  and  a  pressure-bar  for  the  lower  cylin- 
der are  placed  on  this'machine,  and  can  be  instantly  swung  out 
of  the  way  when  not  wanted  or  when  the  operator  wishes  to 
sharpen  or  get  at  the  knives  on  the  lower  heads.  The  header 
can  be  drawn  clear  back  from  the  cut  when  not  wanted. 

Two  sizes  are  made,  to  work  9  in.  and  14  in.  wide,  and.  to 
work  three  or  four  sides. 

Fig.  2  represents  another  form,  the  fast-feed  flooring  ma- 
chine, for  fast  work  and  quick  adjustments,  having  a  capacity 
of  80  to  100  ft.  per  minute,  capable  of  standing  up  to  any  kind 
of  work,  such  as  flooring,  patent  siding,  beading,  ceiling,  mould- 
ings, and  work  of  that  class,  doing  it  perfectly  and  reliably. 
The  frame  is  built  upon  an  improved  plan,  and  will  stand  any 
strain  that  will  be  put  to  it. 

The  cutting  cylinders  are  of  the  best  steel  and  slotted  on  all  four 
sides,  each  side  having  a  knife.  The  feed  consists  of  six  7-in. 
rolls,  ail  heavily  geared.  The  system  of  gearing  on  this  ma- 
chine is  entirely  new,  all  the  rolls  being  driven  by  internal  and 
external  gearing,  without  expansion  links  ;  each  upper  feed- 
roll  is  made  to  lift  parallel,  thus  giving  a  full  and  even  pressure 
across  the  surface  of  the  board  ;  this  is  effected  by  a  new  and 
ingenious  device  for  raising  and  lowering  the  upper  rolls,  which 
can  be  done  instantly  to  accommodate  the  thickness  of  stock. 
The  upper  front  feed -rolls  are  held  down  by  a  new  weighted 
equalizing  bar,  allowing  ample  lifting  range  to  suit  unequal 
stock.  The  other  features  are  the  same  as  in  the  rapid-feed 
machine  described  above.  Two  sizes  are  made,  to  work  9  in. 
and  14  in.  wide,  and  to  work  three  or  four  sides.  The  former 
machine  is  especially  recommended  for  the  extra  heavy  work  in 
large  mills  and  the  latter  for  planing  mills,  etc.,  where  a  fitst- 
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class  machine  is  wanted  for  general  work.     Both  have  been 
very  successful  in  practice. 

Both  machines  have  been  designed  and  built  by  the  Egan 
Company,  and  further  information  can  be  obtained  from  that 
Company,  whose  address  is  Nos.  194-214  West  Front  Street, 
Cincinnati,  O. 

♦ 

Notes  from  Baltimore. 


The  engine  for  the  new  manufacturing  enterprise  at  Curtis 
Bay,  established  by  the  Ryan  &  McDonald  Manufacturing 
Company,  was  started  up  February  10  to  test  the  machinery, 
and  work  was  begun  on  the  15th  with  about  50  mechanics,  on 
contracts  taken  for  locomotives,  hoisting  engines  and  small  cars. 

Arrangements  arc  being  made  for  the  construction  of  an 
Electric  Railroad  from  a  point  in  South  Baltimore  to  Curtis 
Bay. 

The  South  Baltimore  Car  Works,  Curtis  Bay,  have  secured 
an  order  from  the  Baltimore  &  Ohio  Railroad  for  making  gen- 
eral repairs  to  freight  cars. 

The  Baltimore  Car  Wheel  Company  are  arranging  their 
plant  for  the  manufacture  of  electrical  appliances. 

The  passenger  conductors  of  the  Baltimore  &  Ohio  have  had 
their  pay  increased,  to  take  effect  February  i. 

Mr.  J.  F.  Legge,  formerly  Superintendent  of  the  Western 
Division,  Baltimore  &  Ohio  Railroad,  has  been  appointed  Gen- 
eral Agent  and  Superintendent  of  Wheeling  Terminals,  with 
headquarters  at  Wheeling,  W.  Va. 


OBITUARY. 


J(»iiN  Dixon,  who  died  in  England,  January  28,  aged  56 
years,  was  well  known  as  an  engineer,  tie  served  as  appren- 
tice under  Robert  Stephenson,  and  was  for  many  years  em- 
ployed in  works  constructed  abroad  by  English  contractors. 
He  built  the  first  experimental  railroad  in  China,  from  Shanghai 
to  Woosung,  which  was  afterward  taken  up.  He  built  railroads 
also  in  Portugal,  Spain  and  other  countries,  and  harbor  works 
in  South  Africa. 

HiRA^i  Fowler,  who  died  in  Westfield,  Mass.,  February  3, 
aged  60  years,  was  for  many  years  a  civil  engineer  well  known 
through  Connecticut  and  Massachusetts.  He  was  engaged  in  a 
number  of  works  both  railroad  and  city.  He  was  Chief  En- 
gineer of  the  Connecticut  Valley  Railroad,  having  charge  of  its 
construction  from  Saybrook  to  Hartford,  and  after  its  comple- 
tion was  made  Superintendent,  holding  that  position  until  it 
was  purchased  by  the  New  York,  New  Haven  &  Hartford  Com- 
pany. 


Joshua  L.  Pijsey,  who  died  in  Wilmington,  Del.,  February 
8,  aged  71  years,  was  born  in  Chester  County,  Pa.,  but  removed 
to  Wilmington  at  an  early  age.  He  learned  his  trade  with  the 
old  firm  of  Belts  Sr  Harlan,  in  Wilmington,  and  in  1848  founded 
the  firm  of  Pusey  &  Jones,  in  the  first  place  owning  only  a 
small  machine  shop,  which  gradually  grew  into  the  present 
large  shops  and  shipvard  of  the  Pusey  &  Jones  Company.  The 
present  corporation  was  organized  in  1879,  Mr.  Pusey  holding 
a  large  interest,  and  he  has  been  President  for  four  years  past, 
havmg  returned  to  active  business  in  1886  after  a  short  period 
of  retirement. 


Jacob  N.  McCullough,  who  died  in  Allegheny,  Pa.,  Feb- 
h^'^'^k  K^^^*^  ^^  years,  was  originally  a  business  man  in  Pitts- 
Durgh  but  many  years  ago  was  induced  to  take  charge  of  the 
'-leveland  &  Pittsburgh  Railroad,  then  almost  bankrupt,  to  save 
sonie  interest  which  he  owned  in  the  road.  He  managed  the 
road  for  several  years,  bringing  the  Company  up  into  good  con- 
auion,  and  m  1863  was  made  General  Superintendent  of  the 
nttsburgh,    Fort  Wayne  &  Chicago  Railroad,  which  was  very 

t  ""Fk  11""^'"°^*'*  ^"^"  ^'*  charge.  When  the  road  was  leased 
to  the  Pennsylvania  Company,  in  18:1,  he  was  made  General 
"Manager  and  when  the  Pennsylvania  Company  was  organized, 
n  ,^\^-^^°""  ^'"'■^^  Vice-President,  which  position  he  retained 
until  his  death,  being  the  chief  executive  officer  of  the  Pennsyl- 
vania bystem  west  of  Pittsburgh.  Mr.  McCullough  was  not  an 
ngineer,  but  was  distinguished  among  railroad  men  for  his 
traffi  ^  **  *  financial  manager  and  in  building  up  and  securing 


Robert  Forester    Mushet,  the  maker  of  the  celebrated 
special  tool  steel,"  died  February  3.  in  his  80th  year. 

Miic),''*^^°^  ^°^  ^'^^  ^^^^^'  ^^«  London  Engineer  says  :  "  Mr. 

usnet  was  the  youngest  son  of  the  late  David  Mushet,  whose 

"  »n  the  field  of  iron  metallurgy  were  among  the  most  fruit- 


ful  in  results  to  British  industry  in  the  earlier  years  of  the  pres- 
ent century  ;  the  most  important  of  them,  the  discovery  of  the 
black  band  ironstone,  having  created  the  Scottish  iron  trade  ; 
while  his  researches  into  the  manufacture  and  properties  of 
steel  were  among  the  first  to  throw  light  upon  a  then  very  ob- 
scure subject.  In  the  latter  field  the  son  became  a  worthy  fol- 
lower in  his  father's  footsteps,  and  devoted  the  greater  part  of 
his  life  to  the  improvement  of  the  manufacture  of  crucible  steel 
at  his  small  experimental  works  at  Coleford,  in  the  Forest  of 
Dean,  where  several  notable  developments  originated,  among 
them  being  the  introduction  of  China  clay  into  the  mixtures  for 
crucibles,  whereby  they  were  made  more  refractory  and  capable 
of  longer  service  than  before,  and  the  production  of  specially 
hard  steel  by  the  addition  of  tungsten  and  other  metallic  ele- 
ments to  the  iron  in  the  crucible,  which  resulted  in  the  produc- 
tion of  the  well-known  "special  tool  steel,'*  which  has  proved 
of  immense  value  in  the  engineer's  workshop.  These  results 
were,  however,  overshadowed  by  his  application  of  spiegeleisen 
to  the  Bessemer  process,  which  in  the  words  of  the  late  Mr. 
Menelaus,  in  1876,  the  President  of  the  Iron  &  Steel  Institute, 
'  was  one  of  the  most  elegant  as  it  was  one  of  the  most  beauti- 
ful of  processes  in  metallurgy.'  From  the  narrative  published 
by  the  inventor  himself  in  1883,  recording  the  steps  that  led  to 
this  application  of  manganese  to  iron  when  melted  in  large 
masses,  it  will  be  seen  that  it  was  no  mere  lucky  hit.  but  the 
result  of  long  continued  and  careful  experiment,  and  it  is  sad  to 
think  that  the  discoverer  lost  the  fruits  of  his  labor  through  the 
trustees  of  his  patent  omitting  to  pay  the  fees  due  in  the  third 
year.  The  value  of  the  discovery  was,  however,  fittingly  ac- 
knowledged by  the  award  of  the  Bessemer  Gold  Medal  of  the 
Iron  &  Steel  Institute  in  1876,  and  in  a  more  substantial  man- 
ner by  Sir  Henry  Bessemer." 

Dr.  N.  August  Otto  died  in  Cologne,  Germany,  January 
26,  after  a  brief  illness.  He  started  in  life,  says  Engineering, 
as  a  commercial  traveler,  for  which  duties  his  great  mechanical 
skill  was  of  little  avail.  Some  circumstance  turned  his  atten- 
tion to  gas  engines,  where  his  commercial  capacity  remained 
valuable.  In  1867  he,  in  conjunction  with  Eugen  Langen, 
surprised  the  engineers  who  had  flocked  to  the  Paris  Exhibi- 
tion with  a  real  practical  gas  engine,  an  engine  of  the  vertical 
type,  with  fly-wheels  on  the  top,  not  uncanny  in  appearance, 
but  terribly  noisy.  The  noise  had  to  be  borne,  and  was  borne 
— for  the  new  engine  became  very  popular — for  nine  years, 
when  the  "  Otto  Silent"  was  presented.  That  engine  has  un- 
dergone such  manifold  improvements  that  startling  innovations 
and  perfections  are  hardly  to  be  looked  for. 

The  gas  engine,  in  its  practical  career,  has  thus  quickly  attained 
maturity.  Yet  the  early  history  of  the  gas  engine  has  to  go 
back  more  than  200  years.  It  is  orthodox  to  quote  Huyghens 
as  the  first  in  the  field  ;  the  series  of  originators  commences, 
therefore,  with  one  of  the  best  names  of  physical  science. 
Among  the  papers  of  the  great  physicist  is  one  dated  1640,  on 
a  "  Novel  Motive  Force  Derived  from  Gunpowder  and  Air. 
Papin  took  this  idea  up  in  168S,  one  year  after  bis  classical  ex- 
periment which  initiated  the  steam-engine  ;  but  he  was  not  sat- 
isfied with  the  results.  Fully  a  century  later,  Strce  reopened 
the  researches  by  bringing  out  and  patenting  a  motor  cylinder 
with  explosion  by  means  of  a  torch.  Many  others  followed, 
Lebon,  Samuel  Brown,  Wright,  Barnett.  Newton,  Barsanti  and 
Matteucci,  Million,  and  Lenoir,  and  Hugon,  who  came  very 
near  producing  a  practical  engine.  But  Langen  and  Otto's 
engine  of  1867  was  so  decidedly  superior  in  the  economy  of 
gas  consumption  that  the  Lenoir  and  Hugon  engines  were  at 
once  put  out  of  the  field.  Otto's  gas  engine  embraced  the  char- 
acteristic features  of  some  of  its  predecessors — it  is  rarely  other- 
wise in  our  days — the  compression  of  Barnett,  the  cycle  of 
Beau  de  Rochas,  and  the  free  piston  and  other  advantages  of 
Barsanti  and  Matteucci's  engine,  which  was  remarkable  in  many 
respects,  and  effected  ignition  by  means  of  the  electric  spark. 
But  engineers  remain  indebted  to  Dr.  Otto  for  supplying  an 
engine  which  realized  and  did  what  others,  who  deserve  all 
credit,  had  been  aiming  at.  We  will  not  here  contest  the  ques- 
tion of  priority  of  invention.  It  has  been  fought  out  many  a 
time  ;  and  we  believe  that  no  one  will  grudge  Dr.  Oito  the  ben- 
efits and  comfort  which  his  work  and  exertions  brought  him. 

He  was  an  honorable  man,  esteemed  by  all  who  knew  him, 
and  his  invention  was  not  a  lucky  hit.  He  was  not  trained  as 
an  engineer,  but  he  made  himself  one  by  hard  work  and  study  ; 
and  his  achievements  prove  his  great  theoretical  knowledge, 
mechanical  dexterity,  and  fertility  of  resources. 


PERSONALS. 


H.  R.  Thomas  has  been  appointed  Railroad  Commissioner 
of  South  Carolina,  succeeding  the  late  M.  L.  Bonham. 


140 


THE    RAILROAD    AND 


[March,  1891. 


J.  S.  Cameron  has  resigned  his  position  as  Chief  of  Con- 
struction ot  the  Union  Pacific  Railway. 

Frank  W.  Kank  is  now  Engineer  in  Charge  of  Construction 
of  the  Pecos  Valley  Railroad,  in  Texas. 

G.  A.  O'Keefe  is  now  Master  Mechanic^pl-the  Detroit,  Lan- 
sing &  Northern  Railroad,  with  office  at^'Tonia,  Mich. 

Hunter  McDonald  is  now  Chief  Engineer  of  the  Western 
&  Atlantic  Railroad,  succeeding  the  late  EbtN  Pardon. 

George  D.  Brooke  is  now  Master  Mechanic  of  the  St.  Paul 
&  Duluth  Railroad,  succeeding  Charles  F.  Ward,  resigned. 

Charles  Graham,  Jr.,  is  now  Master  Mechanic  of  the 
Bloomsburg  Division  of  the  Delaware,  Lackawanna  &  Western 
Railroad. 

Elwood  S.  Schutz  has  been  appointed  Master  Car-Builder 
of  the  Georgia  Railroad,  succeeding  T.  M.  Preval,  who  has 
been  assigned  to  other  duty. 

Arthur  P.  Herhert  is  now  engineer  and  Superintendent  of 
the  Colima  Division  of  the  Mexican  Central  Railroad  ;  his  head- 
quarters are  at  Colima,  Mexico. 

David  Brown  is  now  Master  Mechanic  of  the  Delaware, 
Lackawanna  &  Western  Railroad,  having  charge  of  the  motive 
power  and  machinery  of  the  main  line. 

S.  H.  Harrington  has  resigned  his  position  as  Mechanical 
Engineer  of  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railroad,  and  will  devote  his  time  to  introducing  his  signal  sys- 
tem and  some  other  inventions. 

,  Frederick  P.  Dewey,  late  of  the  National  Museum,  has 
established  in  Washington  a  laboratory  for  the  analysis  of  ores 
and  other  substances,  the  investigation  of  chemical  and 
metallurgical  processes  and  other  similar  work. 

Virgil  G.  Bogue,  for  many  years  Chief  Engineer  of  the 
Union  Pacific,  has  resigned,  but  will  continue  to  have  charge 
of  the  construction  of  the  company's  new  line  in  Oregon.  Mr. 
Bogue's  successor  is  E.  C.  Smeed,  late  Assistant  Engineer. 

F.  W.  D.  HoLBROOK,  C.E.,  recently  Manager  of  the  Seattle, 
Lake  Shore  &  Eastern  Railroad,  has  accepted  the  position  of 
Secretary  of  the  new  Board  of  Public  Works,  at  Seattle,  Wash. 
Mr.  Holbrook  is  an  engineer  of  experience  and  standing. 

Charles  Graham  has  resigned  his  position  as  General  Mas- 
ter Mechanic  of  the  Delaware,  Lackawanna  &  Western  Rail- 
road. He  has  been  connected  with  the  road  for  many  years  in 
various  capacities,  and  now  retires  on  account  of  ill  health. 

John  D.  Campbell  is  now  Assistant  Superintendent  of  Mo- 
tive Power  of  the  New  York  Central  &  Hudson  River  Railroad. 
He  was  formerly  on  the  Central  Railroad  of  New  Jersey,  and 
more  recently  on  the  Manhattan  Elevated  Railroad  in  New 
York. 

Philip  Wallis  is  now  Master  Mechanic  of  the  Eastern  Di- 
vision of  the  Norfolk  &  Western  Railroad,  with  office  at 
Roanoke,  Va.  He  was  recently  Division  Master  Mechanic  in 
charge  of  the  shops  at  Creston,  la.,  on  the  Chicago,  Burlington 
&  Quincy  Railroad. 

Harvey  Middleton  has  resigned  his  position  as  Superin- 
tendent ot  Motive  Power  of  the  Union  Pacific,  and  is  succeeded 
by  Joseph  McConnell.  Mr.  Middleton  has  shown  much 
ability  and  has  many  friends,  and  his  retirement  is  due  entirely 
to  the  change  in  administration  of  the  company. 

Captain  Edmund  Berkeley  has  been  appointed  Superin- 
tendent of  the  Richmond  &  Danville  Railroad.  C.  P.  Hammond 
succeeds  Captain  Berkeley  as  Superintendent  of  the  Atlanta  & 
Charlotte  Division.  W.  B.  Ryder,  formerly  on  the  Chesa- 
peake &  Ohio,  succeeds  Mr.  Hammond  as  Superintendent  of 
the  Georgia  Pacific  Railroad. 


PROCEEDINGS  OF  SOCIETIES. 


American  Society  of  Civil  Engineers. — The  principal 
business  transacted  at  the  annual  meeting  in  January  was  the 
discussion  of  the  reports  of  the  Committee  on  Amendment  of 
the  Constitution,  and  a  number  of  amendments  were  ordered 
submitted  to  letter  ballot.  The  different  standing  committees 
reported  progress. 

The  report  of  the  Board  of  Directors  showed  a  total  of  7 
honorary  members  ;  3  corresponding  members  ;  1,080  active 
members  ;    61  associate  members,  and   215  junior   members. 


There  are  also  56  fellows  of  the  Society.     Additions  during  the 
past  year  were  150. 

The  Norman  medal  was  awarded  to  John  R.  Freeman  for 
his  paper  on  Experiments  Relating  to  the  Hydraulics  of  Fire 
Streams.  The  Rowland  prize  was  awarded  to  the  paper  on 
the  Sibley  Bridge,  by  O.  Chanute,  J.  F.  Wallis  and  W.  H. 
Breithaupt. 

At  the  regular  monthly  meeting,  February  4,  the  tellers  an- 
nounced the  following  elections  :  Members  :  Patrick  J.  Flynn, 
Tulare,  Cal.;  Conway  B.  Hunt,  Washington,  D.  C;  Norton 
Taylor.  Tacoma,  Wash. 

Junior  :   Maurice  A.  Viele,  New  York. 

A  paper  on  the  Use  of  Asphalt  in  Building  Sea  Walls,  by 
W.  C.  Ambrose,  was  read.  It  referred  especially  to  the  con- 
struction of  a  wall  on  the  Southern  Pacific  in  Southern  Cali- 
fornia, where  the  asphalt  used  was  from  California  bituminous 
rock.     This  was  discussed  by  members  present. 

A  paper  on  the  Howe  Strut  Problem,  by  N.  J.  Conover,  of 
too  mathematical  a  nature  to  be  read,  was  ordered  printed. 


Canadian  Society  of  Civil  Engineers.— The  annual  meet- 
ing was  held  in  Montreal,  January  16.  The  Secretary  reported 
total  expenditures  of  f3,59i,  with  a  balance  of  $2,730  on  hand. 
The  building  (und  now  amounts  to  $2,840  ;  a  number  of  dona- 
tions to  the  library  were  received.  There  are  now  633  members 
in  all. 

The  Gzowski  medal  was  awarded  to  H.  P.  Vauteler  for  his 
paper  on  Bridge  Construction. 

The  following  officers  were  elected  :  President,  Sir  Casimir 
Gzowski  ;  Vice-Presidents,  J.  Kennedy,  E.  P.  Hannaford  and 
F.  J.  Lynch  ;  Treasurer,  H.  Wallis  ;  Secretary,  H.  T.  Bovey  ; 
Librarian,  F.  Chadwick. 


Engineering  Association  of  the  South. — The  regular  meet- 
ing was  held  m  Nashville,  Tenn.,  February  12.  A  paper  en- 
titled Weather  Forecasts  and  How  to  Make  Them  was  rtad 
by  J.  B.  Marbury,  United  States  Signal  Ofl5cer  at  Nashville. 
It  was  followed  by  a  discussion  by  members  present. 


Boston  Society  of  Civil  Engineers.— At  the  regular 
meeting,  January  21,  a  Committee  was  appointed  to  nominate 
oflScers  for  the  ensuing  year. 

Papers  were  read  on  Survey  Outfits  by  Frank  P.  Johnson, 
and  on  the  Improvement  of  the  Upper  Missouri,  by  Lawrence 
Bradford. 

New  England  Water-Works  Association.— An  adjourned 
meeting  was  held  in  Boston,  February  ii.  The  paper  presented 
by  Mr.  Davis  at  the  preceding  meeting,  describing  the  moving 
of  700  ft.  of  pipe,  was  discussed,  and  some  further  information 
drawn  out. 

Mr.  George  F.  Chase  read  a  paper  on  the  Care  of  Water 
Mains,  with  special  reference  to  the  effect  of  the  condition  of 
the  pipes  on  the  quality  of  the  water.  He  held  that,  to  keep 
water  supply  in  satisfactory  condition,  as  much  depends  on  the 
care  of  the  mains  as  on  that  of  the  reservoir. 

Mr.  Gowing  presented  a  paper  on  the  Best  Means  of  Laying 
Water  Pipe  Across  a  River.  This  called  out  considerable  dis- 
cussion as  to  whether  it  was  best  to  lay  pipe  under  a  river  or  on 
a  bridge,  and  a  number  of  members  presented  their  experience. 

Superintendent  Forbes  read  a  paper  on  Driven  Wells,  hav- 
ing special  reference  to  the  best  material  and  form  of  construc- 
tion, and  to  the  character  of  the  water  obtained  by  such  wells 
in  Brookline,  Mass,  This  paper  was  discussed  by  a  number  of 
members  present. 

Engineers'  Club  of  Philadelphia,-- -At  the  regular  meeting, 
January  17,  the  Secretary  presented,  for  Mr.  George  R.  Hen- 
derson, an  illustrated  paper  upon  Locomotive  Driving  Springs. 
He  had  occasion  some  years  ago  to  examine  quite  thoroughly 
the  laws  governing  the  deflection  of  locomotive  springs,  and 
found  the  formula  usually  given  in  books  to  be  incorrect,  be- 
cause the  shape  of  the  spring  is  not  given  due  consideration. 
He  constructed  a  new  formula,  which  he  has  proved  by  actual 
tests  in  a  number  of  cases. 

Mr.  Carl  Hering  read  a  paper  on  a  Portable  Photometer  for 
Measuring  Street  Lights  and  Illumination  in  General.  After 
enumerating  the  difficulties  attending  such  out-door  measure- 
ments, he  described  the  portable  photometer  devised  by  him, 
which  had  given  very  satisfactory  results.  The  method  adopted 
differed  from  the  usual  one  in  that  the  standard  of  light  and  the 
unknown  light  were  both  on  the  same  side  of  the  screen,  and  were 
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balanced  by  an  auxiliary  portable  light  in  the  photometer  at  a 
jiced  distance  from  the  screen.  The  photometer  is  first  calibrated 
by  balancing  this  auxiliary  light  against  the  standard  ;  this  is  done 
indoors.  The  photometer  is  then  ready  for  use  out  of  doors, 
the  unknown  light  being  balanced  against  the  auxiliary  by  mov- 
ing the  whole  photometer  to  or  from  the  light.  The  adjust- 
ments are  made  so  as  to  .reduce  the  calculations  to  the  simplest 
possible.  The  photometer  consists  of  a  light  wooden  tube  open 
at  both  ends  and  containing  the  screen  and  auxiliary  light,  to- 
gether with  the  switch  and  tape  for  measuring  the  distance. 
The  auxiliary  light  was  a  small  electric  light  supplied  by  a  port- 
able accumulator  carried  by  the  operator.  This  photometer 
could  also  be  used  to  measure  illumination  in  general,  such  as 
daylight,  sunlight,  moonlight,  or  the  illumination  on  a  table, 
desk,  etc.,  for  which  measurements  a  stationary  photometer 
cannot  be  used.  

The  officers  elected  for  1891  are  :  President.  Wilfred  Lewis  ; 
Vice-President,  S.  M.  Prevost  ;  Secretary  and  Treasurer,  How- 
ard Murphy  ;  Directors,  Rudolph  Hering,  Percival  Roberts. 
Jr.,  F.  H.  Lewis,  R.  J.  Salom  and  George  S.  Webster. 


Ohio  Institute  of  Mining^  Engineers. — The  eleventh  an- 
nual meeting  was  held  in  Columbus,  O.,  beginning  January  22. 
The  annual  address  was  delivered  by  the  President,  Mr.  An- 
thony Howells,  of  Massillon.  The  meeting  continued  two  days 
and  a  number  of  papers  of  interest  were  read,  including  one  by 
Professor  Orton  on  Corporations  and  Natural  Gas  Supplies  ;  by 
].  A.  Edeonthe  Minerals  of  Virginia  ;  by  N.  W.  Lord  on  Blast 
Furnace  Tar  and  Ammonia  :  by  Andrew  Roy  on  the  Lower  Coal 
Measures  of  the  Ohio  and  Big  Sandy,  and  a  number  of  others. 

The  meeting  was  varied  by  visits  to  the  manufacturing  estab- 
lishments in  Columbus  and  vicinity.  Much  attention  was  paid 
to  the  works  of  the  Lechner  Electric  Company,  where  the 
specialty  is  the  application  of  the  electric  motor  to  mining  ma- 
chinery. 

The  following  officers  were  elected  :  President,  Anthony  How- 
ells, Massillon  ;  Secretary  and  Treasurer,  R.  M.  Hazeltine, 
Columbus  ;  Executive  Committee,  N.  W.  Lord,  F.  W.  Sperr  and 
Andrew  Roy. 

Engineers'  Club  of  Cincinnati. — At  the  regular  meeting, 
January  15.  Louis  Zepernich  and  John  W.  Cowper  were  elected 
members.  On  report  of  the  special  Committee  it  was  decided 
that  the  question  of  the  Club  becoming  a  member  of  the  Asso- 
ciation of  Engineering  Societies  be  deferred  for  the  present. 

Mr.  Edwin  A.  Hill,  Real  Estate  Agent  of  the  Cleveland,  Cin- 
cinnati, Chicago  &  St.  Louis  Railroad,  read  a  paper  on  Office 
Records,  which  comprised  a  very  thorough  and  comprehensive 
description  of  the  manner  of  filing  the  correspondence,  deeds, 
leases,  agreements,  etc.,  and  conducting  the  accounts  and  cor- 
respondence of  one  of  the  most  important  and  busy  departments 
of  the  various  railroads  comprising  the  Big  Four  system. 


Engineers'  Club  of  Minneapolis. — At  the  annual  meeting, 
January  15,  the  following  officers  were  elected  :  President. 
Professor  W.  A.  Pike  :  Vice  President.  T.  P.  A.  Howe  ;  Sec- 
retary and  Treasurer.  F.  W.  Capeileu  ;  Librarian.  A.  B.  Coe. 

Arrangements  were  completed  for  holding  joint  meetings 
with  the  St.  Paul  Club  in  addition  to  the  regular  meetings  of 
the  Club  in  Minneapolis. 


Technical  Society  of  the  Pacific  Coast.— At  the  annual 
meeting  in  December  the  following  oflScers  were  elected  :  Pres- 
ident. John  Richards  ;  Vice-President,  Luther  Wagoner  ; 
Treasurer,  George  F.  Schild  ;  Secretary,  Otto  von  Geldern  ; 
Directors.  Hermann  Kower,  Ross  E.  Browne,  C.  E.  Grunsky, 
James  W.  Reid,  Alpheus  Bull. 


p  ^^*'^*^'*'^  meeting,  January  2,  R.  B.  Elder  read  a  paper 
on  Electrical  Accumulators,  giving  the  history  and  application 
'^' ^forage  batteries  up  to  the  present  time. 

Mr.  A.  T.  Herrmann  submitted  a  draft  of  an  act  to  regulate  land 
surveying.  This  called  out  considerable  discussion,  and  it  was 
generally  admitted  that  legislation  was  very  much  needed.  The 
subject  was  finally  referred  to  a  special  committee  with  power  to 
revise  the  proposed  bill  and  submit  it  to  the  Legislature. 


Engineers'  Society  of  Western  Pennsylvania.- The  an- 
nual meeting  was  held  in  Pittsburgh,  January  20,  when  the  Sec- 
retary reported  a  total  of  370  members.  The  standing  com- 
mittees presented  their  reports,  and  the  retiring  President,  Mr. 
w.  L.  Scaite,  made  bis  annual  address. 


The  following  officers  were  elected  for  the  ensuing  year  : 
President,  Colonel  T.  P.  Roberts  ;  Vice-President,  A.  F-. 
Hunt  :  Secretary,  J.  H.  Harlow  ;  Treasurer,  A.  E.  Frost. 

Mr.  Charles  F.  Scott  read  a  paper  on  Electrical  Plant  for  Min- 
ing Coal,  the  discussion  of  which  was  postponed  until  the  next 
meeting.  

Southern  Society  of  Civil  Engineers.— A  meeting  was 
held  at  Jacksonville,  Fla.,  January  20.  The  President,  Mr. 
L.  J.  Barbot,  of  Charleston,  S.  C,  delivered  an  address,  which 
was  ordered  printed  for  the  use  of  members.  It  was  re- 
solved that  the  present  officers  should  hold  over  for  another 
year. 

A  number  of  new  members  were  elected.  It  was  decided  to 
hold  quarterly  meetings  during  the  current  year,  the  next  one 
to  be  at  Savannah,  April  20,  and  the  third  at  Charleston,  July 
20.  The  place  and  date  of  the  October  meeting  will  be  an- 
nounced hereafter. 

New  England  Railroad  Club. — The  regular  monthly  meet- 
ing was  held  in  Boston,  February  11.  The  subject  for  discus- 
sion was  the  Painting  of  Cars,  which  was  opened  by  Mr.  Charlts 
Richardson,  who  spoke  at  length,  saying  that  interior  decora- 
tion is  an  important  factor  in  railroad  economy,  for  no  car  is 
complete  or  acceptable  to  the  traveling  public  unless  good  taste 
has  been  used  in  making  it  attractive.  This  accomplished,  dts- 
tances  seem  shorter  and  trips  pleasanter  to  the  passenger  and 
better  patronage  for  the  road  is  secured.  The  exterior  paint- 
ing, decorating  and  varnishing  of  passenger  and  freight  cars 
are  also  real  problems  to  be  solved.  It  is  difficult  to  slight  this 
work,  except  at  the  expense  of  durability.  The  quality  of  ma- 
terial used  is  more  important  than  the  price.  Many  of  the 
articles,  such  as  oil  and  varnish,  should  be  bought  in  large 
quantities,  allowing  them  time  to  become  well  settled  before 
using.  All  material  should  be  pure  and  finely  ground.  The 
mixing  or  preparing  of  paint  should  be  in  the  hands  of  one  per- 
son, who  should  weigh  and  measure  each  article  rather  than 
guess  at  quantities.  Many  coatings  are  not  advisable  ;  light 
coatings  dry  quicker,  harder,  and  are  less  liable  to  crack,  scale 
or  fade.     Always  use  pure  linseed-oil. 

A  number  of  Master  Painters  from  different  roads  were  pres- 
ent and  a  long  discussion  followed  these  remarks,  the  sp«>akers 
being  Messrs.  Brown  and  Lange  of  the  Old  Colony  ;  Hibbard 
and  Jewett,  of  the  Boston  «Sc  Albany  ;  Nelson  and  Walion,  of  the 
New  York,  Providence  &  Boston  ;  Worrall,  of  the  Boston  & 
Maine  and  others. 

Western  Railway  Club. — At  the  regular  meeting,  in  Chi- 
cago, February  17,  the  first  subject  for  discussion  was  Vertical 
Plane  Couplers,  which  was  continued  over  from  the  January 
meeting. 

This  was  followed  by  a  discussion  upon  the  paper  on  Coun- 
terbalancing Locomotives,  which  was  read  at  the  January 
meeting. 

The  third  subject  was  Car  Lighting,  on  which  a  paper  was 
presented  by  Mr.  George  M.  Gibbs,  Mechanical  Engineer  of 
the  Chicago,  Milwaukee  &  St.  Paul  Railroad. 


Central  Railway  Club.— At  the  quarterly  meeting,  in 
Buffalo,  January  2H,  the  subjects  discussed  were  the  Amount  of 
Fastening  Necessary  on  Center  Plates  and  the  Amount  of  Break- 
age of  a  M.  C.  B.  Coupler  which  would  Cause  the  Rejection  of 
a  Car. 

The  following  officers  were  elected  for  the  ensuing  year : 
President,  Eugene  Chamberlain  ;  Vice-President,  F.  B.  Griffith  ; 
Secretary,  John  McBeth. 

American  Society  of  Mechanical  Engineers. — The  23d 
meeting,  which  will  be  the  spring  meeting  of  1891,  will  be  held 
in  Providence,  R.  I.,  about  the  second  week  in  June.  The  ex- 
act time  and  the  arrangements  for  the  meeting  will  be  an- 
nounced later. 

Papers  to  be  read  at  this  meeting  must  be  in  the  Secretary's 
hands  by  May  i  at  the  latest. 


NOTES  AND  NEWS. 


The  Sault  Ste.  Marie  Canal.— General  Poe  has  been  ad- 
vised thai  the  contract  to  build  the  new  lock  in  the  Sault  Canal 
has  been  awarded  to  Hughes  Brothers  &  Bangs,  of  Syracuse, 
N.  Y.,  their  bid  being  $1,268,500.  Work  will  be  begun  on  the 
contract  as  .«oon  a"?  it  is  possible  to  get  machinery  and  material 
on  the  ground.     The  lock  is  to  be  Soo  ft.  long  and  100  ft.  wide. 
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At  the  mean  of  low  waters  there  will  be  a  depth  of  21  ft.  in  the 
lock.  At  the  present  stage  of  water  there  would  be  22  ft.  4  in. 
In  the  lock  there  will  be  over  80,000  cubic  yards  of  masonry. 
Over  3,500,000  feet  of  lumber  will  be  required  in  its  construc- 
tion. The  gates  alone  will  weigh  over  1,200  tons.  It  is  hoped 
that  the  lock  will  be  completed  in  five  years. — Marine\Review. 

Photographing  Bad  Roads. — The  League  of  American 
Wheelmen,  which  is  naturally  much  interested  in  the  improve- 
ment of  roads,  proposes  to  use  for  that  purpose  a  series  of  ob- 
ject lessons,  or  "awful  examples,"  and  has,  therefore,  offered 
three  prizes  for  the  best  collections  of  photographs  showing  the 


A  Twin  Screw  River  Boat. — The  accompanying  illustra- 
tion, from  Le  Yacht,  shows  a  light  boat  for  service  on  the  Me- 
kong River,  in  Cochin-China,  built  by  M.  Dubigeon,  at  Nantes, 
France.  She  is  164  ft.  long,  23  ft.  wide  and  5  ft.  7  in.  deep  ; 
she  draws  only  27^  in.  of  water  when  fully  loaded.  The  two  en- 
gines are  triple-expansion,  made  very  light,  and  steam  is  sup- 
plied by  two  locomotive  boilers  of  steel,  built  to  carry  145  lbs. 
working  pressure  ;  the  fuel  will  be  wood.  The  twin  screws 
work  in  recesses  formed  in  the  after  end  of  the  boat,  as  shown 
by  the  dotted  lines  in  fig.  i  ;  fig.  2  is  a  cross-section  showing 
the  arrangement  and  the  form  of  these  recesses. 

The  boat  has  two  decks,  but  is  provided  with  very  little  cabin 
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actual  condition  of  public  roads,  by  which  are  meant  the 
ordinary  highways  and  not  city  streets.  The  prizes  are  ijJso, 
$30  and  $20,  and  the  collection  must  include  not  less  than 
three  photographs.  These  should  show  the  actual  condition  of 
roads  at  their  worst,  with  the  inevitable  results — breakdowns, 
wagons  stuck  in  the  mud,  etc.  As  a  contrast,  photographs  of 
good  smooth  roads  will  also  be  acceptable.  Further  informa- 
tion can  be  obtained  from  Mr.  Charles  L.  Burdett,  of  Hartford, 
Conn.,  or  Mr.  Isaac  B.  Potter,  No.  278  Potter  Building,  New 
York. 

Flaws  in  Iron  and  Steel. — Captain  de  Place, 
invented  an  instrument  for  detecting  flaws  in 
rs  and  forgings,  which  is  called  the  scisCophone. 
the  London  Times,  the  apparatus  consists  of  a 
small  pneumktic  tapper  worked  by  the  hand,  and  with  which  the 
piece  of  steel  or  iron  to  be  tested  is  tapped  all  over.  Connected 
with  the  tapped  is  a  telephone  with  a  microphone  interposed  in 
the  circuit.  Two  operators  are  required,  one  to  apply  the  tap- 
per and  the  other  to  listen  through  the  telophone  to  the  sounds 
produced.  These  operators  are  in  separate  apartments,  so  that 
the  direct  sounds  of  the  taps  may  not  disturb  the  listener, 
whose  province  it  is  to  detect  flaws.  The  two,  however,  are  in 
electrical  communication,  so  that  the  instant  the  listener  hears 
a  false  sound  he  can  signal  to  his  colleague  to  mark  the  metal 
at  the  point  of  the  last  tap.  In  practice  the  listener  sits  with 
the  telephone  to  his  ear,  and  so  long  as  the  taps  are  normal  he 
does  nothing.  Directly  a  false 
sound  —  which  is  very  distinct 
from  the  normal  sound  —  is 
heard,  he  at  once  signals  for  the 
spot  to  be  marked.  By  this 
means  he  is  able  not  only  to 
detect  a  flaw,  but  to  localize  it. 
Under  the  auspices  of  the  South- 
eastern Railway  Company,  a 
demonstration  of  the  sciseo- 
phone  was  given  recently  by 
Captain  de  Place  in  the  presence 
of  several  members  of  the  Ord- 
nance Committee  and  other  Gov- 
ernment officials.  Mr.  Stirling, 
the  company's  Locomotive  Su- 
perintendent,had  previously  had 
several  samples  of  steel,  wrought 
iron  and  cast  iron  prepared  with 
hidden  flaws  known  only  to  him- 
self. The  first  sample  tested  by 
Captain  de  Place  he  pronounced 
to  be  bad  metal  throughout, 
which  Mr.  Stirling  stated  he 
knew  it  to  be.  Other  samples 
were  tested,  and  the  flaws  local- 
ized by  means  of  the  apparatus. 
On  some  of  the  bars  of  wrought 

and  cast  iron  being  broken,  the  internal  flaws— the  localities 
of  which  were  known  to  Mr.  Stirling  by  his  private  mark 
— were  found  to  have  been  correctly  localized  by  Captain  de 
Place.  On  the  other  hand,  some  bars  were  broken  at  points 
where  the  apparatus  indicated  a  flaw,  but  where  the  metal 
proved  to  be  perfectly  sound  ;  so  that  the  apparatus  is  not  yet 
(juite  trustworthy. 


accommodation,  the  open  decks  being  preferable  in  the  very 
hot  climate  where  she  is  to  work. 


Eiffel  Tower. — M.  Mascart 

Tower  a  pendulum  which  is 

It  consists  of  a  bronze  wire 


The  Great  Pendulum  in  the 
has  recently  placed  in  the  Eiffel 
certainly  the  largest  ever  put  up. 
115  meters  (377.20  ft.)  long,  attached  to  the  center  of  the  second 
platform  of  the  tower  and  reaching  to  a  point  2  meters  (6.56  ft.) 
from  the  ground.  This  wire  supports  a  steel  sphere  weighing 
96  kilogrammes  (211.58  lbs.). 

It  may  be  noted  here  that  a  pendulum  was  once  suspended 
under  the  dome  of  the  Pantheon  by  M.  Foucault,  and  that  there 
has  been  recently  some  talk  of  replacing  it  there. 

There  has  also  been,  for  some  months  past,  in  the  tower  of 
St.  Jacques,  a  pendulum  extending  from  the  top  nearly  to  the 
bottom,  the  weight  of  which  describes  its  oscillations  in  the 
hall  on  the  second  story.  —  Revue  Scientijique,  Paris. 

An  Old  Time  Bill  of  Lading. — The  accompanying  is  a  re- 
production, on  a  reduced  scale,  of  an  old-time  document,  sent  to 
us  by  Mr.  J.  A.  Droege,  Master  of  Transportation  of  the  East 
Tennessee,  Virginia  &  Georgia  Railroad,  who  writes:  "The 
enclosed  is  a  relic  of  interest,  a  bill  of  lading  dated  March  15, 
1851 — about  39  years  agO' — of  the  Macon  «&  Western  Railroad  ; 
this  is  the  old  name  for  the  Central  of  Georgia.  Barnesviile 
to  Thomaston  is  a  distance  of  16  miles  ;  my  presumption  is 
that  the  figures  in  the  upper  left-hand  corner  represent  weights 

fttacon  nnl)  IPfstcvn  fiaitvont«. 
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The  whole  weighing. 


RECEIVED  ihn  iiiif,  froM  TraiiSjiorlalum  Dfparlmeiit 
MACON  AND  WESTERN  RAILROAD,        ^-c^e-^-t^ 

Paekagn  Goods,  all  in  good  orJtr, 
tehich  are  to  be  deVicatd  nf  7<Ay  good  order,  mlkout  delay,  viilo 

at  &■      Kv"  fer  hundred pmtndi. 

Wago.scr's  Residence,  ) 


paying  Freight 


Pe^-C^^ 


n^agoner. 


of  various  articles,  as  they  would  be  rather  high  freight  charges, 
even  in  that  day." 

The  goods,  whatever  they  were,  seem  to  have  completed  their 
journey  from  Barnesviile  by  team,  as  the  wagoner  "  Peter"  — 
now  doubtless  gone,  with  his  team — has  receipted  for  them. 
The  document  beats  marks  of  age,  but  is  in  better  shape  than 
might  be  expected. 
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Bi?  Guns. — Mr.  J.  H.  Longrldge,  the  eminent  English 
mechanical  engineer,  has  written  a  pamphlet  in  which  he  says 
thai  with  a  pressure  of  30  tons,  and  the  comparatively  short 
ami  he  recommends  for  naval  use,  the  high  velocity  of  3,000  ft. 
a  second  could  be  easily  attained,  and  he  concludes  his  brochure 
by  utterly  condemning  long  guns,  and  stating  his  "  conviction 
that  guns  of  a  very  large  caliber  are  a  further  mis- 
take," and  "  that  a  g-in.  or  lo-in.  high-pressure  gun  would  be 
sufficient  for  any  effect  that  is  required  against  the 
heaviest  armor  afloat." 

Population  of  Japan. — Official  returns  show  that 
the  population  of  Japan  on  December  31,  1889,  was 
40,072,020 — 20246,336  males  and  19,825,684  fe- 
males— who  occupied  7,840,872  houses.  Subdivid- 
ing the  population  into  classes,  there  were  3,825 
Kwazoku  (nobles),  1,993.637  Shizoku  (middle  class), 
and  38,074,558  Heimin  (lower  class).  As  against 
the  previous  year  there  is  an  increase  of  464,786  in 
the  population,  and  of  38,046  in  the  number  of 
houses.  Of  the  total  population  14,890,238  were 
married  and  25,181,782  (12,801,217  males  and 
12,380,565  females)  unmarried. 

A  Lake  Carrier  and  Her  Work. — The  accom- 
panying illustration,  for  which  we  are  indebted  to 
the  Cleveland  Marine  Review,  shows  the  steamer 
Harlem,  belonging  to  the  Western  Transit  Com- 
pany, and  employed  in  that  company's  line  between 
Buffalo  and  Chicago.  This  boat  left  Buffalo  for  ' 
Chicago  on  her  first  trip  April  8,  1890,  and  between 
that  time  and  the  close  of  the  season  of  navigation 
made  27  round  trips,  handling  in  all  102,500  tons  of 
freight,  or  an  average  of  about  3,800  tons. 

The  Harlem  cost  $250,000  ;  she  was  built  by  the  Detroit  Dry 
Dock  Company  in  Detroit. 

The  smaller  illustration,  also  from  the  Marine  Review,  shows 
the  steamer  Owego,  which  is  not  only  a  large  carrier,  but  has 
the  reputation  of  being  the  fastest  large  boat  on  the  lakes. 


crossed  in  a  single  span  of  S20  ft.  The  steel  superstructure  of 
the  last-named  span  was  designed  by  Sir  A.  M.  Rendel,  and 
consists  of  a  pair  of  cantilevers,  each  having  a  projection  of 
310  ft.,  carrying  between  them  a  central  girder  200  ft.  m  length. 
The  paper  was  principally  a  description  of  the  methods  em- 
ployed in  the  erection  of  this  span.  Each  cantilever  has  a  ver- 
tical height  of  170  ft.  above  the  abutment,  and  at  this  point  the 
principal  members  consist  of  a  vertical  pillar  and  an  inclined 


WESTERN  LINER  "HARLEM." 

Color  Blindness. — Extensive  tests  have  recently  been  under- 
taken in  Russia  as  to  color-blindness  among  the  various  rail- 
way servants.  The  result  was  that  of  12,542  switchmen.  68 
were  color-blind  ;  of  4,620  station-masters,  17  were  color- 
blind ;  of  6,321  machinists,  21  were  color-blind,  and  of  18,000 
watchmen  on  the  railways,  140  were  color-blind.  The  various 
color-blind  officials  have  now  been  either  transferred  to 
occupations  where  this  defect  is  of  no  importance,  or  dis- 
missed. 

The  Lansdowne  Bridge.— A  description  of  the  bridge 
thus  named,  which  is  one  of  the  great  bridges  recently  com- 
pleted in  India,  is  given  in  a  paper  recently  read  before  the 
Institution  of  Civil  Engineers  in  London  by  Mr.  F.  E.  Robert- 
son. At  Sukkur,  where  the  Northwestern  State  Railway  has 
peen  carried  across  the  Indus,  the  river  passes  through  an 
•solated  ridge  of  nummulitic  limestone,  and  is  divided  into  two 
Channels.  The  Sukkur  Pass  is  bridged  by  three  spans  of  278 
"•»  238  ft.  and  94^  i\.  respectively,  while  the  Rori  Channel  is 


UNION  LINER  "OWEGO." 

strut  or  jib,  united  at  the  top  by  a  horizontal  tie,  and  tied  back 
by  an  inclined  land- tie  or  backstay  anchored  into  the  rock. 
When  the  anchorage  had  been  bedded,  the  inclined  guy  and 
the  vertical  pillar  were  erected  by  means  of  temporary  staging, 
and  were    permanently  connected    at   the   top.     The  inclined 

strut,  which  is  230  ft.  in  length,  was 
then  built  up  Irom  the  abutment, 
being  laid  in  its  inclined  position 
on  staging  at  the  lower  end,  and 
further  supported,  as  it  progressed, 
by  temporary  wire  ropes  from  the 
vertical  pillar.  For  the  erection  of 
the  permanent  horizontal  tie  be- 
tween the  lops  of  the  pillar  and  the 
strut,  a  temporary  wire  rope  sus- 
pension bridge  was  thrown  across 
the  space  of  123  ft.  between  their 
summits.  This  bridge  carried  a 
gantry,  on  which  ran  the  travelers 
employed  in  erecting  the  steelwork 
of  the  horizontal  tie.  The  canti- 
levers on  each  side  of  the  river  hav- 
ing thus  been  pushed  forward  with 
an  over-reach  of  123  ft.,  a  system 
of  running  overhead  rope  gear  was 
fitted  up,  spanning  the  invervening 
gap,  and  serving  for  the  erection  of 
the  remaining  members  of  each 
cantilever  piece  by  piece.  The  ropes 
were  worked  from  the  summit  of 
each  cantilever  by  winches,  which 
were  driven  by  a  steair -engine  on 
and  by  means  of  a  running  rope. 
When  the  cantilevers  had  thus 
been  carried  out  to  their  full  length, 
the  central  girder  was  erected  upon  a  temporary  inverted  bow- 
string, which  was  slung  across  the  opening  with  the  aid  of  the 
overhead  gear. 

Structural  Iron. — The  increase  in  the  use  of  structural  iron 
in  the  Northwest  is  one  of  the  most  interesting  points  in  the 
marvelous  development  of  the  section,  and  is  by  no  means  con- 
fined to  the  two  or  three  cities  therein  which  lay  claim  to  metro- 
politan distinction.  In  nearly  all  public  buildings  and  in  private 
enterprises  of  the  more  permanent  and  substantial  character, 
whether  they  are  in  towns  of  a  hundred  thousand  or  two  thou- 
sand inhabitants,  mors  or  less  architectural  iron  work  is  used, 
and  experienced  builders  say  the  proportion  consumed  is  quite 
as  heavy  in  the  Northwest  according  to  population  as  it  is  in 
the  East.  When  it  is  considered  that  the  cities  and  towns  of 
the  Northwest  have  all  been  built  in  a  hurry  and  supposedly 
with  less  regard  for  the  element  of  permanence  than  the  neces- 
sity for  expedition,  the  true  importance  of  the  fact  is  plain. 
As  an  industry  the  manufacture  of  architectural  iron  ought  to 
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grovr  very  rapidly  and  keep  pace  fully  with  the  development  of 
the  iion  resources  of  the  country. — North-western  Mechanic. 

The  Topographical  Survey  of  Connecticut.  —  For  two 
years  past  this  survey  has  been  in  progress  under  charge  of  a 
Commission  consisting  of  Professor  William  H.  Brewer,  of 
New  Haven  ;  James  H.  Chapin,  of  Meriden,  and  John  W. 
Bacon,  of  Danbury.  The  work  is  carried  on  in  co-operation 
with  the  United  States  Geological  Survey,  and  will  probably 
be  finished  in  another  year.  It  will  for  the  first  time  show  the 
actual  size  of  the  State,  if  the  dispute  with  Rhode  Island  about 
the  Pawcatuck  River  boundary  can  be  satisfactorily  adjusted  in 
the  mean  time. 

The  survey  has  been  made  with  special  reference  to  the  to- 
pography of  the  State,  and  in  this  regard  the  map  will  be  very 


be  required,  owing  to  legislation  on  the  Harlem  improvement, 
which  will  be  urged  at  Albany  this  winter. 

A  Japanese  Canal.  — A  canal  has  recently  been  completed 
in  Japan  to  connect  Lake  Biwa  with  the  Kamagawa  River  and 
the  city  of  Kioto.  This  canal  is  6.88  miles  long  altogether,  and 
has  on  its  course  some  important  works.  The  accompanying 
illustrations  are  views  on  the  line,  taken  for  La  Nature. 

The  canal  has  to  pass  through  several  ranges  of  mountains, 
and  this  is  effected  by  means  of  three  tunnels,  the  length  of 
which  are  8,040  ft.,  411ft.  and  2,802  ft.  respectively.  These 
tunnels  are  of  the  section  shown  in  Cg.  2,  and  have  a  breadth  of 
16  ft.  and  a  height  of  14  ft.  They  are  lined  throughout  wiih 
masonry.  Fig.  2  shows  the  entrance  to  No.  r  tunnel,  which  is 
8,040  ft.  long  and  is  the  second  longest  in  Japan.     At  a  dis 
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accurate.  Owing  to  the  fact  that  several  of  the  towns  have  neg- 
lected to  mark  out  their  boundary  lines,  from  local  disputation 
or  other  cause,  the  subdivisions  of  the  Slate  cannot  be  marked 
with  the  exactitude  that  was  desired  ;  but  for  this  those  towns 
themselves  will  be  the  principal  sufTerers. 

The  map,  which  is  to  be  published  next  year,  will  show  all 
the  contours  and  delineations  of  the  surface  of  the  land,  denole 
every  lake,  river,  railroad,  and  highway,  and  will  also  show  the 
drainage  of  each  stream  that  might  possibly  be  used  for  local 
drain  or  sewer  work.  The  map  is  to  be  published  in  26  sheets, 
'  each  about  12  X  17  in.  A  section  will  represent  200  square 
miles  of  surface,  averaging  about  six  towns.  The  scale  to  be 
used  is  I  to  62,500. 

Separate  maps  will  show  the  divisions  of  cleared,  tillable,  and 
forest  lands.  A  notable  fact  that  has  been  brought  out  by  this 
survey  is  that  in  the  valley  through  which  the  Northampton 
Railroad  runs  there  are  no  tillable  lands  above  an  altitude  of 
400  ft.  between  New  Haven  and  Simsbury,  a  distance  of  42 
miles,  while  about  eight  miles  to  the  west  some  of  the  very  best 
farms  are  800  ft.  or  more  above  the  sea  level. 

The  Washington  Heights  Viaduct.— An  engineering 
work  of  considerable  importance  is  the  viaduct  on  which  work 
is  now  in  progress,  and  which  is  to  extend  from  St.  Nicholas 
Place  in  New  York  City  to  Seventh  Avenue  and  155th  Street, 
close  to  the  southern  end  of  the  Macomb's  Dam  Bridge.  The 
viaduct  is  1,600  ft.  long,  and  the  difference  in  height  between 
the  two  ends  is  about  80  ft.,  requiring  a  uniform  grade  of  5  ft. 
in  100.  The  abutment  at  St.  Nicholas  Place,  where  there  is  a 
high  rocky  bluff  rising  from  the  low  bank  of  the  Harlem  River, 
will  be  about  60  ft.  in  height,  the  foundation  being  blasted  out 
from  the  rocks  at  the  foot  of  the  bluff.  The  viaduct  will  be  car- 
ried from  that  point  to  Eighth  Avenue  on  spans  of  44  ft.,  each 
supported  by  iron  towers  rising  on  masonry  foundation.  At 
Eighth  Avenue  the  viaduct  will  be  48  ft.  above  the  street  and 
some  27  ft.  above  the  elevated  railroad,  which  it  crosses  at 
that  point.  For  the  remainder  of  the  distance  to  Seventh  Ave- 
nue the  spans  will  be  43  ft.  each. 

The  full  width  of  the  viaduct  will  be  60  ft.,  of  which  40  ft. 
will  be  a  road-bed  for  vehicles,  the  remainder  being  taken  up 
by  a  lo-ft.  sidewalk  on  each  side.  Over  the  elevated  station 
at  Eighth  Avenue  there  will  be  a  plaza  or  platform  80  X  too 
ft.,  from  which  stairs  will  descend  to  the  station.  The  road- 
way will  be  made  of  steel  buckle  plates,  over  which  will  be 
placed  a  layer  of  concrete,  upon  which  will  rest  a  granite  block 
pavement  of  the  kind  ordinarily  used  in  the  streets.  The  side- 
walks will  be  of  asphalt.  The  viaduct  is  to  be  completed  about 
a  year  from  the  present  time.  The  work  now  iq  progress  is 
the  construction  of  the  stone  foundations  for  the  iron  piers. 

In  connection  with  this  viaduct  a  new  bridge  is  to  be  built 
over  the  Harlem  River,  which  will  be  known  as  the  Webster 
Bridge,  and  will  take  the  place  of  the  old  Macomb's  Dam  Bridge. 
The  plans  for  this  had  been  prepared,  but  some  changes  have 
been   proposed,    and  it  is    not    impossible    that    others  will 


tance  of  about  5^  miles  from  Lake  Biwa  the  canal  is  divided 
into  two  portions,  one  joining  the  River  Kamagawa,  and  the 
other  leading  northward  to  Kogawa,  the  northern  extremity  of 
the  city  of  Kioto.  The  second  portion  of  the  canal,  alter  pass 
ing  through  a  tunnel  450  ft.  long,  crosses  the  Valley  of  the  Im- 
perial Tombs  by  a  handsome  aqueduct,  which  is  shown  in  fig. 
3.  This  aqueduct  is  300  ft.  long,  and  consists  of  14  arches  of 
masonrj'. 

Fig.  I  shows  the  entrance  to  the  canal  at  the  extremity  of 
Lake  Biwa.  This  entrance  was  formed  by  reclaiming  about 
I, coo  ft.  of  the  lake,  and  forming  a  breakwater  to  protect  it  and 
ensure  still  water. 

The  canal  serves  a  double  purpose,  furnishing  a  line  of  navi- 
jjation,  and  bringing  down  the  water  from  Lake  Biwa  for  use  in 
irrigating  the  lands  about  Kioto. 

Ventilating  Sewers. — The  accompanying  illustration  shows 
a  method  of  ventilating  a  sewer  devised  by  Messrs.  A.  ForH 
and  E.  Wright,  and  recently  tested  at  Portsmouth,  England. 
It  consists  in  placing  a  special  ventilating  pipe  in  the  upper  part 
of  the  sewer  with  openings  at  intervals  ;  at  the  lower  end  this 
pipe  communicates  with  the  air,  and  its  other  end  is  in  a  venti- 
lating shaft  or  chimney,  placed  at  the  highest  level  of  the  sewer. 
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A  current  of  air  is  induced  by  forcing  a  small  stream  of  water 
through  the  pipe. 

I«  the  sewer  where  it  was  tried,  which  is  47  in.  in  diameter 
and  about  10  ft.  below  the  surface,  the  ventilating-pipe  is  of 
steel,  5i  in.  in  diameter  and  made  in  lengths  of  30  in.,  with  an 
opening  close  to  each  joint.  The  pipe  was  fixed  to  the  brick 
of  the  sewer  by  staples  driven  in. 

In  a  length  of  300  ft.  selected  for  the  test  a  water  current  con- 
suming 3^  cub.  ft.  per  hour  was  found  to  cause  a  current  through 
the  ventilator  varying  from  330  to  380  ft.  per  minute,  accord- 
ing to  the  amount  of  water  in  the  sewer,  the  height  of  the  latter 
varying  from  14  in.  to  29J  in.  The  discharge  from  the  venti- 
lator was  from  2.100  to  2,500  cub.  ft.  per  hour,  which,  allowing 
for  the  varying  level,  was  equivalent  to  a  complete  renewal  oi 
the  air  in  an  hour. 
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NEW  YORK,  APRIL,  1891. 


On  May  i  the  offices  of  The  Railroad  and  Engineer- 
ing Journal  will  be  removed  to  the  new  building,  Nos, 
45-49  Cedar  Street.  The  correct  address  of  the  Journal 
will  therefore  be,  after  May  i,  No.  47  Cedar  Street,  New 
York  City. 

The  best  method  of  protecting  iron  and  steel  structures 
from  rust  is  an  important  question  for  engineers,  and  one 
on  which  there  are  wide  differences  of  opinion.  In  an- 
other column  a  contributor  expresses  very  decided  opin- 
ions in  favor  of  the  use  of  red  lead  for  this  purpose,  and 
gives  some  very  good  reasons  in  favor  of  his  views.  Dis- 
cussion of  this  question  may  do  much  good  ;  and  state- 
ments of  experience  in  this  direction  will  be  very  useful. 
The  use  of  iron  and  steel  in  bridges  and  other  structures 
is  now  SQ  general  that  the  best  protection  of  the  metal 
against  deterioration  is  a  matter  which  should  interest 
almost  every  one. 

The  production  of  Bessemer  steel  in  the  United  States 
last  year,  like  the  production  of  pig  iron,  was  the  largest 
on  record.  The  total  amount  as  recorded  by  the  Amer- 
ican Iron  &  Steel  Association,  was  4,123,535  net  tons, 
an  increase  of  841,706  tons,  or  26  per  cent,  over  the  pro- 
duction  of  1889.  The  figures  include  76,990  tons  made  by 
the  Clapp  Griffiths  process  and  a  small  amount  by  the 
Robert  process. 

Of  the  total  production  about  60  per  cent,  was  made  in 
Pennsylvania  and  a  little  o/er  20  per  cent,  in  Illinois,  the 
l>ilance  being  furnished  by  other  States. 

The  production  of  steel  rails  also  showed  a  large  in- 
^  rease.  It  amounted  last  year  to  2,013,188  net  tons,  an 
increase  of  about  22  per  cent,  over  the  previous  year  ; 
that  IS,  nearly  half  the  Bessemer  steel  produced  was  con- 
vened into  rails.  The  increase  in  rail  production  was  not 
fiuiie  as  great  as  in  the  total  steel  production,  the  tendency 
ast  year  being  the  same  as  in  previous  years,  the  propor- 
lon  of  steel  used  for  other  purposes  having  increased 
largely  for  several  years  past.  Rail  production  has 
showed  a  very  considerable  gain,  but  has  not  kept  pace 


with  the  steel  production,  a  fact 'which  will  not  surprise 
any  one  who  knows  the  continual  increase  in  the  applica- 
tion of  steel  for  other  purposes,  especially  in  building  and 
architectural  work. 

The  special  bulletin  issued  by  the  Census  shows  in  a 
striking  way  the  increase  in  the  production  of  anthracite 
coal.  In  the  Census  year  1889  the  production  was  40,- 
665.000  long  tons,  against  25,576,000  tons  10  years  ago. 
The  total  shipments  of  anthracite  for  the  10  years  1870-79 
were  195,714,000,  and  for  the  10  years  1880-^9,  they  were 
315,523,000  tons,  showing  an  increase  of  over  50  per  cent, 
in  the  average  for  the  10  years.  Anthracite  shipments  are 
apt  to  be  somewhat  variable  every  year,  owing  to  various 
causes  which  are  well  understood  by  the  operators,  so  that 
the  10  years'  average  affords  the  best  basis  for  comparison. 
According  to  the  information  collected  by  the  Census 
there  are  342  coal  breakers  and  collieries  in  operation  in 
the  anthracite  region,  but  as  the  average  number  of  days' 
work  is  not  over  200  in  the  year,  it  appears  that  the  pro- 
duction is  much  below  the  possible  maximum. 

An  addition  to  consumption,  which  is  seldom  taken  into 
account,  is  the  amount  now  drawn  from  the  culm-banks 
of  the  various  collieries.  A  considerable  quantity  of 
small  coal  and  coal  dust,  which  was  formerly  thrown  away 
upon  the  bank,  is  now  utilized,  and  the  banks  which  have 
accumulated  at  many  collieries  are  continually  being 
drawn  upon.  In  time,  probably,  all  of  this  waste  will  be 
utilized,  when  the  increasing  cost  of  mining  will  make  it 
profitable  to  put  in  the  necessary  appliances. 

The  Census  report  of  the  Maryland  coal  product,  which 
includes  chiefly  that  of  the  Cumberland  and  adjoining 
regions,  does  not  show  much  increase,  the  output  for  the 
last  Census  year  being  2,940,000  short  tons,  against  2,229,- 
000  tons  10  years  ago.  The  production  last  year,  how- 
ever, was  considerably  less  than  in  1888,  owing  chiefly  to 
lack  of  transportation.  The  coal  of  the  Cumberland 
region  is  almost  entirely  used  as  a  steam  coal,  owing  to 
its  peculiar  qualities  and  high  reputation,  and  most  of  it 
goes  Eastward  to  tidewater,  a  great  deal  being  used  by 
sea-going  vessels,  while  large  quantities  are  carried  by 
water  to  the  Eastern  States. 


Probably  no  industry  included  in  the  Census  will  show 
greater  increase  between  the  loth  and  nth  Census  than 
coal  mining  in  Alabama.  The  preliminary  report  gives 
the  total  production  of  the  State  last  year  at  3,378,000 
tons,  while  10  years  ago  it  amounted  only  to  324,000.  A 
large  part  of  this  production  was  used  at  home  by  the 
furnaces  and  other  manufacturing  establishments,  but 
considerable  shipments  were  made  to  other  States,  and  an 
increasing  amount  finds  its  way  to  tidewater  for  export, 
chiefly  to  the  West  Indies,  or  for  steamship  use. 

There  are  three  well-known  coal  districts  in  Alabama, 
the  Warrior,  the  Coosa  and  the  Cahaba  fields,  including 
a  total  area  of  about  8,700  square  miles. 


The  amendment  to  the  Interstate  Commerce  law,  which 
was  passed  by  Congress  at  its  last  session,  gives  the  Com- 
mission power  to  require  the  attendance  of  witnesses, 
production  of  books,  and  such  other  information  from 
common  carriers,  subject  to  the  law,  as  may  be  required 
to  enable  the  Commission  to  perform  its  duties.  Attend- 
ance of  witnesses  may  be  required  from  any  place  in  the 


146 


THE    RAILROAD    AND 


[April,  iggt. 


United  States  to  any  designated  place  of  hearing,  and  the 
orders  of  the  Commission  may  be  enforced  by  the  United 
States  Circuit  Court.  The  Commission  also  receives  the 
usual  powers  in  relation  to  taking  depositions,  etc.,  the 
appointment  of  deputies  and  other  necessary  powers. 
This  is  an  amendment  which  the  Commission  has  been 
trying  to  secure  for  some  time  as  necessary  to  the  proper 
execution  of  its  work. 


The  process  of  railroad  consolidation  still  continues, 
the  latest  step  made  being  the  lease  of  the  Rome,  Water- 
town  &  Ogdensburg  Railroad  by  the  New  York  Central  & 
Hudson  River  Company.  By  this  lease  the  lessee  adds 
some  700  miles  to  its  system,  and  secures  control  of  a  road 
which  might  be  used  to  some  extent  as  a  competitor  for 
traffic,  though  most  of  its  business  has  always  found  an 
outlet  over  the  Central's  line.  The  lease  seems  to  have 
been  forced  upon  the  Rome  Company  by  the  threat  of  a 
competing  line  for  its  most  profitable  traffic,  but  the  terms 
are  sufficiently  favorable  to  the  stockholders,  who  arc 
guaranteed  dividends  equal  to  those  they  have  been  re- 
ceiving lately,  after  a  suspension  of  several  years. 


The  New  York  Central  Company  is  credited  with  fur- 
ther plans  for  increasing  its  system,  by  controlling  the 
New  York,  Ontario  &  Western,  which  has  never  been  a 
profitable  line.  The  Central  might  be  able  to  work  it  to 
better  advantage,  and  the  unioa  would  do  away  with  some 
competition.  It  is  also  reported  that  the  Central  would 
like  to  secure  control  of  the  Delaware  &  Hudson  Canal 
Company's  lines  in  Northern  New  York.  That  company 
is  a  strong  one,  however,  and  much  of  its  stock  is  owned 
by  wealthy  and  influential  men.  It  has  generally  worked 
very  harmoniously  with  the  Central,  and  it  is  possible  that 
the  rumors  of  a  lease  are  not  well  founded  in  fact. 


The  success  attained  with  the  Weems  electric  railroad, 
on  a  somewhat  imperfect  experimental  track  with  a  small 
car,  has  led  to  the  formation  of  plans  for  a  larger  road, 
supplied  with  an  electric  locomotive  and  cars  of  sufficient 
size  to  carry  passengers.  Mr.  O.  T.  Crosby,  the  consult- 
ing electrician,  who  has  prepared  the  plans,  believes  that 
with  a  properly  constructed  track  and  a  locomotive  of 
sufficient  size  a  speed  of  150  miles  an  hour  can  be  reached 
without  difficulty. 

The  experiments  made  with  the  small  car  on  the  Weems 
system  seem  to  mark  this  as  the  most  promising  plan  for 
fast  travel  on  an  electric  road  yet  brought  forward.  The 
speed  attained  is  limited  by  the  defects  of  the  track  used, 
but  it  is  said  to  have  reached  115  miles  an  hour. 


The  latest  proposition  for  an  addition  to  the  Chicago 
Exposition  is  made  by  Mr.  C.  W.  Hastings,  of  Kansas 
City,  who  proposes  a  tower  1,000  ft.  in  height.  It  is, 
however,  to  be  directly  the  reverse  of  the  Eiffel  Tower,  as 
instead  of  having  a  broad  base  and  tapering  gradually  to 
the  summit,  the  base  is  to  be  small,  about  20  ft.  in  diam- 
eter, while  at  800  ft.  above  the  ground,  the  diameter  will 
be  nearly  200  ft.  In  other  words,  it  will  very  much  re- 
semble the  Eiffel  Tower  upside  down.  Its  stability  is  to 
be  secured  by  huge  stays  or  guy-ropes  stretched  in  all 
directions,  and  upon  the  summit  will  be  a  summer  garden, 
gymnasium,  dining-room,  etc. 

Should  any  of  the  guy-ropes  give  way,  it  is  to  be  feared 
that  this  extraordinary  structure  would  not  be  in  a  position 


to  support  the  hotel  and  other  establishments  on  its  top 
very  long,  especially  if  there  were  any  wind  blowing. 
Moreover,  there  are  some  slight  difficulties  in  the  erection, 
which  Mr.  Hastings  does  not  seem  to  have  taken  into 
account. 


The  Naval  appropriation  bill,  as  finally  passed,  makes 
provision  for  only  one  new  vessel,  a  protected  cruiser  of 
7,300  tons  displacement  and  21  knots  speed. 

Other  special  appropriations  include  f  100,000  for  tests  of 
armor  ;  $100,000  for  traveling  cranes  at  the  New  York  and 
the  Norfolk  yards  ;  $136,889  for  the  new  Naval  Observa- 
tory, and  $25,000  for  the  naval  militia. 


The  bill  authorizing  the  Government  to  guarantee  $100,- 
000,000  bonds  of  the  Nicaragua  Canal  Company  failed  to 
pass  Congress,  owing  to  lack  of  time.  It  will  be  brought 
forward  again  in  the  next  Congress. 


The  plan  adopted  for  stirring  up  public  opinion  on  the 
highway  question  by  the  Engineering  Association  of  the 
South  is  to  have  short,  pointed,  practical  papers,  to  be 
printed  and  widely  distributed.  This  seems  to  be  an  ex- 
cellent way  ;  thegreatest  difficulty  will  be  at  the  beginning 
— to  secure  suitable  papers. 


The  chief  value  and  purpose  of  the  diplomatic  service  of 
the  United  States  is  to  help  and  forward  its  commercial 
interests  abroad,  and  consequently  its  manufacturing  in- 
terests at  home.  The  State  Department  has  done  some 
very  good  work  in  this  direction,  and  the  consular  reports 
which  it  issues  contain  much  valuable  information.  The 
more  credit  is  due  to  the  Department  for  what  it  has  done, 
when  it  is  remembered  that  under  our  present  system  it 
has  too  often  to  make  the  best  possible  use  of  very  inefTi- 
cient  agents. 

Under  these  circumstances,  it  is  not  at  all  encouraging 
to  find  a  person  appointed  to  the  very  important  position 
of  Minister  to  China,  whose  sole  recommendation  is  that 
he  is  a  politician  *'  out  of  a  job. "  Personally  the  new  min- 
ister's character  may  be  unexceptionable,  but  he  is  cer- 
tainly far  from  being  fitted  for  a  post  which,  beyond  any 
other  in  our  diplomatic  service,  requires  a  shrewd,  capable, 
active  man  of  affairs.  China  is  just  beginning,  through 
many  struggles,  to  recognize  the  necessity  of  building  rail- 
roads, and  of  adopting  modern  methods  of  mining,  mod- 
ern appliances  in  manufacture,  and  modern  ships.  The 
process  is  a  very  slow  and  difficult  one  at  best,  but  there 
is  progress,  and  at  this  juncture  the  services  of  a  capable 
man,  with  some  knowledge  of  Chinese  affairs  and  the 
national  character,  might  be  of  inestimable  value  to  Amer- 
ican manufacturers  and  engineers.  Such  a  man  could  be 
found  ;  there  are  a  few  names  that  will  suggest  themselves 
to  any  one  who  thinks  on  the  subject  ;  but  *'  politics"  have 
been  too  much  for  the  appointing  power,  and  our  interests 
must  suffer  accordingly. 


The  Japanese  Government  has  resolved  upon  a  large 
increase  of  its  navy,  the  policy  being  to  promote  shipbuiUl 
ing  at  home  as  much  as  possible.  Considerable  additioiis 
have  already  been  made  to  the  navy,  and  the  Japanese 
mercantile  marine  is  growing  rapidly,  but  the  home  ship- 
yards are  still  insufficient  in  capacity  to  construct  a  num- 
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ber  of  war-ships.  The  programme  recently  adopted  pro- 
vides for  25  new  ships,  including  battle-ships,  fast  cruisers 
and  coast  defense  batteries.  The  first  to  be  bought  or 
built  during  the  current  year  will  be  two  armored  cruisers 
and  three  torpedo  boats,  all  of  which  will  be  procured  in 
Europe,  and  a  similar  addition  will  be  made  every  year 
for  the  next  four  or  five  years.  These  new  ships  will 
bring  the  Navy  of  Japan  up  to  75  vessels,  of  which  about 
40  will  be  of  the  most  modern  construction. 


The  Navy  Department  has  already  sent  out  a  call  for 
bids  for  the  construction  of  Cruiser  No.  13,  the  only  new 
ship  authorized  by  Congress  at  the  last  session.  The 
plans  are  not  yet  completed,  but  it  is  stated  that  they  will 
follow  closely  those  of  No.  12,  the  fast  three-screw  cruiser 
now  building  at  the  Cramp  yards,  in  Philadelphia.  The 
new  ship  will  have  three  screws,  a  sea  speed  of  21  knots 
an  hour,  and  will  be  of  7,400  tons  displacement.  She  will 
be  a  fast  cruiser,  with  large  coal  capacity  and  consequent 
long  cruising  range,  and  with  comparatively  light  arma- 
ment.    The  bids  will  be  opened  in  June. 


The  "  whale-back"  steamer  Colgate  Hoyt,  which  was 
described  and  illustrated  in  our  columns  some  months  ago, 
has  developed  another  good  quality  in  addition  to  those 
already  claimed  for  her  by  her  builders.  On  her  last  trip 
down  for  last  season  her  captain  reports  that  she  proved 
herself  a  first-class  ice-breaker,  the  peculiar  form  of  her 
bow  working  away  and  breaking  up  easily  the  ice  which 
was  formmg  rapidly  on  the  lake  as  she  came  through. 

The  whale-back  ships  are  to  be  tried  on  the  ocean  as 
well  as  on  the  lakes,  one  being  under  construction  which 
is  to  be  sent  through  the  canals  to  the  Atlantic.  This 
boat  will  be  employed  in  carrying  iron  ore  from  Cuba  to 
the  United  States. 

The  two  steel  steamships  which  were  built  last  summer 
in  the  Wheeler  Yard  at  Bay  City,  Mich.,  for  the  coasting 
trade,  have  been  successfully  brought  down  to  Montreal 
and  will  soon  be  ready  to  take  their  places  on  the  Atlantic. 
As  they  were  too  large  to  pass  the  St.  Lawrence  Canals, 
the  novel  plan  was  adopted  of  cutting  them  in  two  and 
sending  them  down  in  sections  to  Montreal,  where  the 
halves  were  joined  together.  The  bulkheads  were  arranged 
with  a  view  to  this,  and  the  trip  was  made  without  acci- 
dent of  any  kind.  4 

The  Intercontinental  Railroad  Commission  is  making 
arrangements  for  preliminary  surveys  of  the  proposed 
line  through  Central  America,  which  is  to  connect  the 
Mexican  railroad  system  with  the  railroads  of  South 
America,  and  to  form  a  link  in  the  great  Intercontinental 
j-lme.  Several  parties  will  shortly  be  put  in  the  field,  and 
*  the  Secretary  of  War  has  detailed  a  number  of  Army 
oiticers,  who  will  be  employed  in  this  work  under  the  gen- 
eral direction  of  the  Commission. 


The  latest  accounts  from  Russia  are  to  the  effect  that 

\vork  is  to  be  begun  this  year  on  the  Siberian  Railroad,  and 

tliat  six  years  are  to  be  allowed  for  the  completion  of  the 

work.     Thia  covers  only  the  sections  surveyed,  of  which  a 

y  luii  account  has  been  given  in  the  Journal,  leaving 

i|en  tne  two  long  stretches  covered  by  water  navigation, 

•ch  are  to  be  replaced  by  railroad  lines  later.     There 

ittle  doubt,  however,  that  the  western  section,  from 


Chelabinsk  to  Tomsk,  will  be  supplied  with  a  railroad  be- 
fore the  central  section  is  finished,  since  the  work  of  con- 
struction itself  will  show  the  difficulty  of  relying  on  a  long 
and  circuitous  river  line  in  that  country. 


THE  CENTENNIAL  OF  PATENTS. 


The  first  American  Patent  Law,  entitled  '*  An  Act  to 
Promote  the  Progress  of  the  Useful  Arts,"  was  signed  by 
George  Washington  on  April  10,  1791.  In  view  of  the 
results  of  this  wise  legislation  it  is  proposed  to  celebrate 
the  event  by  a  series  of  public  meetings  to  be  held  in 
Washington  on  April  8,  9  and  10,  an  announcement 
of  which  will  be  found  on  another  page.  An  inviting  list 
of  eminent  speakers  is  announced  for  that  occasion,  who 
will  discuss  the  history  and  the  advancement  of  the  patent 
system  and  its  influence  on  science,  art  and  progress  gen- 
erally. The  celebration  will  be  profitable  if  it  does  noth- 
ing else  excepting  to  elucidate  to  the  public  the  extent  to 
which  the  advancement  and  prosperity  of  the  country  and 
its  people,  has  been  and  is  due  to  our  patent  system. 

The  Constitution  of  the  United  States  very  wisely  pro- 
vided that  Congress  shall  have  power  **  to  promote  the 
progress  of  science  and  useful  arts  by  securing,  for  limited 
times,  to  authors  and  inventors,  the  exclusive  right  to  their 
respective  writings  and  discoveries."  The  wisdom  of 
doing  this  is,  however,  still  disputed  by  a  great  many  peo- 
ple ;  and  the  patent  system  has  many  enemies  in  Congress 
and  out  of  it.  The  recent  discussion  of  the  International 
Copyright  Bill  by  our  national  legislators  and  in  the  news- 
papers, has  revealed  how  confused  the  ideas  of  many  peo- 
ple are  with  reference  to  property  in  ideas.  More  than 
thirty  years  ago  Herbert  Spencer  wrote  :  "  That  a  man's 
right  to  the  produce  of  his  brain  is  equally  valid  with  his 
right  to  the  produce  of  his  hands,  is  a  fact  which  has  yet 
obtained  but  a  very  imperfect  recognition."  "  The  sense 
of  property,"  it  is  said  by  an  eminent  writer  on  law,  "  is 
inherent  in  the  human  breast ;  and  the  gradual  enlarge- 
ment and  cultivation  of  that  sense,  from  its  feeble  force  in 
the  savage  state  to  its  full  vigor  and  maturity  among  pol- 
ished nations,  forms  a  very  instructive  portion  of  civil 
society."  The  recent  adoption  of  the  International  Copy- 
right Bill,  and  a  celebration  of  the  beginning  of  the  patent 
system,  are  certainly  interesting  and  instructive  epochs  in 
the  gradual  enlargement  and  cultivation  of  the  sense  of 
property.  Perhaps  no  fitter  words  could  be  found  for  pro- 
mulgating the  celebration  of  the  anniversary  of  the  sign- 
ing of  the  first  American  patent  law  than  those  of  Chan- 
cellor Kent  in  his  "Commentaries  on  American  Law,"  in 
which  he  says  :  "  It  has  been  found  necessary,  however, 
for  the  promotion  of  the  useful  arts,  and  the  encourage- 
ment of  learning,  that  ingenious  men  should  be  stimulated 
to  the  most  active  exertion  of  the  powers  of  genius  in  the 
production  of  works  useful  to  the  country  and  instructive 
to  mankind,  by  the  hope  of  profit,  as  well  as  by  the  love  of 
fame  or  a  sense  of  duty.  It  is  just  that  they  should  enjoy 
the  pecuniary  Profits  resulting  from  mental  as  well  as 
bodily  labor." 

In  other  words,  the  Government  said,  in  effect,  one  hun- 
dred years  ago,  that,  in  order  to  stimulate  invention,  it 
would  secure  to  inventors,  for  a  limited  time,  the  right  to 
the  exclusive  use  and  profit  of  their  productions  and  dis- 
coveries. Quoting  Herbert  Spencer  again,  "  there  are 
philanthropic  and  even  thinking  men  who  consider  that 
the  valuable  ideas  originated  by  individuals — ideas  which 
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may  be  of  great  national  advantage — should  be  taken  out 
of  private  hands  and  thrown  open  to  the  public  at  large." 
This  spirit  has  manifested  itself  very  strongly  among  the 
granger  farmers  of  the  West,  and  is  common  among  some 
manufacturers,  and  frequently  crops  out  in  attempts  at 
legislation.  There  are  many  people  who  hold  that  to 
allow  the  discoverer  of  any  new  or  improved  mode  of  pro- 
duction to  have  the  exclusive  use  of  his  invention  is  an 
injustice.  The  question  is  constantly  recurring.  Why 
should  a  person  who  first  invents  or  discovers  a  new  and 
useful  art,  machine,  manufacture,  or  composition  of  mat- 
ter, have  rights  secured  to  him  which  are  denied  to  another, 
who  is  the  second  inventor,  and  whp  may  invent  or  dis- 
cover the  same  thing  an  hour,  a  day,  or  a  year  later  ?  The 
answer  to  this  is,  that  unless  such  rights  are  secured  to  in- 
ventors they  will  stop  inventing,  or,  in  the  language  of  the 
eminent  author  from  whom  we  have  already  quoted  :  "  Just 
in  so  far  as  the  benefits  likely  to  accrue  to  the  inventor  are 
precarious,  will  he  be  deterred  from  carrying  out  his  plans. 
•  If,'  thinks  he  to  himself,  '  others  are  to  enjoy  the  fruits 
of  these  wearisome  studies  and  these  numberless  experi- 
ments, why  should  I  continue  them  ?  If,  in  addition  to 
all  the  possibilities  of  failure  in  the  scheme  itself,  all  the 
time,  trouble  and  expense  of  my  investigations,  all  the 
chances  of  destruction  to  my  claim  by  disclosure  of  the 
plan,  all  the  heavy  costs  attendant  upon  obtaining  legal 
protection,  I  am  liable  to  be  deprived  of  my  right  by  any 
scoundrel  who  may  infringe  it  in  the  expectation  that  I 
shall  \not  have  money  or  madness  enough  to  institute  a 
chancery  suit  against  him,  I  had  better  abandon  the  proj- 
ect at  olte^.'  And  although  such  reflections  may  often 
fail  to  extingHisn  the  sanguine  hopes  of  an  inventor, 
although  he  may  still  prosecute  his  scheme  to  the  end,  re- 
gardless of  all  risks,  yet  after  having  once  suffered  the 
losses  which,  ten  to  one,  society  will  inflict  on  him,  he  will 
take  good  care  never  again  to  enter  upon  a  similar  under- 
taking. Whatever  ideas  he  may  then  or  subsequently  en- 
tertain—some of  them  most  likely  valuable  ones— will 
remain  undeveloped  and  probably  die  with  him.  Did 
mankind  know  the  many  important  discoveries  which  the 
ingenious  are  prevented  from  giving  to  the  world  by  the 
cost  of  obtaining  legal  protection,  or  by  the  distrust  of  that 
protection  if  obtained — were  people  duly  to  appreciate  the 
consequent  check  put  upon  the  development  of  the  means 
of  production — and  could  they  properly  estimate  the  loss 
thereby  entailed  upon  themselves,  they  would  begin  to  see 
that  the  recognition  of  the  right  of  property  in  ideas,  is 
only  less  important  than  the  recognition  of  the  right  of 
property  in  goods." 

In  all  probability  many  of  the  most  important  inventions 
which  have  been  made,  and  which  are  used  in  recent  years, 
would  either  never  have  been  developed,  or  would  have 
been  delayed  for  years  had  there  been  no  patent  laws  to 
protect  the  inventor  while  he  was  working  out  his  ideas. 
Among  these  are  the  Bessemer  processes  of  making 
steel,  continuous  brakes,  interlocking  and  block  signals, 
to  say  nothing  of  the  electric  telegraph,  the  locomotive 
itself,  and  thousands  of  minor  inventions  through  or  by 
which  the  whole  art  of  railroading  has  been  built  up. 
Without  steel  rails  and  tires  the  cost  of  carrying  freight 
would  be  very  much  increased,  and  the  perfection  of  the 
signals  and  brakes  alone  makes  the  immense  traffic  of 
some  of  the  crowded  lines  possible,  or  at  any  rate  makes 
it  possible  with  comparative  safety. 

The  question  is   constantly   recurring.    Why   should  a 


person  who  first  invents  or  discovers  a  new  and  useful 
art,  machine,  manufacture,  or  composition  of  matter, 
have  rights  secured  10  him  which  are  denied  to  another 
who  is  the  second  inventor,  and  who  may  invent  or  dis- 
cover the  same  thing  an  hour,  a  day,  or  a  year  later  ? 
It  would  be  well  if  the  critics  of  the  patent  system  would 
consider  the  probable  effect  of  repealing  the  patent 
laws,  and  the  result  which  would  follow  if  the  Government 
should  refuse  to  secure  to  inventors  the  exclusive  right  to 
their  inventions.  The  purpose  of  the  patent  law  is  to 
"  stimulate  ingenious  men,"  and  that  it  accomplishes  its 
purpose  the  weekly  issue  of  patents  testifies. 

A  preliminary  programme  of  the  celebration  sets  forth 
that  distinguished  speakers  will  show  the  influence  which 
invention  has  had  in  Household  Economy  ;  Medicine, 
Surgery,  and  Practical  Sanitation  ;  Electrical  Science, 
Material  Development  of  the  United  States  ;  Railroads  and 
other  means  of  Intercommunication  ;  Chemistry  and  Phys- 
ics ;  the  New  South  ;  Implements  and  Munitions  of  Mod- 
ern Warfare  ;  Telegraph  and  Telephone  ;  the  Steam  En- 
gine, Agriculture,  and  the  Relation  of  Invention  to  Labor. 

In  the  interest  of  the  patent  system,  it  is  to  be  feared 
that  sufficient  evidence  to  prove  the  converse  of  the  gen- 
eral proposition,  embraced  by  these  subjects,  will  not  be 
brought  forth.  That  is,  the  opponents  of  the  patent  sys- 
tem will  say,  all  this  development  and  progress  is  not  the 
result  or  consequence  of  our  patent  laws,  but  it  has  been 
evolved  by  the  forces  of  our  civilization,  and  this  advance- 
ment would  have  occurred  as  rapidly  without  patents  as 
with  them.  It  is  difficult,  however,  to  conceive  of  any 
other  motives,  excepting  the  prospect  of  the  enjoyment  of 
pecuniary  profits,  which  would  be  sufficient  to  lead  most 
persons  to  suffer  the  ills  which  most  inventors  must  en- 
dure. *'  Fame,"  or  "  a  sense  of  duty"  might  lead  some 
to  invent,  and  others  might  engage  in  the  somewhat  ex- 
pensive and  absorbing  diversion  from  a  mere  love  of  it ; 
but  few  would  be  sustained  to  endure  the  rebuffs,  the  fail- 
ures, the  discouragements,  the  expense,  the  ridicule  often, 
the  loss  of  time,  and  the  uncertainty  which  nearly  all  who 
carry  an  invention  to  a  successful  issue,  are  subjected. 
A  little  experience  of  the  dilTiculties  which  must  be  en 
countered  would  soon  cool  the  ardor  of  the  most  ingenious 
men,  if  the  exclusive  right  to  the  use  of  their  inventions  were 
not  secured  to  them.  It  is  a  very  common  experience  for 
persons  of  an  inventive  turn  of  mind  to  conceive  of  some 
new  idea,  and  to  discover  that  it  is  old,  or  has  been  antici- 
pated, and  therefore  is  not  ^latentable.  The  alacrity  with 
which  such  conceptions  are  abandoned  is  strong  evidence 
in  favor  of  patent  laws. 

It  is  probable  that  few  persons  have  any  idea  of  the  ex- 
tent to  which  the  success  of  a  new  invention  is  dependent 
upon  the  zeal,  enthusiasm,  faith,  hope  and  perseverance 
of  the  inventor.  It  is  rare  that  a  new  machine  or  discovery 
springs  full-fledged,  or,  rather,  full-pinioned,  from  the 
mind  or  hand  of  its  author.  Usually  his  offspring  is  a 
puny  and  ungainly  chick,  which  requires  to  be  long  and 
carefully  nourished  with  paternal  hope  and  affection,  and 
needs  time  for  development  before  it  is  of  much  use.  It  is 
only  a  parent  who  will  give  such  care,  and  without  it  any 
infant  is  likely  to  perish. 

It  must  be  remembered,  too,  that  the  world  is  not  eager 
in  welcoming    new    inventions.     Generally   the   inventor 
must  fight  his  way.    He  must  overcome  ignorance,  selfisii 
ness,  and  the  depressing  mental  inertia  which  blocks  the 
way  of  all  progress,  and  will  not  move  excepting  under  the 
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hlows  of  some  intellectual  battering-ram.  It  is  in  this 
direction  that  the  inventor  does  much  of  his  most  useful 
work.  He  necessarily  becomes  a  sort  of  missionary  to 
preach  progress,  and  convert  those  who  do  not  believe  in 
it  ;  and  many  a  valuable  discovery  would  never  be  adopt- 
ed were  11  not  for  the  efforts  of  its  discoverer  in  teaching 
and  convincing  others  of  its  value.  Few  men  are  suffi- 
ciently unselfish  to  engage  in  such  work  without  the  hope 
of   pecuniary   profit,  and    this  is  supplied   by  our  patent 

laws. 

• — 

HIGHWAY  ROADS. 


The  agitation  of  the  highway  question  is  active  in  Ten- 
nessee, where  it  has  been  taken  up  by  th^  Nashville  Com- 
mercial Club — a  body  of  considerable  weight  and  influence 
—and  active  measures  have  been  taken  to  impress  upon 
the  people  the  value  of  better  roads.  Much  of  this  activity 
is  due  to  the  persistence  and  intelligence  of  one  man  (Pro- 
fessor O.  H.  Landreth,  of  Vanderbilt  University),  and  his 
success  is  an  instance  of  what  may  be  accomplished  in 
this  direction.  After  all,  the  advantages  of  good  roads  are 
so  manifest,  that  it  seems  as  if  all  that  is  really  necessary 
is  to  make  the  people  at  large  understand  them,  in  order 
to  secure  at  least  a  beginning  of  the  needed  reforT, 

The  bill  which  the  Nashville  Club  has  prepared  for  sub- 
mission to  the  Legislature  has  as  its  basis  the  adoption  of 
the  county  instead  of  the  road  district  as  the  highway  unit, 
and  this  is  supplemented  by  a  system  of  State  supervision. 
That  the  larger  district  is  necessary  to  secure  proper  man- 
agement there  is  little  doubt.  The  county  can  afford  to 
secure  the  services  of  an  engineer  where  the  little  road 
district  must  depend  on  such  time  as  an  overseer  can  spare 
from  his  other  work  ;  moreover,  even  if  he  wants  to  do 
well — which  is  not  always  the  case  by  any  means — he  is 
usually  unacquainted  with  the  proper  methods  of  building 
and  maintaining  roads.  Too  often  the  district  officer  cares 
only  to  get  along  with  as  little  trouble  as  possible,  and  to 
keep  on  good  terms  with  his  neighbors  by  making  their 
road  tax  as  light  as  possible. 

The  great  trouble  is  just  here— to  make  farmers  and  land- 
owners understand  that  their  nominal  road  tax,  under  any 
system,  is  a  trifling  one  compared  with  the  continual  tax 
imposed  on  them  by  bad  roads.  They  do  not  pay  this  in 
money,  but  it  is  none  the  less  real  and  onerous.  There  is 
hardly  a  county  in  the  United  States  where  a  good  road 
system  would  not  increase  the  value  of  farming  lands  ; 
and  but  little  calculation  is  needed  to  show  how  much  an  in- 
crease of  20,  or  even  10  per  cent,  in  the  load  which  his 
team  can  haul  over  a  road  would  benefit  the  farmer.  This 
is  a  gain  which  can  be  realized  every  day  in  the  year 
almost,  so  that  its  total  must  be  considerable  even  for  the 
smallest  farmer. 

Some  advance  in  the  highway  question  is  to  be  noted 
elsewhere  than  in  Tennessee.  In  New  York  a  bill  to 
carry  out  Governor  Hill's  recommendation  of  a  system  of 
State  roads  is  before  the  State  Legislature,  and  has  a  fair 
chance  of  passing.  In  New  Jersey  the  county  system  is 
beginning  to  show  its  advantages  in  those  counties  where 
It  has  been  adopted,  so  that  others  are  preparing  to  fol- 
low their  example.  In  Pennsylvania  the  agitation  con- 
tinues, and  some  action  may  be  taken  this  year  on  the 
recommendations  made  by  the  Road  Commission. 

Agitation  is  needed  everywhere  ;  and  much  can  be  ac- 
complished by  local  bodies  like  the  Nashville  Commercial 


Club.  But  this  must  be  supplemented  by  instruction  in 
the  best  methods  of  building  and  maintaining  roads  ;  not 
theoretical,  but  practical,  with  regard  to  local  conditions 
and  the  greatest  economy  consistent  with  good  work. 
This  can  be  done  in  many  cases  by  the  local  engineering 
associations  ;  and  there  is  no  more  useful  work  which  they 
can  undertake  than  to  follow  the  good  example  set  by  the 
Engineers'  Society  of  Western  Pennsylvania,  and  the  En- 
gineering Association  of  the  South. 


NEW   PUBLICATIONS. 


The  Durability  of  Brick  Pavements.  By  Professor  Ira 
O.  Baker.  (T.  A.  Randall  &  Company,  Indianapolis  ; 
price  25  cents.) 

Engineers  in  Eastern  cities,  where  stone  is  accessible  and 
usually  cheap,  do  not  realize  to  bo«r  great  an  extent  brick  is 
used  for  street  pavements  in  the  Mississippi  Valley  and  other 
parts  of  the  West  where  suitable  stone  is  not  to  be  had,  or 
where  it  must  be  brought  long  distances  and  is,  therefore, 
costly.  In  this  little  book  Professor  Baker  has  given  the  re- 
sults of  a  number  of  experimental  tests  made  by  him  with  a 
view  of  determining  the  value  of  brick  for  street  pavements,* 
as  compared  with  stone,  wood  and  other  materials.  The  re- 
sults were  more  favorable  to  brick  than  had  been  expected  ; 
but  they  agree  with  those  obtained  by  practical  tests  in  St. 
Louis  and  other  cities. 


The  Coal  Trade.  A  Compendium  of  Valuable  Information 
Relative  to  Coal  Production,  Prices,  Transportation,  etc.  By 
Frederick  E.  Saward.  {The  Coal  Trade  Journal,  New 
York.) 

This  is  the  eighteenth  number  of  Mr.  Saward's  valuable  an- 
nual, which  is  what  its  title  indicates,  a  valuable  compendium 
of  statistics  relating  to  the  coal  trade  of  this  country,  with  inci- 
dentally a  good  deal  about  the  same  trade  in  other  countries. 


Compound    Locomotives.      By  Arthur    T.   Woods,  M.M.E. 
(R.  M.  Van  Arsdale,  New  York.) 

This  book  is  a  republication  of  a  series  of  articles  which  first 
appeared  in  the  N'ational  Car  and  Locomotive  Builder,  in  the 
preparation  of  which  the  Author  says  it  has  been  his  aim  "  to 
combine  the  description  of  the  various  forms  of  compound  loco- 
motives which  have  been  actually  used,  with  so  much  of  the 
theory  of  the  design  of  compound  engines  as  would  seem  to  be 
directly  applicable  to  locomotive  practice. 

"  An  effort  has  been  made  to  present  an  unprejudiced  analy- 
sis of  each  type,  and  to  point  out  such  advantages  and  disad- 
vantages as  are  apparently  clearly  demonstrable,  while  care- 
fully avoiding  matters  of  individual  preference." 

This  purpose  the  Author  has  very  fully  accomplished  ;  and 
he  has  made  a  little  book  of  167  pages,  from  which  more  in- 
formation on  this  subject  can  be  obtained  than  from  any  other 
one  source.  The  literature  on  the  subject  is  scattered  very 
widely,  and  is  difficult  of  access  to  the  ordinary  reader,  so  that 
a  compilation,  or  rather  condensation  of  it,  like  the  book  be- 
fore us,  is  very  much  needed.  In  doing  his  work,  however, 
the  Author  did  more  than  compile  and  condense — he  digested 
his  material,  and  has  presented  it  in  clear  and  concise  style,  so 
that  any  one  with  an  elementary  knowledge  of  algebra  can  read 
it  understandingly. 

The  first  chapter  treats  of  the  theory  of  compound  engines  ; 
the  second  of  the  design  of  two-cylinder  compound  locomo- 
tives ;  the  third  of  the  Worsdell  von  Borries  System  ;  the 
fourth  of  the  Mallet  two-cylinder  type  ;  the  fifth  of  Ibe  Lindner 
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type  ;  the  sixth  of  the  economy  of  two-cylinder  engines  ;  the 
seventh  of  three-cylinder  engines  ;  the  eighth  of  the  starting 
power  and  performance  of  three-cylinder  engines  ;  the  ninth  of 
four-cylinder  receiver  engines  ;  the  tenth  of  four-cylinder  tan- 
dem engines  ;  the  eleventh  contains  a  comparison  of  types,  and 
the  twelfth  and  last  chapter  is  on  American  compound  locomo- 
tives. 

There  is  little  that  is  new  in  the  book  ;  but  this  is  not  writ- 
ten in  disparagement  of  it,  as  it  is  intended,  apparently,  only  as 
a  summary  of  the  existing  knowledge  on  the  subject. 

A  table  opposite  page  82  shows,  from  tests  with  simple  and 
compound  locomotives  in  different  parts  of  the  world,  an 
economy  in  fuel  consumption  varying  from  13  to  24  per  cent. 
The  highest  percentage  of  saving  was  for  a  six  months'  trial  of 
two  engines  in  Saxony,  working  with  the  same  boiler  pressure 
— 176.4  lbs.  in  each  engine,  which  otherwise  were  of  almost 
identical  dimensions.  In  another  case  the  pressure  in  each  en- 
gine was  120  lbs.,  with  a  saving  of  13.5  per  cent. 

In  speaking  of  the  Webb  compound  locomotive  the  Author 
says  :  "  The  weak  features  in  its  design,  from  an  American 
point  of  view,  have  been  charged  to  the  compound  system  in 
general,  and  its  successes  credited  to  the  personal  superintend- 
ence or  *  nursing'  of  the  inventor.  That  the  latter  is  a  factor 
which  is  at  least  worth  considering  in  estimating  the  value  of  re- 
ported results,  should  be  evident  to  all  who  are  familiar  with 
the  management  of  steam  machinery."  We  are  inclined  to 
think  that  this  remark  should  apply  to  the  recorded  perform- 
ances of  all  engines  whatsoever — simple  as  well  as  compound — 
and  not  to  the  Webb  engine  alone. 

There  is  much  cumulative  testimony,  showing  the  economy 
in  fuel  consumption  of  compound  over  simple  locomotives, 
but  not  more  than  there  was  a  few  years  ago  to  show  the 
economy  of  narrow-gauge  railroads  over  those  of  standard 
gauge.  It  was  the  friends  of  the  narrow  gauge  who  testified 
then,  it  is  the  friends  of  the  compound  locomotive  who  are  giv- 
ing: evidence  now.  The  arguments,  and  the  gauge,  which  were 
then  believed  in  so  earnestly,  have  both  been  narrowed  into 
nothingness.  It  may  be  well,  perhaps,  to  sift  the  evidence  in 
favor  of  compound  locomotives  very  carefully  now,  rather  than 
to  be  led  into  a  demonstration  as  expansive  as  that  which  was 
needed  to  refute  the  narrow-gauge  delusion. 


Valve  Gears.  By  H.  W.  Spangler,  P.  A.  Engr,,  U.  S.  Navy  ; 
Whitney  Professor  of  Mechanical  Engineering  in  the  Univer- 
sity of  Pennsylvania.     (John  Wiley  &  Sons,  New  York.) 

The  Author  of  this  treatise  says  that  it  was  prepared  for  class 
use,  which  accounts,  perhaps,  for  the  liberal  employment  of 
mathematics  in  its  pages.  It  may  be  well  for  purposes  of  dis- 
cipline and  training  of  students,  to  explain  subjects  by  methods 
more  difficult  to  understand  than  the  matter  explained,  but  to  a 
person  accustomed  to  practical  work  it  seems  a  circuitous  way 
of  reaching  an  end  to  which  there  is  a  more  direct  and  shorter 
road.  Take,  as  an  example,  the  following  formula,  which  is 
given  on  page  54.  for  calculating  the  distance  a  valve,  moved 
by  a  Stephenson  link,  travels  from  its  middle  position  : 

x=:  —  {2  ^      "-  COS.  fl  cos.  u-\-2  c  sin.  (J  cos.  w-f-2  u  cos.  S  sin.  w) 
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Would  any  engineer  of  experience  ever  use  such  a  method  to 
ascertain  the  distance  a  valve  has  moved  ? 

Then  two  very  simple  movements  of  the  valve  are  explained 
by  means  of  the  Zeuner  diagram,  which  is  not  always  easy  to 
understand.  Besides,  in  one  place,  it  is  admitted  that  in  deduc- 
ing the  equation  for  the  Zeuner  diagram,  certain  approximations 
have  been  made  which  cause  the  diagrams  to  be  more  or  less 
inexact.  In  other  words,  after  puzzling  the  student  with  diffi- 
CUH  elucidations,  it  is  admitted  that  neither  are  correct. 


■  The  book  treats  of  different  kinds  of  valves  and  methods  .if 
designing  them — the  Stephenson  link,  the  Gooch  motion,  the 
Allen  and  Fink  motions,  radial  gears,  including  Hachworth's, 
Marshall's,  Angstrom's  and  Joy's  ;  double  and  gridiron  valves, 
Polonceau's,  the  Buckeye,  Meyer's  and  Guinette's  gears,  and 
Bilgram's,  Releaux  and  elliptical  diagrams. 

The  book  gives  a  description  of  the  construction  and  princi- 
ples of  action  of  all  these  different  kinds  of  gears,  which  doubt- 
less will  be  useful  to  those  students  who  are  well  up  in  mathe- 
matics. To  most  practical  men  who  are  not  mathematicians, 
the  explanations  and  solutions  will  be  hard  to  understand.  In 
nearly  all  cases,  probably,  books  are  written  and  published  to 
sell.  Whether  this  was  the  object  or  not  in  issuing  the  one  re- 
viewed here  is  not  apparent  from  the  copy  before  us  ;  but  there 
can  be  little  doubt  that  its  field  of  usefulness  would  have  been 
much  wider  if  the  subjects  discussed  had  been  treated  graph  i 
cally  also,  and  if  difficult  mathematics  had  been  ignored. 

The  book  is  deficient,  too,  in  not  explaining  more  fully  what 
should  be  accomplished  by  a  valve-gear.  To  get  a  complete 
understanding  of  this,  valve-gear  must  be  studied  in  connection 
with,  or  rather  in  relation  to,  indicator  diagrams.  In  doing  this 
it  should  be  known  first  what  kind  of  indicator  diagrams  ought 
to  be  produced  by  a  valve  gear.  In  other  words,  the  first  que? 
tion  to  be  considered  is,  what  should  be  the  forms  of  indicator 
diagrams  to  produce  the  best  results  in  using  steam  in  engines 
of  different  kinds,  and  next,  how  should  the  gear  be  designed 
and  proportioned  to  produce  such  diagrams  ? 

Considerable  space  is  devoted  to  explaining  how  the  slip  of 
the  link-block  may  be  reduced.     This  slip,  it  is  said,  is  objec 
tionable  if  excessive,  which  may  be  doubted.     As  a  matter  of 
fact,  the  slip  of  the  block  in  a  Stephenson  or  Gooch  link,  and. 
probably,  in  other  gears,  may  be  a  very  useful  means  of  modi 
fying  the  action  of  the  gear  in  order  to  accomplish  certain  de 
sirable  results  ;  and  if  there  are  ample  bearing  surfaces,  it  really 
matters  very  little  whether  the  slip  is  much  or  little,  excepting,' 
so  far  as  the  action  of  the  gear  on  the  motion  of  the  valve  is 
concerned.     The  use  which  may  be  made  of  the  slip  of  the 
block  is  not  explained. 

The  book  before  us  will  be  very  useful  as  a  class  book  in  the 
hands  of  its  Author  or  other  teachers,  but  it  is  rather  a  book 
for  the  study  than  an  elucidation  of  the  subject  of  valve-gears 
for  practical  men. 

Fourth  Annual  Report  of  the  Interstate  Commerce 
Commission.  For  the  Year  1890.  (Government  Printing 
Office,  Washington.) 

The  fourth  report  of  the  Interstate  Commerce  Commission 
is  necessarily,  to  some  extent,  a  repetition  of  what  has  been 
said  before.  The  work  of  the  Commission  is  varied,  but,  after 
all,  it  presents  a  certain  monotony,  and  it  is  necessary  to  pre. 
sent  the  same  subjects  year  after  year,  and  to  repeat  ihft  same 
recommendations  in  order  to  secure  the  attention  of  Congress. 
That  body  is  too  apt  to  neglect  modest  claimants  and,  like  the 
unjust  judge  in  the  parable,  listen  to  those  who  weary  it  with 
constant  asking.  Four  years'  experience  with  the  interstate 
commerce  law  has  naturally  shown  its  weak  points  and  the 
provisions  which  need  to  be  changed  or  abolished,  but  it  is  no 
easy  matter  to  secure  these  changes  from  the  legislative  bodv. 

The  statement  of  the  work  done  for  the  year,  and  of  the 
practical  workings  of  regulation,  shows  that  the  Commission 
is  a  hard-working  body,  and  has  little  opportunity  for  idle- 
ness. 

Apart  from  this  statement,  the  subjects  treated  of  in  this  re 
port  are   Rate  Wars  and   Rate  Cutting  ;    Reasonable  Rates  ; 
Uniform  Classification  ;  Long  and  Short  Hauls  ;  State  Regu- 
lation ;   Foreign  Regulation  of  Railroads  ;'  Ticket  Biokerage  ; 
Through  Routes  and   Through    Rates,   and    Payment  of  Com 
missions  on  sales  of  Tickets, 
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The  report  recommends  some  needed  amendments  to  the 
act  and  gives  a  condensed  statement  of  the  methods  adopted 
in  the  different  States.  Appended  to  the  report  is  an  account 
of  the  Conference  of  Railroad  Commissioners,  and  also  a 
chapter  on  Railroad  Regulation  in  Foreign  Countries. 


HANnBOOK  OF  THE  AMERICAN  REPUBLICS.  Bulletin  No.  I 
t^f  the  Bureau  of  the  American  Republics,  January,  i8gi. 
(Washington  ;  Government  Printing  Office.) 

* 

O^c  of  the  results  of  the  Pan  American  Conference  at  Wash- 
ington last  year  has  been  the  establishment  of  the  Bureau  of 
the  American  Republics,  which  has  its  headquarters  in  Wash- 
ington, and  the  object  of  which  is  to  collect  and  distribute  in- 
formation of  interest  and  value  to  the  commercial  public  of 
American  countries,  the  end  in  view  being  the  improvement 
and  development  of  commercial  intercourse. 

The  present  Bulletin  No.  i  must  be  regarded  as  preliminary, 
and  in  fact  an  introduction  to  the  series.  It  is  what  its  leading 
title  indicates,  a  handbook  of  condensed  information  as  to  lines 
of  communication  between  the  United  States  and  the  Republic* 
of  Central  and  South  America  ;  commercial  systems  and  trade 
customs  of  the  different  countries  ;  commercial  laws  and  tariff 
systems  ;  productions,  imports  and  exports  ;  present  condition 
of  trade  ;  coinage  and  monetary  systems  ;  consular  regulations  ; 
and  a  variety  of  geographical  information. 

Necessarily  in  a  volume  where  condensation  and  brevity  is 
an  object  there  is  no  opportunity  for  literary  display  ;  but  the 
information  here  is  clearly  and  plainly  given.  Its  value  is 
much  increased  by  a  very  full  index.  The  statistics  and  other 
information  are  brought  up  to  the  latest  possible  date. 
Altogether  the  book  must  be  a  very  useful  one  to  those  for 
whom  it  is  intended,  and  it  is  an  excellent  beginning  of  a  prom- 
ised series. 


TRADE  CATALOGUES. 


The  Johnson  Railroad  Signal  Company's    Catalogue  :  Rahway, 

^r.J. 

The  word  catalogue  does  not  indicate  correctly  the  charact^er 
of  this  volume.  An  elementary  and  abridged  treatise  on  rail- 
road signaling  would  describe  it  better.  The  object  of  the 
pamphlet,  as  stated  in  the  introduction,  is  "  to  draw  attention 
to  the  appliances  of  the  lohnson  Railroad  Signal  Company,  and 
to  give  a  few  hints  on  signaling  in  general." 

It  explains  very  briefly  the  best  methods  of  protecting  switches, 
side-tracks,  grade-crossings,  draw-bridges,  single  and  double- 
track  junctions,  and  passenger  stations  with  signals.  These 
explanations  are  followed  by  remarks  on  the  arrangement  of 
tracks,  the  number  of  levers  which  should  be  used,  selectors, 
dwarf  signals,  and  a  description  of  the  Johnson  interlocking 
machine. 

The  pamphlet  will  be  found  very  useful  to  all  who  are  inter- 
'ested  in  signaling,  but  especially  to  those  railroad  men  who 
have  little  or  no  knowledge  of  interlocking  signals.  It  can  be 
read  in  less  than  an  hour,  and  it  contains  the  recommendations 
of  one  of  the  most  expert  signal  engineers  in  this  country. 

The  office  of  the  Johnson  Signal  Company  is  at  146  Broad- 
way, New  York  ;  the  works  are  at  Rahway,  N.  J. 


T/ie  Xorwood  Car  Replacer  Company,  Baltimore :  Illustrated 
Catalogue, 

Kosendale  Cement  ;  its  Uses  and  Modes  of  Application  :  by  Lud- 
low V.  Clark,  Jr.  New  York ;  the  La^vrence  Cement  Com- 
pany. 

Treatise  on  Cement  :  by  M.  Albert  Scull.  New  York;  the  Law- 
rence Cement  Company. 


BOOKS     RECEIVED. 


Procerdings  of  a  National  Convention  of  Railroad  Commission- 
ers held  at  the  Office  of  the  Interstate   Commerce   Commission^ 
Washington,  D.C.,  March  3  and  4,  1891.     Washington. 

Annual  Report  of  the  State  Board  of  Arbitration  of  Massachu- 
setts, for  the  year  X^c)0.     Boston  ;  State  Printers. 

Annual  Report  of  the  Board  »f  Regents  of  the  Smithsonian  In- 
stitution.     Washington  ;  Government  Printing  Office. 

Annual  Report  of  the  Smithsonian  Institution ;  the  United 
States  National  Museum.  Washington;  Government  PHnting 
Office. 

The  American  Patent  System  ;  a  Practical  Guide  to  the  In- 
ventor and  to  the  Investor  in  Patents ;  by  D.  Walter  Brown, 
New  York  ;  published  for  the  Author. 

Reports  of  the  Consuls  of  the  United  States  to  the  State  Depart- 
ment :  No.  123,  December,  i8go.  Washington  ;  Government 
Printing  Office. 

Eighth  Annual  Report  of  the  Board  of  Railroad  Commissiorurs 
of  the  State  of  New  York,  for  the  Fiscal  Year  ending  June  30, 
1890.     Albany,  N.  Y.  ;  State  Printer. 

Occasional  Papers  of  the  Institution  of  Civil  Engineers.  Lon« 
don,  England  ;  published  by  the  Institution.  The  papers  in- 
cluded in  this  issue  are  Steam  on  Common  Roads,  by  John 
McLaren  ;  Mental  Calculation,  by  W.  Pole  ;  Tramway  Perma- 
nent Way,  by  James  More,  Jr.  ;  Abstract  of  Papers  in  Foreign 
Transactions  and  Periodicals. 

Transactions  of  the  Denver  Society  of  Civil  Engineers  and 
Architects  :  Volume  I,  1890.  Denver,  Col.  :  published  for  the 
Society.  ,   , 

Nineteenth  Annual  Report  of  the  Superintendent  of  Water- 
Works,  Bay  City,  Mich.  :  E.  L.  Dunbar,  Superintendent.  Bay 
City,  Mich.  ;  published  by  the  City. 

Annual  Register  of  the  United  States  Naval  Academy,  Annapo- 
lis. Academic  Year,  1890-91.  Washington  ;  Government  Print- 
ing Office. 

Cornell  University,  College  of  Agriculture :  Third  Annual 
Report  of  the  Agricultural  Experiment  Station.  Ithaca,  N.  Y.  ; 
published  by  the  University. 

Municipal  Ownership  of  Quasi- Public  Works:  by  Allen  R, 
Foote ;  printed  for  the  Author.  This  is  a  reprint  of  a  pap>er 
read  by  Mr.  Foote  before  the  Washington  Branch  of  the  Ameri- 
can Economic  Association. 

Reform  in  Railway  Construction  :  by  Oberlin  Smith.  Reprint- 
ed from  the  Forum  for  the  Author. 

Annual  Messas^e  of  Chas,  M.  Howe,  Mayor  of  the  City  of  Pas- 
saic.    Passaic,  N.  J.  ;  printed  for  the  City. 

Quarterly  Report  of  the    Chief  of  the  Bureau  of  Statistics, 
Treasury  Department,  relative  to  the  Imports,  Exports,  Immigra- 
tion and  Navigation  of  the  United  States  for  the  Three  Months 
ending  September  30,  1890.     Washington  ;  Government  Printing 
Office. 


ABOUT   BOOKS  AND   PERIODICALS. 


Apart  from  teachers  and  others  whose  interest  in  the  sub- 
ject is  professional,  there  are  certainly  a  large  number  of  per- 
sons in  this  country  who  take  much  interest  in  geographical 
studies.  The  periodicals  issued  by  the  geographical  societies 
contain  many  valuable  papers,  but  these  are  often  too  long  for 
a  man  who  has  his  daily  work  or  profession  to  attend  to  ;  and 
their  circulation  is  necessarily  limited  to  the  members  of  the 
societies  and  their  immediate  circle. 

To  meet  this  want,  Messrs.  M.  &  J.  C.  Goldthwaite,  of  New 
York,   began  in  January  the   publication  of   GoldthwaiTe's 
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Geographical  Magazine,  a  monthly,  intended  to  present  new 
facts  ascertained  ;  descriptions  of  new  apparatus  and  methods  ; 
accounts  of  explorations,  surveys,  etc.,  and  other  geographical 
notes.  These  are  given  in  condensed  and  popular  form,  and 
the  articles  are  well  illustrated.  The  Messrs.  Goldthwaite  have 
been  for  years  in  the  geographical  publishing  business,  and  are 
consequently  familiar  with  the  subject  and  its  general  range, 
while  they  have  means  of  acquiring  the  latest  information. 

The  three  numbers  of  our  geographical  contemporary  which 
have  been  thus  far  issued  are  excellent,  and  give  promise  of 
future  usefulness  in  their  chosen  field.  The  articles  are  varied 
in  subject  and  treatment,  but  all  are  short,  and  show  marks  of 
careful  condensation.  A  number  of  them  itc  illustrated. 
Mention  of  them  separately  would  require  more  space  than  can 
be  allowed  here,  but  one  of  the  most  interesting  is  the  leading 
one,  on  the  Mapping  of  the  World.  There  are  in  the  magazine 
72  pages  of  reading  matter,  besides  cuts,  the  page  being  slightly 
larger  than  that  of  Harper  s  or  the  Century.  The  typographical 
execution  is  good,  and  altogether  the  magazine  deserves  the 
success  which  we  hope  and  believe  that  it  will  secure. 

The  February  number  of  the  JOURNAL  of  the  American  So- 
ciety of  'Naval  Engineers  contains  articles  on  Forging  Steel 
Crank  Shafts,  by  Assistant  Engineer  A.  M.  Hunt ;  Fitting  the 
Crank  Shaft  of  the  Newark,  by  Passed  Assistant  Engineer 
A.  C.  Engard  ;  Causes  of  the  Vibrations  of  Screw  Steamers, 
by  Assistant  Naval  Constructor  D.  W.  Taylor  ;  Register  for 
Speed  Trials,  by  Assistant  Engineer  W.  D.  Weaver  ;  Trial  of 
the  Concord,  by  Chief  Engineer  R.  B.  Hine  ;  Trial  of  the 
Newark,  liy  Assistant  Engineer  L.  D.  Miner  ;  Experiments 
with  the  Belleville  Boiler,  by  C.  A.  Blomberg.  In  this  number 
also.  Chief  Engineer  Isherwood  criticises  the  recent  paper  on 
Analysis  of  Steam-Engine  Trials,  by  Assistant  Engineer  W.  H. 
AUderdice,  and  the  author  defends  his  position  against  Mr. 
Isherwood's  criticisms. 

There  will  be  found  in  Belford's  Magazine  for  March  the 
usual  variety  of  lighter  matter,  and  several  more  solid  articles. 
This  is  the  only  one  of  the  prominent  magazines  having  a  de- 
cided political  cast,  and  its  articles  on  political  topics  are  gen- 
erally moderate  in  tone  and  well  considered  in  argument, 
making  them  worth  reading,  whether  we  agree  or  disagree  with 
the  conclasions  drawn  by  the  writers. 

The  December  number  of  the  Journal  of  the  New  England 
Water-Works  Association  has  papers  on  Water  Supply  for 
Small  Cities  in  the  West,  by  Wynkoop  Kiersted  ;  Filtration  of 
Natural  Waters,  by  Professor  Thomas  M.  Drown  ;  Variations 
of  Weather  and  Climate  as  Affecting  Water  Supply,  by  Profes- 
sor William  R.  Niles.  There  are  also  discussions  on  several 
topics  of  interest  to  water-works  engineers. 

The  military  article  in  OuTiNG  for  March  describes  the  train- 
ing of  the  British  Red-coat,  and  is  well  illustrated.  Shipbuilders 
should  study  Captain  Schuylers  paper  on  the  Evolution  of  the 
Yacht,  Summer  in  the  Azores  and  Winter  in  North  Carolina, 
find  descriptions  in  this  number,  while  canoeing,  photography, 
fishing,  and  duck-shooting  all  have  their  share  of  attention. 

The  November  number  of  the  Technology  Quarterly  has 
an  article  on  the  Changes  of  the  Year,  by  General  Francis  A, 
Walker,  besides  a  number  of  other  papers  of  technical  interest. 
This  is  largely  a  chemical  number,  the  longest  articles  being 
on  questions  relating  to  technical  chemistry,  although  other 
subjects  are  touched  on  also. 

The  South  American  paper  in  Harper's  Magazine  for  March 
describes  the  city  of  Buenos  Ayres  ;  it  is  accompanied  by  a 
number  of  illustrations.  Nationality  in  Music  is  a  curious 
study,  and  might  be  enlarged  to  show  how  the  musical  ten- 
dencies of  a  people  complement  its  more  material  qualities. 
Among  the  lighter  articles,  a  story  by  Brander  Matthews  illus- 
trates the  capacities  of  a  modern  "  vestibiile  limited"  train. 


The  fourth  article  on  American  Industries,  which  is  given  In 
the  Popular  Science  Monthly  for  March,  continues  Mr. 
Durfee's  stries  on  Iron  Working,  and  is  on  rolling  and  forging 
iron.  Professor  Ordway's  paper  on  Non-conductors  of  Htat, 
is  an  excellent  one,  as  is  also  that  of  Relative  Value  of  Cements, 
by  Professor  C.  D.  Jameson  and  Hubert  Remley.  Adaptation 
to  Climate,  by  M.  Sl.-Yves  Menard,  and  the  Cultivation  of 
Sisal  in  the  Bahamas,  by  J.  I.  Northrop,  are  interesting  articles. 

The  January  number  of  the  School  of  Mines  Quarterly 
has  papers  on  the  Coal-Fields  of  Montana,  by  Walter  H. 
Weed  ;  on  the  U.  S.  Geological  Survey,  by  H.  M.  Wilson, 
besides  several  other  papers  of  special  value  to  mining  en- 
gineers. The  News  Bulletin  ought  to  be  of  much  interest  to 
the  Alumni  of  the  School. 

In  its  March  number  the  ECLECTIC  MAGAZINE  has  an  excel- 
lent selection  of  articles  from  the  foreign  magazines.  Among 
the  more  noticeable  are  Englishmen  in  Africa,  from  the  Con- 
temporary Review ;  Trade  Unionism,  from  the  Nineteenth  Cen- 
tury;  Weighing  the  Stars,  from  the  Gentlemen' s  Magazine,  and 
the  Cost  of  a  London  Fog,  from  Leisure  Hours.  This  maga- 
zine is  an  excellent  one  for  all  who  wish  to  know  something  of 
the  foreign  periodicals,  but  have  not  the  time  or  opportunity  to 
read  the  originals.  Its  selections  are  generally  judicious,  and 
are  made  to  show  the  general  current  of  thought  and  writing 
abroad. 

The  leading  paper  in  the  March  number  of  the  Journal  of 
the  Military  Service  Institution  is  on  Artillery  Administration, 
and  is  by  the  late  General  Henry  J.  Hunt,  whose  distinguished 
service  as  Chief  of  Artillery  of  the  Army  of  the  Potomac  are 
well  remembered.  Other  articles  are  on  Musketry,  by  Captain 
Chester  ;  on  Military  Gymnastics,  by  Captain  Foote  ;  on  ihe 
Increase  in  the  Number  of  Cadets,  by  Professor  Michie,  and 
on  the  Power  of  the  Senate,  by  General  Foy.  The  usual 
variety  of  reprints  and  translations  completes  a  very  interesting 
number. 

The  latest  quarterly  number  of  the  Proceedings  of  the 
United  States  Naval  Institute  is  devoted  to  the  Armor  Tests  at 
Annapolis.  There  is  a  short  introduction  by  Edward  W.  Very, 
and  the  report  of  the  Board  is  given  in  full,  with  numerous 
illustrations.  These  tests  were  of  high  value,  and  nothing  of 
greater  interest  could  have  been  presented  at  the  present  time. 

In  the  March  number  of  Scribner's  MAGAZINE,  Samuel  Par- 
sons, Jr.,  writes  of  the  Ornamentation  of  Ponds  and  Lakes,  of 
which  he  is  well  qualified  to  speak,  from  his  long  experience  as 
Superintendent  of  the  New  York  parks.  Mr.  M.  B.  Kerr  de- 
scribes Mount  St.  Elias  and  its  glaciers,  and  Sir  Edwin  Arnold's 
papers  on  Japan  are  continued.  The  views  of  Mount  St.  Elias 
are  very  striking,  and  praise  must  be  given  also  to  the  illustra- 
tions in  the  paper  on  London  and  American  Clubs,  which  are 
excellent  ;  those  of  the  Japanese  paper,  however,  are  not  as 
clear  in  execution  as  the  designs  deserve. 

The  contents  of  the  Lehigh  Quarterly  for  January  include 
Lehigh  University  Precise  Triangulation,  by  Henry  S.  Jacoby ; 
Development  of  the  Coal  and  Timber  Lands  of  Southeastern 
Kentucky,  by  F.  E.  Fisher  ;  Emery  Wheels,  by  J.  S.  Heilig  ; 
a  series  of  short  articles  on  Civil  Engineering,  including  advice 
to  young  engineers,  by  Alfred  P.  Boiler,  O.  Chanute,  Horace 
Andrews,  W.  Barclay  Parsons,  and  F.  C.  Osborn. 

As  usual,  the  March  Arena  is  full  of  discussions  of  social 
and  other  topics.  Among  these  may  be  mentioned  Professor 
Buchanan's  paper  on  Nationalization  of  the  Land,  and  Rabbi 
Schindler's  on  Immigration.  The  description  of  a  curious 
people,  whose  origin  is  unknown,  but  who  still  survive  in  an 
out-of-the-way  corner  of  Tennessee,  which  is  written  by  Miss 
Drumgoole,  is  a  valuable  contribution  to  minor  history.  The 
Arena  is  combative  and  aggressive,  and  no  one  can  read  it 
without  finding  some  new  ideas. 
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A  NEW  BRIDGE-GUARD. 


(M.  J.  W.  Post,  in  Revue  Generate  des  Chemins  de  Fer.) 

The  importance  of  some  device  to  prevent  injury  to 
bridges  from  the  derailment  of  cars  on  the  approaches, 
hardly  requires  discussion.  The  expense  of  any  such  de- 
vice is  usually  small  in  comparison  to  the  total  cost  of  the 
bridge,  and  the  greater  the  number  of  trains,  the  less 
should  such  cost  be  considered. 

A  bridge 'guard,  or  rerailing  device,  should  meet  certain 
general  conditions,  which  may  be  summed  up  as  follows  : 

I,  It  must  be  so  arranged  that  it  cannot  in  any  way 
cause  the  derailment  of  a  car.  It  should,  therefore,  leave 
abundant  room  for  the  passage  of  wheels,  making  all 
allowances  for  the  condition  of  wheels  and  tires  when 


Tig.  2.. 


Seven  ties  are  placed  in  a  thick  bed  of  large  gravel 
ballast,  and  on  these  are  placed  a  floor  of  steel  plates, 
fastened  to  the  ties  by  bolts,  as  shown  in  fig.  2.  The 
rerailing  apparatus  is  mounted  on  this  floor.  The  plates 
outside  of  the  rails  can  easily  be  removed  when  the  ties 
are  to  be  tamped. 

In  a  vertical  direction,  the  derailed  wheels  are  gradually 
brought  up  to  a  height  where  they  can  take  the  rail  again 
by  inclined  planes  outside  and  inside  the  rail  ;  these  planes 
are  formed  of  blocks  attached  to  the  plates,  the  thinner 
ones  being  forged  and  riveted,  the  heavier  ones  cast  and 
bolted.  These  are  shown  in  section  in  figs.  3  and  4  ;  fig. 
3  is  a  section  on  the  line  C  D,  fig.  2,  inside  the  rail,  and 
fig.  4  is  a  section  on  the  line  A  B,  outside  the  rail. 

A  derailed  wheel  which  strikes  this  plane  between  the 
rail  and  the  center  of  the  track,  running  from  D  toward 
C,  on  the  flange  of  the  wheel,  at  the  point  where  the  hori- 
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Fig.  3. 
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Fig.  4. 


BRIDGE-GUARD    IN   USE   ON   THE    DUTCH    STATE    RAILROADS. 


badly  worn,  as  well  as  when  new.  Account  must  also  be 
taken  of  the  occasional  use  of  cars  from  other  roads. 

2.  It  must  not  touch  the  weak  points  of  a  derailed  car, 
and  must  be  so  arranged  as  to  come  in  contact  with  the 
running  gear  only. 

3.  It  must  direct  the  wheels  of  a  derailed  car  back  upon 
the  track  without  violent  shocks,  either  in  a  horizontal  or 
a  vertical  direction,  and  must  bring  them  back  before  they 
reach  the  bridge. 

4-  It  must  keep  on  the  track  during  the  passage  of  the 
bridge  cars  which  may  have  been  derailed  from  any  de- 

5-  It  must  be  constructed  of  durable  materials,  and  in 
such  a  way  that  it  will  not  be  likely  to  fail  when  needed. 

.  o  It  must  have  no  very  heavy  pieces,  so  that  its  putting 
•"  place,  repair,  etc.,  can  be  easily  done  by  an  ordinary 
track  gang.  "'  ^ 

7.  It  must  permit  the  tamping  of  the  ties. 

\  ^^  "\"st  be  cheap  to  make,  to  put  in  place,  to  keep  in 
raer  and  to  renew.  In  other  words,  it  must  be  easy  to 
"•indle,  and  of  small  cost. 

, .  *  .accompanying  illustration  shows  an  apparatus 
wh-'^K  '•*  '"  "^*^  °"  ^^^  Netherlands  State  Railroads,  and 

"'ch,  It  IS  believed,  will  meet  all  these  requirements.     It 

very  clearly  shown  in  the  engravings. 


zontal  distance,  fig.  2,  between  the  rail  and  the  guard  rail 
becomes  too  small  to  permit  the  passage  of  the  widest  tires 
— say  6  in. — is  already  at  the  top  of  the  incline  plane,  that 
is,  about  0.8  in.  below  the  top  oi  the  rail.  As  the  depth  of 
the  flange  may  vary  from  i  in.  to  1.38  in.,  the  tread  of  the 
wheel  will  be  at  least  0.2  in.  above  the  top  of  the  rail. 
The  plane  then  descends  slightly,  as  shown  in  fig.  3,  until 
the  tread  of  the  wheel  begins  to  bear  on  the  rail. 

On  the  inside  of  the  rail  the  blocks  are  from  2.8  in.  to  4 
in.  distant  from  the  rail,  so  as  to  give  free  passage  for  the 
flanges  of  those  wheels  which  remain  on  the  track. 

A  derailed  wheel,  which  reaches  the  apparatus  outside 
the  rails,  rolling  from  B  toward  A,  will  mount  the  plane, 
traveling  on  the  flange.  The  summit  of  the  inclined  plane 
might  be  made  the  same  height  as  the  rail,  if  it  were  nec- 
essary to  provide  only  for  new  rails  and  new  tires  ;  but  to 
allow  for  worn  rails  and  tires  it  is  made  0.4  in.  lower  than 
the  top  of  the  rail. 

In  a  horizontal  direction  one  wheel  on  each  axle  of  a  de- 
railed car  is  directed  toward  its  rail  by  a  guard-rail,  which 
ends  in  a  point  in  the  center  of  the  track,  as  shown  in  fig. 
2,  and  which,  to  meet  condition  No.  4,  is  carried  the  whole 
length  of  the  bridge,  leaving  a  space  of  2.8  in.  to  permit 
the  passage  of  the  wheel  flanges.  This  guard-rail  is  com- 
posed of  old  rails  bolted  to  chairs,  as  shown  in  section  in 
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fig.  I.  The  points  of  the  guard-rails  are  joined  by  a  heavy 
plate.  In  view  of  the  space  allowed,  and  oi  the  maximum 
wear  of  rails  permitted,  the  top  of  the  guard-rail  is  1.4  in. 
above  the  top  of  the  rail  ;  at  the  point  it  is  brought  down 
to  0.43  in.  below  the  top  of  the  rail,  to  meet  condition 
No.  2. 

In  a  case  where  a  car  is  so  far  off  the  track  that  one  of 
its  wheels  would  strike  the  rerailing  apparatus  beyond  the 
center  of  the  track,  the  tendency  would  be  to  throw  the 
wagon  entirely  off  the  rails.  To  avoid  this,  which  indeed 
cannot  often  happen,  there  are  placed  outside  of  the  track 
two  rails,  inclined  like  the  mouth  of  a  funnel,  as  shown  in 
fig.  2,  which  will  guide  the  wheel  in  the  desired  direction, 
so  that  it  will  strike  the  guard-rail  and  be  turned  toward 
its  own  rail. 

A  single-track  bridge,  where  trains  run  in  both  direc- 
tions on  the  same  track,  will,  of  course,  require  the  rerail- 
ing apparatus  at  each  end,  and  the  guard-rails  will  unite 
the  two.  On  a  double-track  bridge  one  rerailing  apparatus 
will  be  placed  on  each  track  on  the  end  from  which  the 
trains  on  that  track  approach  the  bridge.  Each  track  will 
then  be  supplied  with  guard-rails,  which  are  finished  off 
at  the  opposite  end  by  a  curve. 

The  point  of  the  rerailing  apparatus  should  be  placed 
whenever  possible  at  a  distance  of  from  100  ft.  to  170  ft. 
from  the  end  of  the  bridge. 


HOW  TO  HANG  BRAKES. 


At  the  last  meeting  of  the  Southern  &  Southwestern 
Railway  Club,  a  paper  on  this  subject  Was  presented  by 
Mr.  J.  J.  Casey,  Superintendent  of  Motive  Power,  Louis- 
ville, New  Orleans  &  Texas  Railroad,  which  called  out  a 
discussion  in  which  the  ideas  presented  by  Mr.  Casey  were 
generally  approved.     The  paper  is  given  below  : 

After  careful  consideration,  I  believe  that  the  proper 
place  to  hang  the  brakes  is  to  the  trucks,  and  not  to  the 
car  body.  The  brakes  should  not  only  be  hung  from  the 
truck,  but  from  a  rigid  portion  of  the  truck.  If  they  are 
hung  to  the  top  bolster  of  the  truck  they  will  vary  in  their 
relation  to  the  center  of  the  axle,  according  to  the  load  in 
the  car  and  the  depression  of  the  springs  ;  their  position 
then  depends  entirely  on  the  amount  of  vertical  motion 
there  is  in  the  bolster  springs,  thus  making  it  a  difficult 
matter  to  keep  the  slack  adjusted  in  the  brake-rods.  This 
would  be  particularly  objectionable  where  air-brakes  are 
used. 

In  arriving  at  my  decision  I  have  also  been  influenced 
by  the  fact  that,  when  set,  the  tendency  of  the  brakes  hung 
to  the  body  is  to  keep  the  trucks  on  a  line  with  the  body, 
instead  of  with  the  track.  On  improperly  constructed 
curves,  or  bad  track,  this  must  necessarily  be  a  source  of 
accident,  since  the  relations  between  the  trucks  and  the 
car  body  are  not  compensating  ;  in  other  words,  the  body 
will  not  allow  the  trucks  to  accommodate  themselves  to 
the  variations  in  the  track  as  would  be  the  case  if  the 
brakes  were  hung  from  the  truck. 

Brake  shoes  should  engage  the  wheel  as  near  a  central 
line  as  practicable,  having  the  greater  portion  of  the  shoe 
below  the  center  line  of  axle.  If  hung  too  low  the  brake 
shoe  on  one  end  of  the  truck  (depending,  of  course,  on  the 
direction  in  which  the  car  is  moving)  will  form  a  wedge  in 
addition  to  the  adhesion  given  to  it  by  the  rod  ;  the  result 
is  slid  wheels.  My  experience  would  seem  to  show  that 
there  is  very  little  difference,  as  regards  safety,  between 
brakes  hung  to  the  body  of  the  car  and  brakes  hung  to  the 
truck  ;  this  is  due,  I  think,  to  the  fact  that  no  records  on 
the  subject  are  available. 

Another  point  to  be  considered,  one  that  does  not  seem  to 
have  been  touched  upon,  is  that  hanging  the  brakes  to  the 
body  materially  shortens  the  life  of  the  car.  The  car  bodies 
are  built,  as  a  rule,  to  carry  a  certain  load  ;  no  provision 
is  ever  made  for  the  additional  strain  that  is  put  on  them 
by  the  braking  power.  This  strain  is  considerable,  and 
every  one  knows  it  is  very  irregular,  and  must  necessarily 
be  very  destructive  to  the  body,   owing  to  the  fact  that 


those  strains  are  at  least  five  feet  from  the  center  of  the 
transom,  this  of  itself  giving  considerable  leverage.  1  do 
not  consider  it  to  be  more  expensive  to  maintain  brakes 
hung  from  the  trucks  than  those  hung  from  the  body.  It 
is  a  very  rare  occurrence  for  us  to  have  cars  in  our  shop 
requiring  repairs  to  inside  brakes. 

When  brakes  are  hung 'to  the  body,  1  have  noticed  fre 
quently  that  sills  have  been  split  and  otherwise  damaged 
in  wrecks  on  account  of  the  trucks  leaving  their  place  ana 
being  held  to  the  body  by  the  brake  hangers  only  ;  some- 
thing has  to  give  way,  and  usually  it  is  the  sills. 

This  subject  is  of  great  importance,  and  should  not  lie 
passed  over  lightly.  There  is  a  good  deal  that  might  1  e 
said,  and  I  trust  that  it  will  have  one  effect — to  cause 
members  of  this  club  to  look  more  closely  at  the  matter  in 
the  future.  Possibly,  some  time  later  on  this  subject  may 
be  brought  up  again,  when  a  great  many  of  our  members 
may  be  able  to  throw  a  good  deal  of  light  on  the  safety  of 
brakes  hung  to  the  trucks  versus  those  hung  to  the  body. 


THE  DEVELOPMENT  OF  THE  COMPOUND  SYS 
TEM  IN  LOCOMOTIVES. 


By  M.  A.  Mallet. 


(Paper  read  before  the  Societe  des  Ingenieurs  Civils,  Paris  ;  translate] 
from  the  French  by  Frederick  Hobart.) 


(Continued  /rom  f  age  112.) 


In  conclusion,  it  may  be  said  that  the  argument  of  want 
of  stability  which  has  been  advanced  against  the  two-cylin- 
der type  of  compound  locomotive  by  a  number  of  engineers, 
seems  to  be  fully  contradicted  by  experience,  and  by  the 
fact  that  there  are  now  over  700  locomotives  of  this  type 
in  use,  a  number  of  them  being  run  regularly  at  very  high 
speeds. 

The  last  two-cylinder  type  which  we  will  illustrate,  is 
given  in  figs.  21,  22,  and  23,  which  show  an  engine  built  for 
the  Jura-Berne-Lucerne  Railroad,  and  which  was  shown 
at  the  Paris  Exposition. 

THREE-CYLINDER  COMPOUND   LOCOMOTIVES. 

The  first  idea  of  a  compound  locomotive  of  the  three- 
cylinder  type  made  public  was  by  my  colleague,  M.  Jules 
Morandiere,  in  a  letter  published  in  Engmcering,  in  1866. 
In  this,  which  described  an  engine  proposed  for  the  Met- 
ropolitan Railroad,  in  London,  there  were  two  groups,  each 
having  two  axles  coupled,  the  one  worked  by  a  single  cylin- 
der, the  other  by  two.  The  first  cylinder  was  the  high-press 
ure  cylinder,  and  the  two  others  the  low-pressure  cylinders. 

While  studying,  at  Creusot,  the  engines  built  for  the 
Bayonne-Biarritz  Railroad,  M.  Andrade,  then  Engineer 
in  the  Navy  and  stationed  at  those  works,  proposed  to  use 
instead  of  two  cylinders  of  different  sizes,  three  cylinders, 
one  in  the  center  receiving  the  steam,  the  two  others  out- 
side to  be  the  low-pressure  cylinders.  These  were  to 
work  on  the  same  axle  by  cranks  set  at  an  angle  of  120  . 
A  starting  valve  similar  to  that  of  the  Biarritz  engines,  but 
worked  by  a  small  steam  cylinder,  would  permit  the  en- 
gine to  be  used  either  as  a  simple  or  a  compound  engine. 

About  ihe  same  time  a  Swiss  engineer,  John  Moschell, 
proposed  the  use  in  locomotives  of  steam  jackets  and  of  a 
compound  system  with  two  cylinders.  In  reply  to  this  I 
published  an  article  supporting  the  two-cylinder  type,  or 
if  the  power  of  the  machine  should  render  that  insufficient, 
a  four-cylinder  type,  with  the  cylinders  placed  in  tandem 
and  working  on  the  same  crosshead.  As  I  said  at  the 
time  :  **  If  the  engines  are  not  actually  too  heavily  loaded 
at  the  start,  we  will  be  able  at  a  very  small  expense  to  put 
them  into  condition  to  work  much  more  economically,  or 
even  by  using  direct  steam  in  the  large  c>  linders  to  increase 
the  power  from  20  to  30  per  cent.,  always  on  condition 
that  the  adhesive  weight  remains  in  proper  proportion  to 
the  tractive  effort.  This  would  be  easy  to  obtain  m  a  nun>- 
ber  of  engines  where  the  axles  do  not  carry  more  than  from 
9  to  10  tons." 
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This  was  a  rational  solution,  and  was  adopted  by  the 
Korthern  Railroad  of  France,  just  10  years  later,  on  its 
ejo^ht-wheeled  coupled  locomotives. 

The  rirst  three-cylinder  compound  engine  which  was  put 
in  actual  operation  was  built  in  1888,  by  Struwe,  at 
Kolomna,  in  Russia.  The  three  cylinders,  the  high-pres- 
sure in  the  center  and  the  two  low-pressure  outside,  worked 
on  ihe  same  axle,  the  first  by  a  central  crank  and  the 
others  by  crank  pins  outside  set  in  the  same  position,  and 
at  an  angle  of  90^  with  the  central  crank.     This  is  the 


than  myself — to  obtain  good  results  from  a  type  essentially 
defective,  since  it  rests  in  part  on  an  erroneous  principle, 
the  use  of  an  axle  worked  by  a  single  cylinder  in  a  loco- 
motive. The  inherent  defect  of  this  type  is  not  only  in  the 
fact  that,  it  in  starting,  this  cylinder  happens  to  be  at  the 
dead  point,  it  cannot  assist  in  starting  the  train.  There  is 
another  defect,  perhaps  much  more  serious,  which  has  not 
been  before  indicated. 

This  is  in  the  excessive  variation  in  the  moments  of  rota- 
tion around  the  driving-axle  produced  by  the  use  of  a  single 


same  as  Mr.  Webb's  first  arrangement,  for  which,  how- 
ever, he  can  claim  priority,  as  his  design  was  made  public 
in  June,  1879,  while  the  German  patent  taken  out  by 
Struwe  for  his  engine  is  dated  in  October  of  the  same  year. 

It  is  probable  that  the  results  from  this  engine  were  not 
favorable,  since  very  little  has  been  said  about  it. 

At  the  end  of  1881,  Mr.  F.  W.  Webb  originated  his  cel- 
ebrated type  by  building  the  engine  Experiment — No.  34 
on  the  table.  Mr.  Webb  was  convinced  of  the  advantage 
of  compound  working,  and  wished  to  make  an  engine  for 
high  speed  after  the  three-cylinder  model  of  Stephenson, 
by  causing  the  steam  to  work,  in  the  first  place,  in  the 
outside  cylinders,  and  then  in  the  central  cylinder,  the 
former  working  on  crank-pins  set  in  the  same  position, 
inci  at  right  angles  with  the  central  crank  of  the  axle. 
This,  he  believed,  would  make  an  economical  type,  and 
u"^  ^'hich  would  be  very  satisfactory  at  high  speed.  Mr. 
\Vebb  hoped  also  to  obtain  a  supplementary  advantage  by 
(icing  away  with  parallel  rods,  and  making  the  high-pres- 
sure cylinders  work  upon  one  axle  and  the  low-pressure 
Upon  another,  the  two  axles  being  coupled  only  by  the 
steam,  if  such  an  expression  is  allowable.  To  attain  this 
o  ')ect  he  was  not  afraid  to  use  a  single  cylinder  to  run  one 
axle.  *       ' 

This  type,   which  has  received  some  modifications  in 

(lelail  without  changing  its  essential  character,  has  been 

"•ought  by  its  author  to  a  high  degree  of  perfection,  and 

"35  been  received  with  great  favor  by  his  admirers. 

Nevertheless,  it  has  required  all  the  ability  and  persever- 

ncc  of  Mr.  Webb — to  which  no  one  can  do  more  justice 


cylinder,  in  comparison  with  two  cylinders  having  a  total 
equivalent  section  and  working  on  crank-pins  placed  at 
right  angles. 

Calculating  these  moments  from  the  indicator  diagrams 
obtained  by  Mr.  Webb,  and  published  by  him,  for  running 
at  full  admission,  say  about  70  per  cent,  in  the  small 
cylinders,  and  for  running  at  an  admission  of  35  per  cent, 
in  the  same  small  cylinders — that  is  to  say,  at  low  speed 
and  at  high  speed — first,  for  the  axle  worked  by  the  large 
cylinder,  and  then  for  the  same  axle  if  it  was  worked  by 
two  cylinders  of  equivalent  section  acting  upon  crank-pins 
at  right  angles,  we  obtain  the  following  results  for  the 
tangential  strain  at  the  circumference  of  the  driving- 
wheels  : 


Full  Admission. 

Admission 

35  PBR  CENT. 

■■ 
I  c>'Hnder. 

2  Cylinders. 

I  cylinder. 

• 

2  c>-linders. 

kgs. 

kgs. 

kgs. 

kgs. 

Average  tangential  «ffort. 

i.8t8 

i.8t8 

0.586 

o.5«6 

Maximum         "             " 

3  437 

2.500 

t.330 

0.833 

Minimum         "            " 

0.150 

X.450 

0.300 

0.5U0 

Difference 

3  587 

1.050 

1.530 

0.333 

Ratio  of  maximum  to  av- 

erage effort 

1.89:1 

T.38:  1 

i.^T-*-' 

:•:**««• 

If  we  compare  the  case  of  a  single  cylinder  and  that  of 
two  cylinders  joined,  we  find  the  following  : 
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Full  Admission. 

Admission,  35 

PKR  CENT. 

Ratio  of  maximum  efforts 

1-37 
3-43 
«-37 

1.60 

Rati*  of  differences 

Ratio  of  maximum  to  average  efforts 

4-59 
1.60 

In  the  general  equation  of  the  movement  of  the  locomo- 
tive, 

^  -D-      ^- 

As/  is  an  average  pressure,  we  take/ sufficiently  far  from 
unity  to  be  sure  that,  except  in  very  unusual  conditions, 
the  moving  impulse  at  the  rim  of  the  wheels  will  not  ex- 
ceed the  adhesion  f  P,  and  it  can  evidently  be  taken  so 
much  greater  as  the  variations  oi  p  above  the  average  are 
considerable. 

If  we  compare  the  tangential  efforts  found  above  with 
the  weight  represented  by  the  driving-axle  of  the  Webb 
engine,  indicated  at  14,413  kg.,  or  14.2  tons,  we  find  the 
following  results  : 


Fun.  Ad 

MISSION. 

Admission,  35  per 

CENT. 

• 

I  cylin- 
der. 

3  cylin- 
ders. 

I  cylin- 
der. 

2  cylin- 
ders. 

Adhesion  for  average  effort 

Adhesion  for  maximum  effort 

7-9 

I 

4.19 

I 
7-9'. 

I 
5.76 

I 

I 

84-59 

I 

24 -59 

I 

10.84 

17.54 

At  full  admission,  then,  the  adhesion  falls  to for 

4.19 

an  average  adhesion  of  — ,  necessary  with  one  cylinder, 

and  to  — 2  ^or  the  average  adhesion  with  two  cylinders  ; 

hence,  from  the  point  of  view  of  adhesion,  the  two-cylinder 
engine  can  exercise  a  tractive  power  of 


7-9 
5.76 


=  1.375 


in  ratio  to  .the  single-cylinder  ;  this  is  a  gain  of  about  40 
per  cent.,  or  an  improvement  of  20  per  cent,  for  the  com- 
plete machine. 

In  stationary  engines  we  overcome  the  variation  of  the 
moment  of  rotation  by  the  use  of  fly-wheels  of  greater  or 
less  weight.  In  the  locomotive,  the  driving-wheels  act  to 
a  certain  extent  as  fly-wheels,  but  in  the  Webb  engine  we 
have  only  a  single  pair  of  wheels,  the  rims  and  tires  of 
which  have  not  sufficient  weight  to  regulate  the  force  of 
rotation  below  a  certain  speed,  which  a  very  simple  calcu- 
lation shows  to  be,  in  round  numbers,  equal  to  150  revolu- 
tions per  minute,  or  a  speed  of  56  km.  an  hour.  Below 
this  speed  the  tangential  effort  will  be  periodically  greater 
than  the  adhesion,  and  will  lead  to  a  slipping,  which  can 
only  be  prevented  by  making  the  large  cylinder  do  a  rela- 
tively small  share  of  the  work  ;  and  this  is  what  happens 
in  the  Webb  engine. 

It  is  hardly  necessary  to  say  that  we  cannot  take  into  ac- 
count the  weight  of  the  engine  and  that  of  the  train  to  sup- 
plement the  insufficiency  of  the  fly-wheel  formed  by  the 
driving-wheels,  since  the  only  relation  which  their  mass 
has  with  the  driving-wheels  is  through  coupling.  It  is  a 
case  analogous  to  that  of  a  stationary  engine  where  the 
fly-wheels  would  be  placed  on  a  shaft  worked  from  the 
crank-shaft  by  means  of  a  belt  or  friction  pulleys.  It  would 
be  otherwise  with  the  engine  on  a  rack-rail  road,  where  the 
advance  would  be  produced  without  any  possible  slipping 
on  the  track. 

This  difficulty  disappears  when  the  speed  is  consider- 
able. The  machine  is  then  essentially  a  fast  running  ma- 
chine, but  until  it  attains  the  number  of  revolutions  indi- 


ca'ted  above,  it  passes  through  a  very  unfavorable  period. 
It  is  not  so  much  the  uncertainty  in  starting  as  the  irregu- 
larity  of  the  motion  of  the  driving-wheels  during  the  time 
necessary  to  obtain  the  maximum  speed  allowable. 

The  objection  which  we  are  striving  to  develop  can  be 
illustrated  in  a  very  simple  way  in  the  following  manner: 
The  locomotive  Dreadnought,  of  the  Webb  type,  has  a 
large  cylinder  0.762  m.  in  diameter,  or  4.560  sq.  m.  in  sec 
tion.  A  pressure  in  the  reservoir  of  4  kg.  per  square  cen- 
timeter, which  would  be  necessary  for  the  proper  utiliza- 
tion  of  the  steam,  represents  an  effort  of  18,240  kg.,  whirh, 
reduced  at  the  circumference  of  the  driving-wheels  for  the 
position  in  the  middle  of  the  course,  would  give 

i8,24ox  ^^-  =18,240  X  0.321  =  5,855. 
0.95 

This  for  a  load  of  15  tons  on  an  axle  would  give  a  coeffi- 
cient of  adhesion  of — - .   It  would  evidently  be  necessary  to 

deduct  the  friction  and  the  resistance  of  the  engine  proceed- 
ing from  other  causes,  such  as  the  obliquity  of  the  crark, 
but  their  effect  is  not  excessive.     With  two  cylinders  hav- 
ing the  same  total  section  as  the  single  cylinder  the  effect 
would  decrease  one-half  and  the  coefficient  of  adhesion 

would  become  double,  that  is, ,  which  is  much  more 

5.12 

desirable. 

With  a  single  cylinder  one  is  obliged,  before  attaining 
the  normal  speed,  to  reduce  by  a  prolonged  admission,  de- 
creasing the  pressure  in  the  intermediate  reservoir,  the 
share  of  the  work  done  by  this  cylinder,  a  condition 
which,  besides  leading  to  a  faulty  utilization  of  the  weight 
and  of  the  machinery,  leads  to  a  very  unequal  division  of 
the  fall  of  temperature  between  the  two  groups,  which,  as 
well  as  the  loss  in  pressure,  causes  us  to  lose  part  of  the 
advantage  of  the  compound  working. 

To  utilize  this  difference  Mr.  Webb  has,  in  some  engines 
intended  for  special  service,  coupled  a  second  axle  to  the 
axle  worked  by  the  high-pressure  cylinders.  The  engine 
is  then  in  better  condition  to  start  a  heavy  train,  but  there 
is  hardly  sufficient  reason  for  preserving  the  compound 
working,  since  the  unequal  division  between  the  cylinders 
of  the  fall  of  pressure  and  temperature  is  not  a  condition 
favorable  to  it. 

It  would  be  more  rational  in  these  engines  to  couple  the 
additional  axle  to  that  worked  by  the  low  pressure  cylin- 
der in  such  a  manner  as  to  increase  the  regulating  mass, 
and  thus  to  permit  us  to  utilize  all  the  work  which  that 
cylinder  can  develop,  if  we  could  find  a  convenient 
arrangement  for  that  purpose. 

The  Webb  engine  escapes  with  difficulty  this  dilemma, 
that  It  is  not  able  to  utilize  the  adhesion  properly  at  low 
speed,  and  that  at  high  speed  the  advantage  hardly  justi- 
fies the  complication.  It  simply  replaces  the  coupling-rods 
by  a  large  cylinder  and  the  complete  mechanism  attached, 
which  is  certainly  a  rather  expensive  way. 

To  return  to  the  general  arrangement  of  the  machine, 
which  should  be  well  understood,  I  do  not  deny  that  the 
position  of  the  cylinder  in  the  longitudinal  axis  of  the  en- 
gine will  secure  excellent  conditions  of  stability  at  high 
speed.  This  would  be  a  most  excellent  idea  if  it  did  not 
involve  inconveniences  which  more  than  balance  its  ad- 
vantages. 

Mr.  Webb  evidently  knows  well  the  weak  point  of  his 
machine,  and  there  is  perhaps  a  sign  of  some  modifications 
in  his  ideas  in  the  patent  taken  out  by  him  in  1888,  the 
claims  of  which  are  the  combination  in  the  locomotive  of 
two  groups  of  cylinders  in  such  a  way  that  both  can  be 
worked  by  direct  steam  from  the  boiler  or  one  by  the 
steam  from  the  boiler  and  the  other  by  the  exhaust  steam 
from  the  first  ;  second,  the  use  of  the  arrangements  de- 
scribed in  the  patent  to  secure  this  object,  and  third,  the 
coupling  of  the  wheels  worked  by  the  different  groups  of 
cylinders. 

It  is  hardly  necessary  to  observe  that  this  coupling  would 
only  be  necessary  if  one  of  the  groups  is  composed  of  a 
single  cylinder.  If  there  were  two  there  would  be  no 
necessity  for  it.  We  will  see  further  on  some  engines  of 
this  class  which  are  entirely  free  from  the  criticism  which 
has  been  made  on  the  Webb  engines. 
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Before  quitting  this  subject  a  word  must  be  said  of  the 
arrangement  opposite  to  that  of  Mr.  Webb,  and  that  is  the 
use  of  one  high-pressure  cylinder  and  two  low-pressure 
ones,  which  has  been  presented  by  several  persons,  and 
which  has  been  said  to  be  a  considerable  improvement  on 
the  Webb  engine.  This  assertion  is  based  upon  the 
ereater  ease  of  starting  with  the  two  large  cylinders,  on 
the  smaller  lize  of  each  of  them,  and  on  the  possibility  of 
having  three  cylinders  of  equal  size  and  of  working  with  di- 
rect steam  in  all  three.  We  do  not  attach  much  impor- 
tance to  this  change.  Its  most  apparent  advantage,  the 
use  of  three  cylinders  of  equal  size  requiring  only  one  pat- 
tern of  pistons,  etc.,  loses  much  of  its  importance  if  we 
consider  that  then  the  ratio  between  the  high  and  low-pres- 
sure cylinder  will  be  only  1:2,  unless  we  employ  different 
strokes — a  ratio  which  it  is  desirable  to  exceed  with  pres- 
ent pressures.  With  this  method  we  would  not  be  able  to 
utilize  the  adhesion  properly,  and  in  starting  it  would 
always  be  necessary  to  employ  the  group  which  has  two 
cylinders.  This  would  require  the  use  of  the  low-pressure 
cylinders  in  starting  always  with  the  direct  steam  from  the 
boilers,  which  would  involve  a  certain  complication.  In 
any  case  this  movement  would  not  at  all  do  away  with  the 
inherent  fault  of  the  three-cylinder  plan,  that  of  having 
one  cylinder  to  work  one  axle. 

The  only  remedy  is  to  double  this  cylinder,  but  then  a 
three-cylinder  engine — No.  37  in  the  table— has  certainly 
been  built  on  the  plan  indicated  at  the  beginning  of  this 
chapter  and  worked  out  by  M.  Sauvage,  Engineer  of  the 
Northern  Railroad.  This  engine  presents  some  very  in- 
teresting details  of  which  we  have  not  space  to  speak 
further  here.  It  seems,  however,  that  this  is  rather  an  ex- 
periment than  a  type  intended  for  adoption  in  current  prac- 
tise. 

FOUR-CYLINDER  COMPOUND  ENGINES  WITH  TWO  MOTIONS. 

This  first-class  of  four-cylinder  compound  engines  was 
presented  in  my  paper  of  1877,  as  having  four  cylinders 
disposed  in  groups,  each  composed  of  a  primary  cylinder 
and  an  expanding  cylinder  placed  tandem  with  "a  single 
valve  motion  for  the  pair.  This  system,  with  details  well 
studied  out,  especially  for  the  passage  of  the  common  pis- 
ton-rod between  the  two  cylinders,  appears  the  most  prac- 
ticable for  heavy  locomotives,  where  the  employ  of  a  single 
low-pressure  cylinder  would  require  dimensions  inadmis- 
sible in  practise.  This  is  probably  the  plan  which  has 
been  most  often  proposed  ;  it  has  the  advantage  of  pre- 
serving the  symmetry  of  the  engine,  and  has  against  it  only 
the  appearance  of  complication,  but  this  has  been  enough 
to  prevent  its  use  so  far.  It  is  probable  that  when  we  shall 
be  more  familiar  with  the  principles  of  the  compound  work- 


in-'- 


_  in  the  locomotive  we  will  not  be  afraid  to  use  four 
cylinders  whenever  necessary. 

I  cannot  now  modify  essentially  this  statement,  which  I 
wrote  12  years  ago. 

The  first  trace  which  I  have  been  able  to  find  of  the  use 
of  four  cylinders  applied  to  a  compound  locomotive  is  in  a 
study  made  in  i860  by  Mr.  Ebenezer  Kemp,  which  he  has 
sent  to  me.  This  plan,  which  is  shown  in  figs.  24,  25,  and 
26,  has  the  title  "Proposed  Arrangement  for  Compound 
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Locomotive  Engine,"  and  is  dated  February  13,  i860.  It 
represents  an  alteration  intended  to  be  applied  to  an  en- 
gine on  the  Caledonian  Railroad  by  substituting  for  each 
ot  the  existing  cylinders  a  group  of  two  arranged  as  in- 
'^^^^^bove.  This  arrangement  is  very  carefully  studied 
5t  ffi"^  the  inconveniences  arising  from  the  use  of  interior 
siuHing-boxes  is  lessened  by  the  fact  that  the  parts  which 


they  separate  have  not  to  undergo  simultaneously  extreme 
pressure.  On  the  other  hand,  the  plunger  form  for  the 
high-pressure  pistons  allows  us  to  give  the  waste  space  an 
importance  which  it  should  have  in  the  corresponding 
cylinders  in  order  to  prevent  exaggerated  compression. 
The  arrangement  of  the  single  valve  is  very  ingenious,  but 
we  might  criticise  the  space  occupied  by  the  plungers, 
which  makes  it  necessary  to  increase  the  diameter  of  the 
cylinder  and  the  surfaces  in  contact  with  steam. 

The  first  published  document  in  which  mention  is  made 
of  a  four-cylinder  compound  locomotive  is  a  patent  of  Will- 
iam Dawes's,  dated  June  20,  1872,  No.  1.857.  This  patent 
gives  lour  remarkable  arrangements.  The  first  is  an  en- 
gine with  cylinders  placed  in  tandem  ;  the  second  is  a 
four-cylinder  engine,  each  pair  being  composed  of  a  large 
and  a  small  cylinder  working  on  crank-pins  placed  at  an 
angle  of  180°,  an  arrangement  which  seems  to  have  been 
used  up  to  the  present  time  only  in  exceptional  cases,  and 
which  makes  very  satisfactory  conditions  of  equilibrium. 
The  third  form  is  an  engine  in  which  the  two  small  cylin- 
ders work  one  axle,  and  the  two  large  ones  another  with- 
out the  intervention  or  use  of  coupling-rods.  The  fourth 
part  of  the  invention  covers  a  detail  which  is  very  interest- 
ing, since  it  has  recently  been  applied  in  Germany  on  a 
large  scale.  This  is  "  a  valve  putting  the  steam-chests  of 
the  large  cylinders  in  communication  with  the  boiler  at 
will  for  starting,  working,  or  similar  circumstances,  this 
valve  being  worked  by  the  reverse  lever  or  any  part  of  the 
valve  motion  connected  with  it  in  such  a  way  that  it  will 
only  open  when  this  lever  is  in  its  extreme  position,  either 
forward  or  backward,  and  will  be  closed  in  all  other  posi- 
tions. In  this  way  no  danger  can  arise  from  the  use  of 
this  valve." 

As  I  have  already  said,  this  arrangement  has  been  re- 
cently reproduced  by  Herr  Lindner,  and  is  used  on  a  num- 
ber of  compound  locomotives  on  the  Saxon  State  Railroads. 

The  form  with  cylinders  placed  in  tandem  has  been  later 
proposed  by  M.  de  Diesbach,  by  my  colleague,  M.  Jules 
Garnier,  and  by  others.  As  M,  Polonceau  proposed,  I  had 
in  1879  presented  an  arrangement  of  this  class  in  order  to 
facilitate  the  lateration  of  existing  locomotives. 

The  first  tandem  engine  built,  at  least  for  railroads, 
seems  to  have  been  a  locomotive  of  the  Boston  &  Albany 
Railroad,  built  in  1883,  the  results  obtained  from  which 
showed  only  a  very  moderate  economy,  not  sufficient  to 
pay  for  the  expense  of  maintenance.  This  was  followed 
by  the  Nisbet  engine,  on  the  North  British  Railway,  and 
that  of  Mr.  Dean,  of  the  Great  Western,  in  England,  which 
I  have  not  thought  necessary  to  reproduce  here.  It  is  not 
the  same  in  the  case  of  the  Woolf  engine,  with  eight  wheels 
coupled,  on  the  Northern  Railroad  of  France,  which  was 
worked  out  by  M.  du  Bousquet.*  I  will  not  enlarge  upon 
this  type,  which  is  perfectly  rational  in  principle  and  which 
agrees  with  my  own  plans  made  in  1877.  The  only  criti- 
cism to  be  made  here  relates  to  the  increase  in  size  of  the 
large  cylinders,  the  ratio  of  which  with  the  small  cylinders 
— 1:3— seems  to  me  excessive. 

The  advantage  obtained  by  so  great  a  prolongation  of 
the  expansion  of  the  steam  would  be  more  than  absorbed 
by  the  friction,  and  especially  by  the  increase  of  surface 
offered  for  condensation  by  the  cylinders  and  the  pistons. 
I  speak  here  of  the  surfaces  in  contact  with  steam,  and  I 
have  had  the  curiosity  to  ascertain  what  this  was  for  differ- 
ent compound  locomotives  so  far  built.  This  volume  is 
that  of  the  large  cylinder  multiplied  by  the  ratio  of  the 
stroke  and  the  diameter  of  the  driving-wheels.  The  most 
rational  term  to  which  it  has  seemed  possible  to  refer  for 
comparison  is  the  adhesive  weight.  On  the  other  hand,  it 
seems  fair  to  reduce  the  value  thus  obtained  to  a  uniform 
pressure,  140  lbs.,  for  example,  since  we  should  wish 
to  obtain  an  expansion  as  much  longer  as  the  pressure 
of  the  boiler  is  higher.     We  will  thus  calculate  the  value 

yrp  ,  and  also  that  of-^^    ;  in  these  formulas  d'  being 

the  diameter  of  the  large  cylinder,  if  there  is  only  one,  or 
the  diameter  of  a  fictitious  cylinder  equivalent  to  the  sum 
of  the  sections  of  the  large  cylinders,  if  there  are  more 
than  one. 


*  This  four-cylinder  engine  of  M.  du  Bousquet  was  illustrated  iUtd  descibtd 
in  the  Journal  for  March  X889,  page  \^^, 
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We  have  thus  obtained  the  coefficients  given  in  the  last 
columns  of  the  large  table.  It  will  be  seen  that  the  Woolf 
engine  of  the  Northern  Railroad  presents  the  ratio  of  8.42, 
while  this  ratio  is  only  occasionally  over  6  in  compound 
locomotives,  and  for  the  same  pressure  of  143  lbs.  It  de- 
scends as  low  as  2.96,  but  the  most  general  value  is  be- 
tween 4  and  5.  It  IS  true  that  with  the  increase  to  170  lbs. 
pressure,  the  figure  for  the  Woolf  engme  is  reduced  to  7, 
which  is  more  reasonable,  but  siill  much  higher  than  for 
most  of  the  other  engines.  It  is  only  just  to  say  that  the 
ratio  of  volume  of  the  cylinders  of  1:3  was  probably  not 
deliberately  adopted,  but  was  a  consequence  of  the  plan 
adopted  for  joining  the  pistons  of  the  two  cylinders  by 
double  rods,  which  requires  a  considerable  relative  differ- 
ence between  the  diameters  of  the  two  cylinders.  This 
method  is  simple  enough,  but  I  do  not  know  to  what  point 
this  quality  of  simplicity  can  compensate  for  the  incon- 
veniences proceeding  from  so  great  an  increase  in  the  vol- 
ume, the  weight,  and  the  condensing  surface  of  the  large 
cylinders. 

The  Woolf  system — that  is,  the  direct  passage  of  steam 
without  any  intermediate  reservoir — requires  a  high  ratio 
between  the  volumes  of  the  cylinders,  especially  where  the 
distribution  is  made  by  the  single  valve,  but  it  is  probable 
that  a  ratio  of  1:2.50  would  be  sufficient,  and,  moreover, 
an  arrangement  with  a  reservoir  could  be  adopted  to  still 
further  diminish  the  diameter.  The  working  of  the  Woolf 
system  gives,  it  is  true,  a  little  higher  maximum  power  in 
consequence  of  the  almost  complete  elimination  of  the  fall 
of  pressure  between  the  cylinders,  but  an  equivalent  ad- 
vantage can  be  obtained  by  the  reheating  of  the  steam, 
which  is  effected  by  passing  through  the  smoke-box  the 
tubes  forming  the  intermediate  reservoir  between  the  cylin- 
ders of  each  pair  working  compound. 

This  supposes  a  different  method  of  connection  between 
the  pistons  on  the  same  side,  which  is  not  an  insoluble 
problem.  There  are  several  solutions,  among  which  is  an 
original  one  given  by  me  in  1879.  This  was  for  a  pas- 
senger engine  having  the  cylinders  placed  between  the  for- 
ward and  the  middle  pair  of  driving-wheels.  Figs.  16  and 
\T*  represent  another  plan  made  a  little  before  for  the  later- 
ation  of  a  freight  engine  on  the  Northern  Railroad  of 
Spain.  This  change  required  only  the  lengthening  of  the 
frame  and  the  addition  of  two  small  cylinders  in  front  of 
the  old  ones,  which  were  used  as  low-pressure  cylinders. 
Fig.  18  shows,  on  a  larger  scale,  the  interior  stuffing-box 
making  the  joint  between  the  hollow  rod  h  of  the  small  pis- 
ton and  the  solid  rod  ^of  the  large  piston,  by  the  use  of  the 
tube  i  fixed  in  the  partition  separating  the  two  cylinders. 

The  tandem  arrangement  applied  to  machines  with  six 
and  eight  wheels  coupled  has  always  the  inconvenience  of 
throwing  too  much  weight  on  the  front  of  the  engine  and, 
consequently,  of  requiring  sometimes  an  additional  load 
on  the  rear  end — a  doubtful  solution— or  the  addition  of  a 
carrying  axle  in  front  which  will  not  permit  us  to  utilize  all 
the  weight  for  adhesion  and  will  require  an  increase  of  the 
dead  weight. 

The  Baldwin  shops  in  Philadelphia  have  built  for  the 
Baltimore  &  Ohio  Railroad  a  locomotive  with  four  cylin- 
ders arranged  in  twogroups  working  on  the  Woolf  system, 
but  the  arrangement  differs  from  the  preceding  one  from 
the  fact  that  the  cylinders  on  each  side,  instead  of  being 
placed  one  before  the  other,  are  placed  one  above  the  other, 
as  shown  in  tigs.  30  and  31.  The  two  piston  rods  are 
joined  to  acrosshead  workinjr  in  four  guides,  and  with  the 
pin  for  the  connecting-rod  in  the  center,  as  in  the  arrange- 
ment shown  in  figs.  19  and  20.*  The  cylindrical  valve,  as 
shown  in  fig.  31,  is  worked  directly  by  the  link  without  the 
use  of  the  rock-shaft  common  to  American  engines. 

The  locomotive  in  question  has  two  coupled  axles  and  a 
truck  under  the  cylinders.  The  builders  proposed  to  make 
an  arrangement  of  double  cylinders  which  could  be  applied 
easily  and  at  small  expense  to  the  ordinary  American  en- 
gine.     - 

The  principal  dimensions  of  this  engine  are  as  follows  : 
High-pressure  cylinders,  12  x  24  in.;  low-pressure  cylin- 
ders, 20  X  24  in.;  ratio  of  volumes,  1:2.78;  diameter  of 
driving-wheels,  66  in.;  grate  surface,  24.11  sq.  ft.;  total 
heating  surface,  1,604  sq.  ft-;  working  pressure  on  boiler, 

*  See  March  number  of  the  Journal,  page  no. 


160  lbs.;  weight  on  driving  wheels,  75,400  lbs.;  total 
weight,  105,300  lbs. 

The  following  arrangements  were  adopted  for  the  single 
valve  corresponding  to  the  two  cylinders  of  each  pair  :  Out- 
side lap  for  the  small  cylinder,  f  in. ;  for  the  large  cylinder, 
f  in.  Inside  lap  for  the  small  cylinder,  \  in.;  for  the  large 
cylinder,  \  in. 

It  was  proposed  in  this  engine  to  have  the  passages 
between  the  two  cylinders  as  simple  and  direct  as  possi- 
ble. This  was  reached,  but  with  a  very  complicated  cast- 
ing ;  in  fact,  the  two  cylinders,  the  steam-chest,  and  one- 
half  of  the  saddle  were  made  in  a  single  casting.*    The 
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arrangement  adopted  seems,  besides,  open  to  a  serious 
objection  for  a  very  heavy  engine. 

The  Woolf  system  permits  us  to  obtain  a  maximum  work 
a  little  higher  than  that  of  the  reservoir  system,  but  on  the 
condition  of  accepting  a  certain  difference  between  the 
work  done  by  the  two  pistons.  According  to  indicator 
diagrams  taken  of  this  engine  the  ratio  of  the  work  in  start- 
ing is  1  for  the  small  cylinder  to  1.385  for  the  large  one  ; 
but  with  the  system  of  starting  employed,  which  annuls 
the  action  of  the  small  piston,  the  whole  work  can  be,  in 
starting,  exerted  by  the  large  piston.  This  difference  has 
no  bad  effect  in  the  tandem  arrangement,  and  it  does  not 
amount  to  much  in  the  two-cylinder  engine  ;  it  cannot  be 
neglected  when  the  pistons  act  on  the  extremities  of  a 
crosshead  the  center  of  which  acts  upon  the  connecting- 
rod.  From  this  point  of  view  this  arrangement  seems  in- 
ferior to  the  tandem  form,  and  would  require  more  modifi- 
cations in  applying  it  to  existing  engines.  The  lowest 
point  of  the  large  cylinder  is  22  in.  below  the  common 
axis,  and  unless  the  cylinders  are  inclined,  which  is  con- 
trary to  American  custom,  the  wheels  could  hardly  have  a 
diameter  less  than  56  in.,  which  is  greater  than  is  generally 
used  for  a  consolidation  engine  where  the  wheels  are 
usually  48  or  50  in.  in  diameter. 

The  Baldwin  engine  is  the  first  example  in  practice  of  a 
four-cylinder  locomotive  with  cylinders  placed  in  pairs, 
one  above  another,  although  this  arrangement  had  been 
previously  proposed. 

(to  be  continued.) 


GAS  FURNACES. 


At  the  recent  meeting  of  the  Institution  of  Mechanical 
Engineers  in  London,  Mr.  Bernard  Dawson  read  a  paper 
on  this  subject,  a  summary  of  which  is  given  by  Nature. 

*  M.  Mallet  does  not  seem  to  be  aware  that  casting  the  cylinder  and  halt 
the  saddle  in  a  single  piece  is  an  arrangement  very  generally  adopted  in  this 
country,  and  which  has  been  found  to  work  without  seriousobjection.  1  he 
addition  to  the  casting  made  in  the  Baldwin  compound  engine  i>  the  cyhn- 
drical  steam-chest,  which  in  fact  makes  the  casting  consist  of  three  cylinders 
instead  uf  one  ;  but  this  is  not  a  serious  objection  for  our  founders. 
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He  began  by  stating  that  the  greater  number  of  gas  fur- 
naces in  which  crude  heating  gas  has  been  successfully 
applied  have  been  of  the  reversing  regenerative  type. 
Tnere  are  many  processes,  however,  requiring  tempera- 
tures below  that  maintained  by  the  use  of  regenerators, 
and  in  these  gas  furnaces  have  also  been  used  with  suc- 
cess. It  is  also  often  an  advantage  to  be  able  to  concen- 
trate in  one  spot  the  manipulation  of  all  the  fuel  required 
in  scattered  furnaces.  For  these  reasons,  among  others, 
it  is  often  desirable  to  employ  gas  fuel  when  the  cost  of 
saving  in  fuel  may  be  a  secondary  consideration.  The 
annealing  of  steel  castings,  heating  plates  and  angle  bars, 
etc.,  are  cases  in  point.  On  the  other  hand,  there  are 
cases  in  which  a  higher  temperature  is  required,  such  as 
cannot  be  attained  by  combustion  of  gas  with  cold  air,  and 
in  these  continuous  regeneration — as  opposed  to  reversing 
regeneration— may  be  applied  ;  the  regeneration  having 
the  effect  of  recovering  the  heat  from  the  waste  gases.  In 
either  case,  the  escaping  gases  must  retain  sufficient  heat 
to  secure  the  necessary  draft  ;  in  fact,  regeneration  may 
be  carried  too  far.  The  Author  gives  a  useful  word  of 
warning  on  this  point,  some  designers  being  of  opinion 
that  they  cannot  have  too  much  of  the  good  thing,  regen- 
eration. There  have  been  many  failures  due  to  a  want  of 
appreciation  of  this  point. 

The  Author  divides  gas  furnaces  into  four  classes  : 
(a)  With  reversing  regeneration  ;  (d)  with  continuous  re- 
generation ;  (c)  non-regenerative  ;  and  {(f)  with  blow- 
pipe, or  forced  blast. 

Furnaces  with  reversing  regeneration  (Class  a)  are  of 
several  different  kinds,  (i)  The  ordinary  .Siemens  fur- 
nace, the  arrangemeiit  of  which  is  well  known.  (2)  The 
IJatho  or  Hilton  furnace,  in  vs^hich  the  regenerators  are 
above  ground.  (3)  Furnaces  in  which  the  air  only  is  re- 
generated, the  gas  being  admitted  direct.  (4)  Furnaces 
in  which  a  portion  of  the  waste  heat  is  taken  back  to  the 
producer,  as  in  the  new  Siemens  furnace.  (5)  The  regen- 
erative blast-furnace  stoves  of  the  Cooper  and  Whitwell 
types. 

In  furnaces  with  continuous  regeneration  (Class  d)  the 
air  is  heated  in  flues  by  radiation  or  conduction  from  the 
bottom  of  the  furnace,  and  through  thin  walls  which  sepa- 
rate the  air-flues  from  the  flues  that  carry  the  spent  gases  to 
the  chimney. 

In  non-regenerative  furnaces  (Class  c)  the  air  is  ad- 
mitted to  the  furnace  at  atmospheric  temperature. 

The  blow-pipe,  or  forced  blast  furnaces  (Class  d),  are  of 
two  kinds  :  Firstly,  those  in  which  air  is  supplied  at  at- 
mospheric temperature  by  a  fan  ;  and  secondly,  those  in 
which  the  air  is  heated  by  the  spent  gases,  by  being  passed 
either  through  coils  or  stacks  of  pipes,  or  else  through 
brick  tubes  or  flues. 

For  reasons  already  stated,  we  cannot  follow  the  Author 
into  the  details  of  the  various  types  here  broadly  sketched. 
The  classification  is,  however,  valuable,  and  supplies  a 
standard  which  doubtless  will  be  followed  by  others  when 
dealing  with  this  subject  of  daily  growing  importance. 

In  conclusion,  he  quoted  the  words  of  the  late  A.  L. 
Holley,  as  follows  :  "  Regenerative  furnaces  will  grad- 
ually but  inevitably  take  the  place  of  the  ordinary  heating, 
paddling  and  melting  furnaces,  thus  preventing  the  appli- 
cation of  unspent  furnace  heat  to  steam  generation."  It 
should  be  remembered  that  in  those  days  the  generation 
of  steam  was  looked  on,  in  the  general  metallurgical 
trades,  as  the  proper  and  legitimate  means  of  recovering 
heat  from  waste  furnace  gases.  How  ill  the  device  served 
this  end  those  who  know  the  difficulties  and  dangers  of 
furnace  gas  fired  boilers  will  recognize. 

The  discussion  on  this  paper  was  opened  by  Mr.  Aspin- 
•lU,  the  Superintendent  of  Mechanical  Engineering  to  the 
Lancashire  &  Yorkshire  Railway,  who  bore  testimony  to 
the  successful  working  of  gas  furnaces  in  engineering  prac- 
tice at  the  company's  works,  at  Horwich. 

Mr.  John  Head,  who  is  connected  with  Mr.  Frederick 
Siemens,  also  spoke  at  some  length,  in  the  course  of  his 
speech  dealing  with  the  new  Siemens  furnace,  and  giving 
instances  of  its  successful  working. 

Mr.  .Smith-Casson  also  gave  interesting  particulars  of  a 
furnace  he  had  designed  and  erected.  This  furnace  has 
overhead  regenerators,  a  type  which  is  now  attracting  a 


good  deal  of  attention.  It  is  interesting  to  note  that  Mr. 
Smith-Casson  does  not  advocate  overhead  regeneration  in 
all  circumstances.  It  is  a  subject,  he  said,  upon  which  he 
has  still  an  open  mind.  As  another  speaker  pointed  oul, 
there  is  this  oojection  to  an  elevated  regenerator,  that  the 
heated  air  naturally  rises  to  the  highest  point,  and  there- 
fore the  circulation  may  not  be  as  efficient  as  in  cases 
where  the  regenerators  are  placed  below  the  hearth. 

Mr.  A.  Slater  described  a  device  in  an  ordinary  boiler 
furnace  in  which  iron  retorts  are  placed  at  the  back  of  the 
furnace  bridge,  and  in  these  steam  is  dissociated  and  re- 
turns to  the  furnace  for  combustion  of  the  gases.  As  Mr. 
Macfarlane  Grny  pointed  out,  this  appears  nearly  akin  to 
the  perpetual  motion  theories  ;  but  a  useful  effect  may  be 
obtained  by  transferring  heat  from  a  place  where  it  is  not 
wanted  to  a  place  where  it  is.  Mr.  Slater  said  the  appli- 
cation of  this  device  gave  a  saving  of  38  per  cent,  of  fuel 
burnt,  which  only  proves  that  Mr.  Slater's  boilers  must 
have  been  of  extremely  bad  proportions  originally. 

A  good  deal  of  the  discussion  turned  on  the  burning  of 
gaseous  fuel  in  steam-boilers.  Professor  Alexander  Ken- 
nedy said,  as  to  the  saving  of  burning  gas  with  regenera- 
tive furnaces  in  metallurgical  operations,  there  can  be  but 
little  divergence  of  opinion  ;  but  in  the  case  of  generation 
of  steam,  quite  a  different  set  of  conditions  will  arise.  In 
steel-making,  for  instance,  it  is  necessary  that  there  should 
be  intense  local  heat,  and  the  gases  must  leave  the  furnace 
at  an  enormously  high  temperature.  In  boiler  furnaces 
intense  local  heat  is  to  be  avoided,  and  the  products  of 
combustion  pass  to  the  chimney  comparatively  cool.  Thus 
a  steam-boiler  may  show  an  evaporative  efficiency  or  fuel 
economy  so  high  that  little  more  heat  is  left  in  the  spent 
gases  than  is  necessary  to  supply  chimney  draft,  and  in 
such  a  case  regenerators  would  be  useless.  In  metallurgi- 
cal operations  the  etibciency  of  the  furnace  would  be  some- 
thing absurdly  low  without  regenerators,  perhaps  not 
more  than  5  pe.r  cent.  These  remarks  he  intended  for 
those  people  who  think  that  so  much  better  results  can  be 
obtained  by  complicated  gas-generating  devices  in  steam- 
boilers  than  by  burning  coal  simply  and  logically  on  a 
grate. 

Mr.  Dawson  replied  to  his  critics  at  considerable  length, 
but  without  adding  much  to  what  had  been  already  said  in 

his  paper. 

« 

THE  NORTH  SEA  BALTIC  SHIP  CANAL. 


(From  Mittheilungen  aus  dem  Gebiete  des  Seewesens.) 


I.— HISTORICAL. 

While  the  canals  of  the  ancients  served  originally  only 
to  carry  water  for  irrigation  or  city  supply,  it  was  at  a  very 
early  period  that  their  use  for  purposes  of  trade  and  for 
carrying  vessels  began. 

Ptolemy  and  Pharaoh  both  worked  to  connect  the  Nile 
with  the  Red  Sea.  Under  the  Emperor  Nero  a  survey  was 
made  and  a  plan  prepared  for  cutting  through  the  Isthmus 
of  Corinth.  Claudius  Nero,  a  stepson  of  the  Emperor 
Augustus,  in  the  year  12  b  C,  built  the  Fossa  Drusiana, 
a  canal  which  carried  boats  and  which  connected  the 
Lower  Rhine  with  the  Zuyder  Zee,  near  the  present  town 
of  Doesborg. 

In  the  eleventh  century  there  were  boat-bearing  or  com- 
mercial canals  in  Italy.  The  first  canal  of  this  kind  in 
Germany  was  built  in  1391-98,  by  Liibeck  merchants  be- 
tween the  Elbe  and  the  Trave.  This  Delvenau-Strecknitz 
Canal  was  intended  to  connect  the  North  Sea  with  the  Bal- 
tic, and  enable  trading  ships  to  avoid  the  stormy  and  dan- 
gerous passage  around  Cape  Skagen.  It  was  35  miles  long 
and  3  ft.  deep. 

In  1525  followed  the  building  of  the  Alster  Canal,  which 
had  also  the  object  of  connecting  the  Baltic  with  the  North 
Sea.  It  extended  from  the  Beste,  a  tributary  of  the  Trave, 
to  the  Alster  Lake,  the  outlet  of  which — the  Alster,  a  river 
32  miles  long — discharged  near  Hamburg.  Unfortunately 
this  canal  had  only  a  short  life,  the  warlike  owners  of  the 
adjacent  provinces  having  filled  up  the  canal  a  few  years 
after  its  completion. 
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King  Christian  VII.  of  Denmark  built,  in  1777-84,  the 
Eider  Canal,  which  now  runs  from  Holtenau,  on  the  Kiel 
Fjord,  to  the  Eider,  above  Rendsburg,  where  that  river 
makes  a  sharp  bend  to  the  westward.  The  length  of  this 
waterway,  including  also  a  short  stretch  of  the  Eider,  from 
the  mouth  of  the  canal  to  the  town  of  Rendsburg,  is  28 
miles.  This  canal,  which  was  afterward  transferred  by 
the  Kingdom  of  Denmark  to  the  Duchy  of  Schleswig,  is 
still.  100  years  after  its  first  construction,  in  regular  use. 
Although  it  has  five  locks  and  can  only  pass  boats  of  8  ft. 
draft,  which  hardly  corresponds  with  the  demands  of  the 
present  day,  yet  last  year  there  were  passed  through  it 
4,500  vessels. 

The  dangerous  navigation  around  Cape  Skagen,  the 
northern  point  of  Denmark,  and  the  existence  of  the  so- 
called  "Sound  Dues,"  an  onerous  tax  on  navigation, 
called  into  existence  numerous  projects  for  a  new  waterway 
between  the  Baltic  and  the  North  Sea,  but  none  of  these 
plans  were  carried  out,  owing  to 
economic  or  political  difficulties. 

In  1886,  when  the  German  Navy 
had  reached  a  point  where  it 
could  be  considered  an  important 
factor  in  the  power  of  the  Em- 
pire, the  Reichstag  passed  a  meas- 
ure to  provide  for  the  building  of 
the  North  Sea-Baltic  Canal.  The 
plans  originated  with  the  Ham- 
burg engineer  Dahlstrom,  and  the 
estimated  cost  of  the  work  was 
about  $38,000,000.  The  location 
was  approved  and  the  details  of 
the  work  decided  on,  its  begin- 
ning being  sanctioned  by  the  Ger- 
man Emperor,  in  July,  1886. 

In  October  of  the  same  year  the 
preliminary  works  were  begun, 
and  on  June  3,  1887,  the  work  of 
building  the  canal  was  formally 
begun  by  the  Emperor  in  person. 

The  preliminary  works  were 
pushed  foru'ard,  so  that  in  July, 
1888,  the  greater  part  of  the  earth- 
work was  in  progress,  and  in  Oc- 
tober of  the  same  year  the  last 
had  been  begun. 

II. — THE  BUILDING  OF  THE  CANAL. 

Starting  from  Brunsbiittel,  at 
the  mouth  of  the  Elbe,  in  the  deep 
water  beginning  at  the  Oste-Riff, 
the  canal  passes  through  the  low 
marshy  region  of  the  Elbe,  which 
is  in  places  below  the  future 
water-level  of  the  canal,  through 
the  Kudener  Lake  and  the  Burger 
Moor,  and  then,  near  Griinenthal, 
passes  through  a  ridge  some  80 
ft.  in  height,  which  is  the  divide 
between  the  water-sheds  of  the 
Elbe  and  the  Eider,  and  enters  the 
valley  of  the  Eider. 

Passing    through    the    swamps 
of   the   district   periodically  over- 
flowed by  the  Eider  and  the  Meckel  Lake,  it  approaches 
the    Eider    at    Schiilp,    where    a   strong,   dike    or    levee 
will   be  built  to   protect  it  against  the   freshets  in   the 
river. 

Passing  by  Westerronfeld  the  canal  goes  south  of  Rends- 
burg, and  enters  near  Andorf  the  Obereider-see,  which  it 
follows  for  about  3^  miles,  and  thence  follows  the  general 
course  of  the  old  Eider  Canal,  but  avoiding  its  sharp 
curves,  and  crosses  the  Flemhiider-see  at  its  upper  end. 

The  eastern  end  of  the  canal  is  at  the  village  of  Holtenau, 
in  the  Kiel-Fjord.  The  accompanying  sketch  map  shows 
the  general  course  of  the  canal  and  its  relative  position 
and  connections. 

The  length  of  the  canal  is  61.30  miles  ;  of  this  38.62  miles, 
or  63  per  cent.,  is  straight  line.  The  curves  arc  (}iyi4cd 
as  follows  : 


Radius  of  Curves. 

Length  in  Miles. 

Per  cent,  of  Total 
Lbngth. 

19,680  feet 

16,400    **    • 

3.00 
343 
S.a 

a-34 
0.61 

1.84 

1.86 
1.98 

4-9 
5.6 

91840    "    

8,300    '*    

»3-4 
3-8 

6.^60    *' 

1.0 

5.576  " 

4.930  ♦' 

3.280  " 

3.0 
30 

3-3 

Total 

92.68 

370 

The  canal  has  only  two  locks,  a  tide-lock  at  each  end  to 
protect  the  water-level  against  the  variations  of  the  tide  in 
the  North  Sea  and  the  Baltic. 

The  Brunsbiittel  lock  will  remain  open  during  the  ebb 
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and  until  the  rising  tide  begins  to  flow  into  the  canal  ;  that 
is,  from  three  to  four  hours  on  each  tide.  During  this 
time  ships  can  pass  in  and  out  freely. 

The  Holtenauer  lock  will  remain  open  most  of  the  time, 
as  the  rise  and  fall  of  the  tide  in  Kiel  Harbor  is  not  great. 
It  will  only  be  necessary  to  close  it  when  the  variation  be- 
tween the  harbor  and  the  canal  level  exceeds  18  in.  Thi> 
happens  only  on  spring  tides,  or  in  certain  states  of  the 
wind,  and  observations  extending  over  a  series  of  years 
indicate  that  it  will  not  have  to  be  closed  more  than  25  days 
in  the  year. 

On  the  rest  of  the  canal  there  are  no  locks,  so  that  ships 
will  be  able  to  pass  through  without  delay.  At  Rendsburg 
a  connection  is  made  with  the  lower  Eider  by  a  lock 
through  which  vessels  can  pass,  but  this  lock  doe^  HQ^  ^^ 
any  way  affect  the  navigation  of  the  canal  itself. 
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On  the  straight  sections  and  on  curves  of  over  8,200  ft. 
(-7  coom.)  radius,  the  width  at  bottom  is  72  ft.  On  curves 
of  less  than  8,200  ft.  radius,  the  width  is  increased  in  ac- 
cordance with  the  following  formula  : 

,--.,,,                 /„  ,       Radius    \ 
Width  =  72'  +  (85' ^g^  .  j 

Thus  on  a  curve  of  5,400  ft.  radius,  the  width  of  the 
canal  at  bottom  would  be  72'  -f  55'  =  137  ft.  The  depth 
everywhere  at  the  average  stage  of  water  will  be  29.5  ft. 

The  canal  bed  has  a  slope  of  5  to  i,  and  the  dikes,  or 
protecting  banks,  of  2  to  I  ;  in  very  soft  ground  the  slope 
js6toi.  In  the  sections  in  high  land  the  bank  is  pro- 
tected by  stone  or  rip-rapped  for  6.5  ft.  below  low-water 
mark,  and  tor  3.3  ft.  above  the  average  water-mark.  In 
all  the  cuttings  a  berme  8.2  ft.  wide  is  left,  from  the  outer 
edge  of  which  the  slope,  of  i^  to  i,  begins.  In  low  ground 
the  berme  bank  is  16.4  ft.  wide. 

At  the  lowest  stage  of  water  the  canal  will  have  an  avail- 
able width  of  118  ft.  for  ships  drawing  19.7  ft.  of  water  ; 
in  addition  to  this,  and  to  provide  for  battle-ships  of  great 
beam,  six  passing-places  are  provided,  in  which  the  width 
is  increased  to  197  ft.  at  the  bottom.  Besides  these  the 
Obereider-see  and  the  Andorfer-see  serve  as  passing- 
places  ;  the  last-named  lake  can  also  be  used  as  a  turning 
place,  giving  room  to  turn  around  the  largest  ships. 

The  West  Holstein  Railroad  will  cross  the  canal  on  a 
high-level  bridge,  which  will  leave  a  clear  opening  of  138 
ft.  above  the  water.  There  will  be  three  other  railroad 
crossings  where  swing  or  drawbridges  will  be  used,  and 
three  drawbridges  for  highway  roads.  For  the  less  fre- 
quented roads  16  ferries  will  be  provided,  where  passen- 
gers and  teams  will  be  carried  across  by  ferry-boats. 

The  estimated  amount  of  the  earthwork  required  for  the 
canal  was  about  100,000,000  cubic  vards.  The  soil  is  chief- 
ly sand  with  bowlders,  or  sandy  loam,  or  swampy.  The 
sand  excavated  is  used  for  the  dikes,  and  also  for  strength- 
ening the  bottom  in  swampy  land.  Packed  down  it  sinks 
into  the  bog,  giving  the  bottom  and  slopes  greater  resisting 
po\>if r.  The  bowlders  taken  out  are  valuable  for  rip-rap- 
ping, as  stone  is  very  scarce  in  the  district  through  which 
the  canal  passes.  While  these  bowlders  are  apt  to  hinder 
considerably  the  work  of  the  steam-shovels,  it  must  be  re- 
membered, on  the  other  hand,  that  on  the  entire  line  there 
is  no  rock-work,  and  no  blasting  will  be  necessary  any- 
where. 

In  the  first  two  months  of  work — October  and  November, 
1886— there  were  162,500  cub.  yds.  excavated.  Since  then 
the  plant  and  working  force  have  been  so  increased  that 
in  June  and  July,  1890,  there  were  6,956,300  cub.  yds. 
moved. 

The  plant  in  use  on  the  work  at  the  present  time  includes 
27  steam-shovels,  26  dredges,  15  steam-tugs,  72  barges, 
97  locomotives,  and  2,700  dump  cars. 

The  workmen  employed  are  chiefly  North  Germans,  with 
a  small  proportion  of  Bohemians  and  Italians.  They  are 
lodged  in  barracks  erected  for  the  purpose,  which  have 
been  designed  and  built  with  strict  regard  to  sanitary  con- 
J^yj^s  and  to  secure  the  greatest  possible  amount  of  com- 

"The  locks  and  bridges  will  be  begun  during  the  present 
year,  and  the  entire  work  is  to  be  completed  in  the  year 

.  It  was  at  first  intended  to  fill  up  the  Flemhiider-see  en- 
tirely, but  this  has  been  abandoned  on  the  petition  of  the 
neighboring  landowners,  who  feared  serious  injury  to  their 
tree  plantations.  There  will  be  now  a  part  left  open  form- 
ing a  sort  of  circular  canal  ;  the  upper  part  of  the  lake,  to 
tne  line  of  the  ship  canal,  will,  however,  be  filled  up. 

^   HI.— COMMERCIAL  VALUE  OF  THE  CANAL. 

t  he  necessity  for  a  canal  before  the  time  of  railroads 
was  so  great  that  the  old  Eider  Canal  was  built  and  used, 
n  spite  of  its  small  depth  of  water,  sharp  curves,  and 
numerous  locks.  .  f  . 

^he  railroads,  however,  altered  this  at  a  blow. 
^anals  are  often  closed  on  account  of  ice  in  winter,  re- 
lim'^f'  f^u   ^^'"etimes  lack  of  water.     Their  usefulness  is 
mited   by  the  nature   of  the   ground  and  the  supply  of 
be  r '^'•^li*  ^^^  speed  of  ships  passing  through  them  must 
""»ted  on  account  of  the  washing  of  the  banks. 


The  railroad  can  make  much  better  time,  and  is  better 
adapted  to  handle  light  freight.  Moreover,  branches  can 
be  run  and  stations  placed  conveniently  for  large  manu- 
factories and  other  points  where  freight  originates. 

A  boat  of  2,000  tons  displacement  carries  about  as  much 
as  a  heavy  freight  train.  For  heavy  freight  and  articles  of 
low  cost,  the  water  transport,  however,  presents  great  ad- 
vantages. 

To  sum  up  the  considerations  in  favor  of  the  North  Sea- 
Baltic  Canal,  it  will  probably  not  remain  closed  by  ice  in 
the  winter,  nor  is  there  chance  of  a  short  supply  of  water. 
Apart  from  its  military  use  it  is  of  the  first  importance 
commercially,  carrying  large  sea-going  ships  and  very  much 
shortening  the  distance  between  the  two  seas. 

The  disasters  to  ships  taking  the  route  around  Cape 
Skagen  have  been  carefully  recorded  from  1858  to  1885. 
During  this  time  there  ran  ashore  on  the  west  coast  of  Jut- 
land, near  Cape  Skagen,  in  the  Cattegat,  in  the  Great  Belt, 
in  the  Sound,  on  the  Islands  of  Falstenbo  and  Bornholm 
6,316  ships,  of  which  3,133  were  total  losses.  The  great- 
est proportion  of  disasters  was  in  the  months  of  Novem- 
ber, 1 9  per  cent.;  the  smallest  in  June  and  July,  4  per  cent. 
From  1877  to  1881  a  total  of  91  German  ships,  with  708 
persons  on  board,  were  lost,  which  would  have  been  pre- 
served had  the  canal  been  opened.  The  money  loss  for 
Germany  in  this  period  is  estimated  at  $1,464,000. 

The  increasing  safety  for  ships  and  cargo  through  the 
use  of  the  North  Sea-Baltic  Canal  is  a  great  consideration, 
but  it  must  be  remembered  that  the  entrance  to  the  mouth 
of  the  Elbe  and  to  the  Brunsbiittel  lock  will  not  be  easy  in 
bad  weather  until  some  harbor  works  and  lighting  are 
completed.  It  should  be  noted  also  that  the  Danish  and 
the  Swedish  Governments  have  done  much  in  recent 
years  to  improve  the  lighting  of  the  coast  and  the  naviga- 
tion around  the  Skagen. 

The  shortening  of  the  voyage  is  a  very  important  point 
for  ports  in  the  neighborhood  of  the  eastern  end  of  the 
canal.  Ships  for  English  ports  starting  from  Lubeck  will 
save  570  knots  ;  sailing  from  Wismar  530,  and  from  Ros- 
tock 570  knots.  The  shortening  of  the  voyage  between 
Bornholm  and  the  Thames  will  be  200  knots,  and  this  sav- 
ing will  increase  for  ships  bound  for  ports  in  the  north  of 
England. 

Through  the  canal  a  new  business  route  will  be  opened 
that  ought  to  bring  much  business  to  the  province  of 
Schleswig-Holstein.  Recognizing  this  fact,  Prussia  has 
undertaken  the  payment  of  |i  2,000,000  of  the  total  amount 
of  the  cost  of  the  canal,  which  was  to  be  provided  by  the 
Empire. 

As  to  the  revenue  to  be  expected  from  the  canal,  it  is  to 
be  considered  that  the  tariff  charge  for  ships  must  be  lim- 
ited to  an  amount  which  will  enable  them  to  compete  with 
the  railroads  for  freight,  and  cannot,  therefore,  exceed  a 
point  which  would  enable  the  boats  to  carry  at  about  three- 
fourths  of  the  railroad  rate.  The  sea  route  opened  will, 
however,  be  of  great  advantage  to  some  German  in- 
dustries. Coal  and  iron  from  the  Rhine  provinces,  which 
heretofore  have  been  able  to  compete  with  the  English 
products  only  on  the  North  Sea  coast  will,  by  the  opening 
of  this  canal,  in  connection  with  the  Dortmund  Canal,  be 
able  to  reach  also  the  Baltic  ports. 

The  building  of  the  canal  will  make  it  necessary  for  the 
imperial  authorities  to  improve  the  mouth  of  the  Elbe  and 
to  put  in  additional  lights  there,  in  order  to  make  naviga- 
tion more  secure  for  vessels  seeking  the  entrance  of  the 
canal.  It  is  intended  to  take  measures  for  keeping  navi- 
gation open  and  free  during  the  winter  season  as  well  as 
for  the  rest  of  the  year. 

Official  statistics  show  that  in  the  five  years  1877-82  in 
all  161, 179  ships,  having  a  registered  tonnage  of  53,000,000 
tons,  passed  Cape  Skagen,  giving  a  yearly  average  of  32,- 
235  ships  and  10,600,000  registered  tonnage.  Of  these,  it 
is  considered  that  ships  from  the  north  of  England,  Sweden, 
and  Denmark  will  not  use  the  canal,  so  that  the  proportion 
which  would  pass  through  would  be  about  18,000  ships  of 
5,600,000  tons.  Adopting  these  figures,  the  estimated  rev- 
enue from  canal  tolls  will  be  about  $1,000,000.  while  the 
expense  for  the  canal  service,  repairs,  etc.,  would  be  about 
$450,000,  leaving  a  net  revenue  ot  $550,000.  The  Imperial 
Commission  which  made  these  calculations  does  not  con- 
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sider  that  the  estimate  was  at  all  sanguine,  since  no  allow- 
ance was  made  for  the  fact  that  by  the  time  the  canal  is 
opened  in  1895,  the  steamship  trade  to  the  Baltic  will  prob- 
ably have  doubled,  and  the  estimate  given  above  of  the 
number  of  ships  and  tonnage  will  be  a  low  one. 

An  incidental  advantage  of  the  building  of  the  canal  will 
be  the  draining  of  some  of  the  swampy  lands  along  the  line, 
which  will  be  made  available  for  cultivation  ;  and  there 
will  also  be  a  gain  of  fertile  land  by  filling  in  the  Flem- 
huder-see.  It  may  also  be  expected  that  Danish  and 
Swedish  vessels  will  in  some  cases  use  the  canal  in  stormy 
seasons  and  in  bad  weather  when  the  northern  passage 
would  be  especially  dangerous. 

IV.— MILITARY  VALUE  OF  THE  CANAL. 

Through  the  peculiar  situation  of  its  coast-line  fronting 
on  two  seas,  divided  by  the  peninsula  of  Denmark,  which 
would  probably  be  neutral  in  any  war,  the  German  Em- 
pire is  obliged  to  protect  two  coasts  with  its  fleet.  Although 
the  German  Navy  has  been  largely  increased  during  recent 
years,  it  is  still  outnumbered  by  those  of  England,  France, 
and  Russia.  This  is  the  more  unfortunate  tor  the  Empire, 
since  it  must  keep  strong  fleets  in  both  the  North  Sea  and 
the  Baltic,  and  is  thus  compelled  to  divide  its  naval 
strength.  To  unite  these  two  fleets  in  time  of  war  would 
require  a  great  deal  of  manoeuvring,  partly  through  nar- 
row channels,  which  could  easily  be  closed  by  guns,  tor- 
pedoes, and  submarine  mines. 

The  North  Sea-Baltic  Canal  will  change  all  this.  Sit- 
uated entirely  within  German  territory,  in  24  hours  a  num- 
ber of  large  ships  can  be  passed  through  it.  One  end  of 
the  canal  is  in  the  harbor  of  Kiel,  already  strongly  fortified  ; 
the  other  is  in  the  mouth  of  the  Elbe,  which  can  be  easily 
protected,  so  that  from  a  military  point  of  view  the  canal 
may  be  considered  safe. 

The  German  General  Staff  at  first  opposed  any  expendi- 
ture for  the  canal.  Later,  however,  its  views  altered, 
when  an  increase  of  the  naval  force  was  decided  on,  and  it 
is  mainly  due  to  the  influence  of  the  General  Star!  that  the 
building  of  the  canal  was  decided  on  in  1886. 

The  advantage  of  the  canal  for  the  navy  is  seen  when  we 
consider  that  a  naval  power  seeking  to  attack  Germany  in 
either  sea  can  quickly  be  confronted  by  the  entire  fleet.  In 
other  words,  the  fleet  can  be  moved  on  an  inside  line  and 
its  entire  force  thrown  against  an  enemy  advancing  on 
either  sea,  thus  practically  doubling  its  force. 

It  is  also  to  be  considered  that  the  ships  now  planned 
and  under  construction  will  almost  double  the  present 
strength  of  the  navy  by  the  time  the  canal  will  be  completed, 
in  1895,  making  Germany  a  strong  naval  power. 
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By  Woodruff  Jones,  A.M. 


One  of  the  most  important  economic  questions  of  the 
present  day  is  the  preservation  of  iron  and  steel  struc- 
tures. In  this  country  many  millions  of  dollars  are  an- 
nually spent  in  the  erection  and  construction  of  these,  and 
the  amount  is  increasing  in  rapid  proportion.  Bridges, 
buildings,  viaducts,  ships,  and  machinery  are  now  being 
made  of  these  materials  to  almost  the  entire  exclusion  of 
others.  From  their  very  nature  iron  and  steel  are  peculiarly 
subject  to  decay  from  atmospheric  and  other  influences. 
The  cfuestion  of  preserving  them  is  not  merely  one  of  dol- 
lars and  cents  but.  especially  in  the  case  of  railroads,  one 
affecting  the  lives  and  property  of  a  large  portion  of  the 
community.  What,  then,  is  the  best  method  of  preserving 
them  ? 

The  almost  universal  method  is  by  means  of  paints,  or 
the  application  of  substances  to  their  surface  which  will 
resist  or  retard  the  influence  of  air,  water,  and  other  de- 
structive agencies.  The  requisites  of  a  good  paint  for  this 
purpose  are  that  it  shall  adhere  firmly  to  the  surface  and 
not  chip  or  peel  off,  thereby  leaving  portions  of  the  surface 
exposed.  It  must  not  corrode  the  iron,  else  the  remedy 
may  only  aggravate  the  disease.  It  must  form  a  surface 
hard  enough  to  resist  influences  which  would  remove  it  by 
friction,  yet  elastic  enough  to  conform  to  the  expansion 


and  contraction  of  the  metal  by  heat  and  cold.  It  must  he 
impervious  to  and  unaffected,  as  far  as  possible,  by  niois 
ture,  atmospheric  and  other  influences  to  which  the  struc- 
ture may  be  exposed. 

The  paints  that  have  been  used  for  this  purpose  are 
principally  asphalt  and  coal-tar  paints,  consisting  of  min. 
eral  and  artificial  asphalt  or  coal  tar  either  applied  alone 
or  combined  with  each  other  and,  more  or  less,  with  me 
tallic  bases,  and  iron  oxide  paints  and  lead  oxide  paints 
especially  red  lead,  in  all  of  which  the  pig;ment  is  held  to 
the  surface  of  the  iron  or  steel  by  combination  with  linseed 
oil. 

The  choice  of  paints  must  lie,  so  far  as  our  present  prac 
tical  experience  goes,  between  these  three  classes,  zinc  ox- 
ide being  found  to  be  entirely  unsuitable  on  account  of  a 
propensity  to  peel  off.  What,  then,  is  found  to  be  the  ex 
perience  in  actual  practise  with  these  ? 

Asphalt  and  coal-tar  paints  run  when  exposed  to  the  sun 
and  other  sources  of  heat,  which  is  a  serious  matter  with 
vertical  surfaces,  and  after  a  time  become  extremely  brittle 
and  scale  off  entirely,  leaving  the  under  surface  exposed 
unless  the  paint  is  constantly  renewed.  In  the  mean  time 
the  exposed  iron  and  steel  are  being  corroded  by  rust. 

Iron  oxide  paints,  including  "  metallic  brown,"  are 
paints  made  from  iron  ore,  or  by  some  chemical  process 
with  an  iron  base.  These  are  invariably  iron  in  a  greater 
or  less  degree  of  oxidation,  or,  in  other  words,  rusted  iron. 
Now  it  is  well  known  that  one  of  the  most  active  promot- 
ers of  rust  or  decay  in  iron  is  the  rust  itself.  Under  the 
combined  influences  of  the  moisture  and  carbonic  acid  ol 
the  atmosphere  iron  oxide,  or  iron  rust,  becomes  a  carrier 
of  oxygen  from  the  air  to  the  metal,  rust  begetting  rust. 
It  is  therefore  evident  that  this  material  alone  has  no 
preserving  effect  on  iron  ;  in  fact,  it  promotes  its  decay. 

How  is  it  when  combined  with  linseed  oil  in  the  form  of 
paint  ?  In  the  economy  of  nature  iron  oxide  is  a  great 
disinfectant.  When  in  contact  with  organic  matter  and 
moisture,  even  at  a  low  temperature,  under  favorable 
conditions  it  readily  gives  up  oxygen,  destroying,  more  or 
less,  the  organic  matter  and  being  itself  reduced  to  a  lower 
oxide.  When  thus  reduced,  with  equal  readiness  it  absorbs 
oxygen  from  the  atmosphere  and  again  passes  it  on,  there 
by  promoting  and  eventually  insuring  the  destruction  or 
transformation  of  the  organic  matter  with  which  it  may  be 
in  contact  either  in  the  soil  or  elsewhere.  The  same  proc 
ess  appears  to  take  place  when  combined  with  linseed  oil 
in  the  form  of  paint  and  exposed  to  atmospheric  influences, 
the  oil  being  the  organic  matter. 

If  linseed  oil,  in  drying,  formed  an  air  and  water-proof 
film,  it  might  be  urged  that  the  oxide  of  iron  would  be 
entirely  protected  from  the  direct  influences  of  oxygen  of 
the  air  and  moisture  ;  such,  however,  is  not  the  case. 
The  most  eminent  authorities  have  recently  shown  that 
the  dried  film  of  linseed  oil,  unless  united  with  a  pigment 
that  combines  chemically  and  forms  a  waterproof  coating 
with  it,  actually  absorbs  water  very  much  like  a  sponge. 
Where  water  will  go,  air  will  also  go,  and  we  thus  have  in 
direct  contact  with  the  iron  oxide  of  the  paint,  which  does 
not  combine  chemically  with  oil,  those  elements— air, 
moisture,  and  organic  matter — which  cause  the  iroii  to 
become  a  carrier  of  oxygen  and  a  destroyer  of  what  it  is 
in  contact  with. 

It  is  well  known  that  iron  paint  darkens  with  age  ;  this 
is  caused  largely  by  the  iron  oxide  losing  oxygen,  which  is 
partly  transferred  to  the  oil.  burning  it  up  and  destroying 
its  tenacity,  as  may  be  seen  by  examining  iron  structures 
painted  for  some  time  with  iron  paint  or  metallic  brown, 
the  paint  being  found  extremely  brittle  and  in  feathery 
scales. 

This  is  not  all  the  damage  that  is  done.  The  iron  oxioe 
in  the  paint  becomes  a  carrier  of  oxygen  to  the  very  metal 
it  was  designed  to  protect,  and  the  process  of  corrosion  is 
commenced  and  carried  on  under  the  paint,  which  event 
ually  peels  or  scales  off,  the  surface  of  the  metal  being 
found  more  or  less  oxidized  and  corroded. 

Asphalt  and  iron  oxide  being  thus  shown  to  be  entirely 
incapable  of  preserving  the  iron,  it  remains  for  us  to  con- 
sider the  effect  of  red  lead.  This  pigment  has  the  prop- 
erty of  forming  with  linseed  oil  a  hard  elastic  i-oatin^ 
clinging  with  great  tenacity  to  the  metal.     It  has  no  0x1- 
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dizine  effect  on  iron  and  does  not  act  as  a  carrier  of  oxygen 
from  the  atmosphere  after  the  paint  has  set,  neither  does 
it  render  the  oil  brittle  nor  promote  rust. 

When  red  lead  fails  it  is  principally  by  gradual  wear  or 
{ricfion  from  the  outside.  It  does  not  scale  or  blister, 
which  I^oth  asphalt  and  iron  oxide  paints  will  do,  thereby 
requiring  a  thorough  scraping  and  removal  of  old  material 
before  a  new  coat  can  be  applied.  Any  red  lead  pigment 
adhering  to  the  metal  forms  a  permanent  base  for  subse- 
quent paintings  and  is  utilized  in  further  preserving  the 

metal. 

The  Government  specifications  for  iron  work  in  the  new 
Library  Building  of  Congress  provide  that  "  all  the  work 
not  Bower-Barffed  must  be  given  one  coat  of  pure  red  lead 
paint— «^/  metallic  paint  of  any  kind,  but  pure  red  lead — 
before  leaving  the  shop  and  before  becoming  rusted." 

The  experiments  of  the  Navy  Department  on  the  preser- 
vation and  fouling  of  plates  covered  with  different  pig- 
ments may  be  interesting.  A  plate  of  iron  covered  with  as- 
phalt paint  was  immersed  in  sea  water  for  eight  months  and 
six  days  at  the  United  States  Navy  Yard,  Portsmouth,  N.  H. 
At  the  end  of  that  period  it  was  found  to  be  covered  with 
scum  and  mud  and  very  badly  rusted.  A  plate  coated 
with  iron  paint  immersed  at  Key  West,  Fla.,  was  found  to 
be  covered  with  branch  shell  and  coral,  but  little  paint  re- 
maining, and  very  badly  pitted  and  rusted.  A  plate  with 
two  coats  of  red  lead,  at  the  Norfolk  Navy  Yard,  was  found 
to  have  a  few  barnacles  attached,  but  to  be  in  fair  condi- 
tion, with  no  rust  whatever  on  the  iron  after  the  paint  was 
removed.  It  will  be  seen  that  not  only  did  the  red  lead 
protect  the  iron  better  than  the  other  pigments  referred  to, 
but  that  the  plates  were  in  far  better  condition  as  regards 
barnacles  and  fouling.  The  superiority  of  red  lead  being 
thus  established,  it  is  adopted  for  use  on  hulls  of  Govern- 
ment war-ships. 

On  the  Dutch  State  Railroads  a  series  of  experiments  ex- 
tending over  a  period  of  three  years  were  made  with  the 
above  pigments  on  scrubbed  plates,  as  well  as  those  which 
had  been  pickled  in  acid  to  remove  the  scale.  It  was  found 
that  the  red  lead  was  superior  in  each  case  to  the  others. 

If  red  lead  is  thus  proven  to  be  the  best  pigment  for  pre- 
serving iron  and  steel  structures,  what  is  the  proper  method 
of  applying  it  ?  We  have  seen  above  that  the  value  of  red 
lead  depends  upon  its  forming  a  hard,  elastic  coating  hav- 
ing a  great  tenacity  for  the  iron.  This  is  owing  to  its 
forming  certain  combinations  with  the  oil  and  actually  set- 
ting very  much  the  same  as  plaster  of  Paris  or  cement  sets 
when  mixed  with  water. 

To  successfully  work  with  the  latter  substances  it  is 
necessary  to  put  them  in  shape  as  quickly  as  possible  after 
mixing  with  water  before  the  setting  takes  place.  If  the 
chemical  action  of  setting  has  partly  taken  place  the  ma- 
terial may  be  moulded,  but  it  is  well  known  that  good  re- 
sults will  not  be  obtained.  Red  lead,  like  these  substances, 
must  be  applied  to  the  work  before  it  sets  with  the  oil. 
It  is  on  this  point  that  failures  in  the  use  of  the  pigment 
have  generally  occurred,  because  if  it  be  applied  after  the 
combining  or  setting  process  has  taken  place,  the  hard, 
elastic,  clinging  coating  will  not  be  formed  on  the  iron  sur- 
face. 

The  following  is  the  practise  of  one  of  our  largest  ship- 
building establishments  in  applying  red  lead  to  the  hulls 
of  Government  vessels  :  The  plates  are  first  pickled  in  a 
dilute  solution  of  muriatic  acid,  then  passed  through 
rapidly  revolving  wire  brushes,  which  remove  all  scale  and 
dirt,  leaving  the  iron  with  a  bright,  smooth  surface  ;  then 
tnoroughly  washed  with  pure  water  and  rubbed  entirely 
dry  and  immediately  coated  with  red  lead  and  pure  raw 
i'l^seed  oil.  The  red  lead  is  first  thoroughly  mixed  with 
]ust  enough  linseed  oil  to  form  a  very  thick,  tough  paste, 
which  will  keep  for  several  days  without  hardening.  This 
paste  as  wanted  for  use  is  thinned  down  to  the  proper  con- 
sistency for  spreading  with  pure  linseed  oil,  and  applied  at 


oil 
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gallon  of  paint  thus  prepared  contains  about  5  lbs.  of 


^"^^•j  care  being  taken  to  leave  paint-pots  empty  at  night 

oi 

about 

'n  this  way  the  red  lead  and  oil  get  their  initial  set 
'f^e  surface  of  the  iron,        -     -        - 
^^ought  to  the  iron  the 


and   18  lbs.  of  red  lead,  and  will  cover  on  first  coat 
soo  sq,  ft.,  the  second  coat  about  600  sq.  ft. 

on 

and  the  closer  the  pigment  is 

more  durable  will  it  be  found. 


Some  parties  prime  iron  with  iron  oxide  paint  or  metallic 
brown  before  applying  red  lead,  which  I  believe  to  be  a 
mistake,  as  this  paint  readily  scales  from  iron  and,  of 
course,  carries  the  lead  with  it.  Others  coat  the  iron  with 
oil  before  applying  the  red  lead  ;  this,  too,  prevents  the  ad- 
hering paint  from  coming  in  contact  directly  with  the  sur- 
face, and  should  be  avoided,  provided  the  iron  is  properly 
prepared,  by  thorough  cleaning  and  removal  of  any  scale 
and  moisture,  which  is  a  matter  of  the  greatest  importance. 
In  priming  wood  surfaces  which  are  absorbent  of  oil,  the 
best  practise  favors  the  putting  on  of  a  coat  of  pure  oil,  or 
oil  thinned  with  turpentine,  which  shall  penetrate  the  sur- 
face and  form  a  binder  for  the  subsequent  coats.  With 
iron  the  case  is  quite  different,  provided  we  have  a  paint 
which,  from  its  very  nature,  can  attach  itself  firmly  to  the 
surface,  because  it  is  out  of  the  question  for  it  to  hold  on 
to  the  surface  of  iron  by  any  process  of  absorption  into  the 
pores  of  the  metal,  as  linseed  oil  will  not  penetrate  to  any 
extent.  Such  a  paint  should  be  put  directly  on  the  surface 
of  the  clean,  dry  metal — as  is  done  in  the  cases  of  Govern- 
ment vessels  referred  to — without  the  intervention  of  a  coat 
of  oil  or  other  substances. 

The  rusting  of  iron  before  the  application  of  paint,  which 
is  sometimes  recommended,  should  by  all  means  be  avoided, 
as  it  not  only  prevents  the  contact  of  the  paint  with  the 
metal,  but  induces  a  chemical  action  which  may  go  on 
with  its  corroding  work  under  the  applied  paint. 

As  to  the  relative  cost  of  iron  oxide  paints  and  red  lead, 
there  is  no  doubt  that  the  first  cost  of  painting  structures 
with  iron  oxide  is  somewhat  less  than  with  red  lead.  The 
best  railroad  authorities  state,  however,  that  labor  in  paint- 
ing structural  work  costs  twice  as  much  as  material.  The 
true  economy  must,  therefore,  be  sought  in  the  durability 
of  the  paint  as  well  as  the  preservation  of  the  structure 
from  rust.  Actual  experiments  have  shown  that  structures 
painted  with  iron  paint  had  to  be  repainted  the  third  or 
fourth  year,  those  with  red  lead  not  until  the  sixth  year. 
In  the  second  painting  with  iron  paint  the  old  material 
must  be  entirely  removed  before  a  fresh  coat  can  be  prop- 
erly applied,  entailing  considerable  increased  cost,  where- 
as with  the  red  lead  no  such  expense  is  necessary,  but,  as 
before  stated,  a  portion  of  the  pigment  remains  on  the  iron, 
continuing  to  protect  the  surface,  and  is  the  very  best  base 
for  the  new  coat,  besides  contributing  materially  toward  it, 
thereby  lessening  the  expense  of  each  repainting. 

It  will  therefore  be  easily  seen  that,  although  in  first  cost 
of  red  lead  may  be  slightly  dearer  than  the  iron  paint,  yet 
in  the  long  run  it  will  be  greatly  cheaper,  besides  giving 
assurance,  for  the  reasons  above  stated,  that  the  structure 
is  not  deteriorating  from  the  effects  of  the  atmosphere  and 
paint. 

Before  closing  this  article  it  might  be  well  to  allude  to 
the  effect  of  lamp-black  when  mixed  in  small  quantities, 
say  an  ounce  to  the  pound  of  red  lead.  It  changes  the 
color  to  a  deep  chocolate,  a  possible  advantage  in  some 
cases,  and  also  prevents  the  red  lead  from  taking  its  initial 
set  with  linseed  oil  as  quickly  as  when  mixed  with  oil  alone. 
Experiments  recently  made  showed  that  this  compound 
would  remain  mixed  in  paste  form  with  linseed  oil  some 
30  days  without  hardening.  Thorough  mixture  is  of  the 
greatest  importance  and  should  be  done  in  the  dry  state 
before  adding  the  oil.  If  rapid  drying  is  desired,  Japan 
dryer  can  be  mixed  with  the  oil  used  in  thinning  the  paste 
before  application  with  the  brush, 

T06  much  stress  cannot  be  laid  on  the  great  importance 
of  having  the  metallic  surface  perfectly  clean  and  as  free 
as  possible  from  scale  and  rust  before  the  application  of 
the  paint.  Where  pickling  with  acid  is  Impracticable,  as 
is  frequently  the  case  in  railroad  and  other  structural 
work,  thorough  brushing  with  wire  brushes  should  be  re- 
sorted to. 

♦ 

MECHANICAL  TREATMENT  OF   MOULDING 

SAND. 


In  a  paper  recently  read  before  the  English  Institute  of 
Mechanical  Engineers,  Mr.  Walter  Bagshaw  remarked 
that  if  a  waster  casting  be  made  it  is  invariably  and  not 
unnaturally  attributed  to  accident,  when  it  may  be  more 
probably  due  to  want  of  skill  ;  for  even  moulders  them- 
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selves  are  not  generally  credited  with  a  scientific  knowl- 
edge of  the  principles  on  which  their  art  depends.  In 
large  shops  there  is,  of  course,  a  competent  foreman,  who 
is  responsible  for  the  execution  of  orders  in  the  most  eco- 
nomical way  ;  whereas  in  smaller  foundries,  even  important 
work,  such  as  the  preparation  of  cores  and  the  mixture  of 
sand,  is  not  infrequently  carried  out  by  unskilled  workmen 
in  a  rather  empiric  manner.  On  the  subject  there  seems 
to  be  as  much  difference  of  opinion  as  there  is  diversity  in 
practice.  Some  moulders  place  faith  only  in  kneading  or 
treading  the  few  simple  materials  composing  their  facing 
sand,  jealously  guarding  the  preparation  as  a  trade  secret, 
and  condemning  all  machine  work  ;  while  others  are 
equally  emphatic  in  favor  of  the  particular  machine  for 
grinding,  riddling  or  combing,  to  which  they  have  been 
accustomed. 

He  described  a  view,  magnified  500  diameters,  of  sand 
found  and  much  used  in  the  West  Riding  of  Yorkshire. 
He  said,  "In  its  natural  state  it  will  be  noticed  that  a 
portion  of  the  grains  adhere  together  in  clusters,  varying 
''  in  size  from  masses  containing  hundreds  of  sand  grains  to 
smaller  groups  of  three  or  four  grains,  most  of  them  small 
enough  to  pass  through  an  ordinary  fine  riddle  without  dis- 
integration. The  form  and  size  of  the  groups  are  very 
irregular,  and  many  are  covered  with  a  fine  scaly  powder. 
Samples  from  the  bulk  show  a  preponderance  of  grain 
groups  devoid  of  uniformity.  There  are  exactly  the  same 
appearances  in  fine  Mansfield  and  other  sands,  though  the 
presence  of  sharp  crystals  may  be  more  frequent,  and  the 
abraded  corners  not  so  conspicuous."  Referring  to  an- 
other view  he  said,  "  This  represents  new  sand  mixed  with 
coal  dust  and  burnt  sand.  The  black  spots  dotted  over 
the  new  grains  are  particles  of  coal  which  attach  them- 
selves in  this  manner,  and  when  subjected  to  the  heat  of 
molten  metal  are  converted  into  coke,  often  enveloping  the 
sand  grain  with  a  crust.  In  none  of  the  specimens  ex- 
amined was  coal  found  in  a  separate  loose  state.  Other 
views  illustrated  samples  of  old  sand  very  much  like  gas 
coke,  with  perhaps  more  of  a  metallic  luster,  and  the  ex- 
tent to  which  sand  may  be  destroyed  by  burning  or  chem- 
ical action."  Numbers  of  these  friable  hollow  husks  oc- 
cur in  a  more  or  less  broken  condition,  and  are  easily  re- 
duced to  fine  powder  by  concussion  with  other  particles. 
If  used  again  in  sufficient  quantity,  they  will  cake  and 
cause  metal  to  boil.  One  diagram  illustrated  the  forma- 
tion of  a  shell  round  a  sand  grain,  a  shell  which  could  be 
cracked  like  a  nut,  exposing  a  kernel  of  clean  sand.  Coal 
dust,  as  commonly  found,  takes  the  form  of  angular  splin- 
ters with  laminated  surfaces.  When  magnified  500  diam- 
eters it  appears  only  like  a  fine  powder  ;  the  larger  pieces 
are  not  present  in  quantities  if  the  coal  has  been  properly 
ground.  These  materials,  after  incorporation,  are  gen- 
erally coated  with  some  other  substance,  plumbago  being 
the  most  preferr«d  ;  but  it  is  difficult  to  give  a  correct  im- 
pression of  this  article  in  a  drawing.  When  viewed  in 
bulk  it  is  fluffy,  like  soot ;  and  the  outlines  of  separate 
flakes  are  not  well  defined  by  the  prevailing  light  and 
shade.  The  chemical  composition  of  sand  will  obviously 
affect  the  nature  of  the  casting,  no  matter  what  treatment 
it  undergoes.  Stated  generally,  good  sand  is  composed 
of  94  parts  silica,  5  parts  alumina,  and  traces  of  magnesia 
and  oxide  of  iron.  Sand  containing  much  of  the  metallic 
oxides,  especially  lime,  is  to  be  avoided.  Geographical 
position  is  the  chief  factor  governing  the  selection  of  sand  ; 
and  whether  weak  or  strong,  its  deficiencies  are  made  up 
for  by  the  skill  of  the  moulder.  For  this  reason  the  same 
sand  is  often  used  for  both  heavy  and  light  castings,  the 
proportion  of  coal  varying  according  to  the  nature  of  the 
casting.  A  common  mixture  of  facing  sand  consists  of  6 
parts  by  weight  of  old  sand,  4  of  new  sand,  and  i  of  coal 
dust.  Floor  sand  requires  only  half  the  above  proportions 
of  new  sand  and  coal  dust  to  renew  it.  German  founders 
adopt  one  part  by  measure  of  new  sand  to  two  of  old  sand, 
to  which  is  added  coal  dust  in  the  proportion  of  one-tenth 
of  the  bulk  for  large  castings,  and  one-twentieth  for  small 
castings.  A  few  founders  mix  street  sweepings  with  the 
coal,  in  order  to  get  porosity  when  the  metal  in  the  mould 
is  likely  to  be  a  long  time  before  setting.  Plumbago  is 
effective  in  preventing  destruction  of  the  sand  ;  but  owing 
to  its  refractory  nature  it  must  not  be  dusted  on  in  such 


quantities  as  to  close  the  pores  and  prevent  fiee  exit  of  the 
gases.  Powdered  French  chalk,  soapstone,  and  other  sub- 
stances  are  sometimes  used  for  facing  the  mould  ;  but  next 
to  plumbago,  oak  charcoal  takes  the  best  place,  notwlth. 
standing  its  liability  to  float  occasionally  and  give  a  rough 
casting.  The  author  then  described  mixing  by  hand  rid. 
dling  and  treading,  power  riddling,  roller  mill,  ceutrifu. 
gal  mixer,  toughness  of  sand,  working  expenses,  and  the 
durability  of  centrifugal  mixer. 
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THE  PRACTISE  SHIP. 

This  ship  is  under  construction  by  S.  L.  Moore  &  Sons, 
at  Elizabeth,  N.  J.  The  accompanying  illustration,  from 
the  report  of  the  Bureau  of  Construction  and  Repair,  shows 
a  side  view  and  deck  plan. 

Peculiar  difficulties  attended  the  designing  of  this  ship, 
which  is  intended  to  have,  as  far  as  possible,  all  the  main 
features  of  a  modern  war-ship  on  a  very  limited  displace- 
ment, and  to  be  supplied  with  all  the  varied  appliances 
necessary  to  give  the  naval  cadets  full  training  in  the 
management  of  the  lates|:  type  of  vessels. 

The  vessel  is  a  twin-screw  steel  cruiser,  with  the  chief 
dimensions  as  follows  :  Length  between  perpendiculars, 
180  ft;  extreme  breadth,  32  ft.;  mean  draft,  11  ft.  6  in.; 
displacement,  835  tons. 

Unlike  some  of  the  other  cruisers,  she  is  provided  with 
considerable  sail  power.  The  rig  is  that  of  barkentine, 
the  sail  area  being  about  5,000  sq.  ft. 

The  armament  consists  of  four  4.in.  rapid-fire  rifles  pro- 
tected by  steel  shields  ;  two  6-pounder,  two  3-pounder, 
and  one  i -pounder  rapid-fire  cannon  ;  one  37-mm.  rcvolv 
ing  cannon,  one  Catling  gun,  and  two  torpedo-tubes,  one 
above  water,  and  one  bow  launching  tube. 

There  will  be  a  full  electric  plant,  steam  steering  gear 
and  other  appliances.  Quarters  are  provided  for  captain, 
eight  officers  and  120  cadets  and  seamen. 

The  engines,  one  for  each  screw,  are  of  the  direct-act- 
ing, vertical,  inverted,  triple-expansion  type,  with  cylin- 
ders 13^  in.,  21  in.,  and  31  in.  in  diameter  and  20  in. 
stroke.  There  are  two  boilers,  each  8  ft.  8  in.  in  diameter 
and  17  ft.  long,  with  two  corrugated  furnaces  39  in.  in 
diameter. 

The  coal  capacity  is  140  tons  on  normal  draft.  With 
this  supply  the  radius  of  action  is  1,560  knots  at  13  knots 
an  hour  ;  2,400  knots  at  10  knots  an  hour,  or  3,850  knots 
at  8  knots  an  hour. 

THE   NEW    BATTLE-SHIPS. 

A  sketch  of  one  of  the  new  battle-ships  has  already 
been  given  in  these  columns,  but  the  accompanying  en- 
graving, from  the  report  of  the  Bureau  of  Construction  and 
Repair,  shows  the  design  more  completely,  giving  an 
elevation  and  two  half-deck  plans.  The  condensed  descrip- 
tion below  gives  the  dimensions  as  finally  settled.  Two 
of  these  ships,  the  Massachusetts  and  the  Indiana,  are 
under  construction  at  the  Cramp  yards,  in  Philadelphia; 
the  third— the  Oregon— zX.  the  Union  Iron  Works,  in  San 
Francisco. 

The  general  dimensions  are  as  follows  :  Length  on 
water-line,  348  ft.;  extreme  breadth,  69  ft.  3  in.;  draft,  24 
ft.;  displacement,  10,200  tons. 

There  is  a  belt  of  i8-in.  armor  extending  3  ft.  above  and 
4  ft.  6  in.  below  the  water-line.  Rising  from  this  at  each 
end  are  armored  redoubts  of  17  in.  in  thickness,  extending 
above  the  main  deck  3  ft.  6  in.,  giving  an  armored  free- 
board of  15  ft.  2  in.  These  redoubts  protect  the  turning 
gear  of  the  turrets  and  all  the  operations  of  loading.  The 
turrets  are  inclined,  17  in.  thick,  powerfully  strengthened. 
The  side-armor  belt  is  backed  by  6  in.  of  wood,  two  ij-in- 
plates,  and  a  lo-ft.  belt  of  coal.  The  vessel  above  the  belt 
has  5  in.  of  armor  protection. 

The  8-in.  guns  have  barbettes  of  10  in.,  inclined  turrets 
of  8i  in.,  and  cone  bases  and  loading-tubes  of  3  in.  T"C 
6-in.  guns  are  protected  by  5  in.  of  armor,  and  have  2-in- 
splinter  bulkheads  worked  around  the  deck.  The  6-pound- 
ers  between  decks  have  2-in.  armor  worked  around  them  > 
elsewhere  the  usual  service  shields.  The  i-pounders  are 
protected  by  2  in.  of  steel.     The  deck  over  the  belt  is  n 
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in  and  at  the  ends  3  in.;  this  is  made  up  of  two  thick- 
nesses of  i-in.  mild  steel  plates  with  the  remaining  thick- 
ness in  one  plate.  There  is  a  lo-in.  conning-tower,  the 
connections  being  through  a  tube  protected  by  7  in.  of  steel. 


the  13-in.  guns,  having  a  train  of  14°  across  the  middle 
line.  Special  attention  has  been  paid  to  ease  and  protec- 
tion of  the  ammunition  supply. 

A  full  electric  plant,  with  search-lights,  is  provided  for  ; 


PRACTISE   CRUISER   FOR  THE   UNITED   STATES   NAVY. 


The  main  battery  includes  four  13-in.,  35  caliber, 
breech-loading  rifles  ;  eight  8-in.  breech-loading  rifles,  and 
four  6-in.  breech-loading  rifles.  The  secondary  battery 
consists  0!  twenty  6-pounder  and  six  i -pounder  rapid-fire 
guns,  two  Catling  guns,  and  six  torpedo  tubes. 


also  torpedo-nets  and  all  the  latest  appliances.    Special 
strengthening  has  been  given   to  the  sides   and  deck,  to 
enable  them  to  withstand  the  great  strains  caused  by  the 
firing  of  the  larger  guns. 
The  ship  has  twin-screws,  each  driven  by  a  direct-acting. 


THE   NEW    BATTLE   SHIPS   FOR   THE   UNITED    STATES  NAVY. 


•  ^"C  13-in.  guns  are  17  ft.  8  in.  above  water  and  have 
great  arcs  of  fire  ;  the  6-in.  guns  are  14  ft.  10  in.  above 
water,  and  all  fire  across  the  center-line.  The  8-in.  guns 
^•"c  24  ft.  ^  in.  above  water,  and  can  fire  over  the  tops  of 


vertical,  inverted,  triple-expansion  engine,  with  cylinders 
34^  in.,  48  in.,  and  75  in.  in  diameter  and  42  in.  stroke. 
They  are  expected  to  give  the  ship  a  maximum  speed  of 
16^  knots,  and  a  sustained  sea  speed  oi  15  knots.     Steam 


i66 


THE    RAILROAD    AND 


[April,  1891. 


C/l 

Q 

< 

0 

Di 

< 

X 

< 

Oh 

OS 

u 

Q 

H 

< 

Z 

hJ 

U 

X 

S 

Ph 

55 

oi 

U 

tf 

> 

0 

0 

^ 

C5 

bl 

U 

> 

C/5 

P- 

U 

0 

7. 

s 

< 

0 

CL 

u 

< 

0 

^^ 

a 

■z 

0 

^ 

u. 

Q 

^ 

Cd 

< 

> 

a 

0 
?! 

X 
H 

0 

> 

u 

0 

H 

u 

hJ 

D 

J 

n 

O 
O 


is  furnished  by  two  single-ended  boilers, 
each  10  ft.  2  in.  in  diameter  and  8  ft.  6  in! 
long  ;  and  by  four  double-ended  boilers, 
each  15  ft.  in  diameter  and  18  ft.  long! 
The  working  pressure  will  be  160  Ihs. 
There  are  auxiliary  engines  for  pump- 
ing, draining,  ventilation,  and  running 
the  dynamos. 

The  ship  carries  no  sails,  and  has  only 
one  military  mast  carrying  two  tops  for 
rapid-fire  and  machine  guns.     The  am. 
munition  for  these  can  be  carried  up  in 
side  the  masts. 

TRIAL  OF  THE    "BENNINGTON." 

The  official  trial  of  the  Bennith^ton 
was  made  February  28,  by  a  trip  irom 
New  London,  Conn.,  on  the  Atlantic  and 
down  Long  Island  Sound.  On  a  tour 
hours'  run,  with  high  wind  and  heav7 
sea,  making  about  65  knots,  the  average 
speed  was  about  16.5  knots,  the  highest 
17.2  knots  an  hour.  The  highest  pres- 
sure on  the  boilers  was  170  lbs.,  the 
greatest  speed  of  the  engines  159  revo- 
lutions per  minute.  Under  the  condi- 
tions of  the  trial  the  engines  developed 
about  3,314  H.P.,  or  86  H.P.  below  the 
contract  requirements.  The  ship,  it  is 
stated,  acted  very  well,  and  was  easily 
managed,  even  in  a  pretty  heavy  sea. 

The  Bennington  is  a  duplicate  of  the 
Concord,  which  was  described  and  illus- 
trated in  the  Journal  for  April.  1890, 
page  168.  She  is  an  unarmored  gun- 
boat 226  ft.  long,  36  ft.  beam,  14  ft.  mean 
draft,  and  1,703  tons  displacement.  She 
will  carry  six  5-in.  rifled  guns,  five  small 
rapid-fire  guns  and  eight  torpedo-tubes. 
The  twin-screws  are  driven  by  two  ver- 
tical triple-expansion  engines,  each  hav- 
ing cylinders  22  in.,  31  in.,  and  50  in. 
in  diameter,  and  30  in.  stroke.  The 
ship  will  have  a  full  electric  light  plant 
and  other  modern  appliances. 

THE   NEW    PROVING-GROUND. 

The  new  naval  proving-ground,  which 
is  to  take  the  place  of  the  present  one 
at  Annapolis,  is  at  Indian  Head,  Md.. 
on  the  eastern  bank  of  the  Potomac,  26 
miles  below  Washington.  It  is  much 
better  adapted  to  the  purpose  than  the 
old  ground,  where  there  was  never  room 
enough. 

The  new  grounds  have  been  fitted  up 
under  the  charge  of  Ensign  R.  B.  Dash- 
iell,  U.  S.  N.,  who  was  detailed  for  the 
work.  The  tract  occupied  by  the 
grounds  includes  659  acres  of  land,  so 
as  to  give  a  considerable  reservation  on 
all  sides  of  the  firing  ground,  in  order 
that  in  case  of  an  accident  flying  pieces 
of  metal  will  not  be  likely  to  lall  on  pri 
vate  property,  resulting  in  claims  for 
damages. 

From  the  landing  a  valley  several 
hundred  feet  wide  extends  inland,  while 
on  either  side  the  high  hills  form  naiuia' 
butts  on  which  the  heaviest  projecti'es 
will  make  no  impression.  A  ravine 
branching  off  some  distance  up  the  val- 
ley forms  a  sheltered  location  for  the 
powder  magazine  and  storehouses. 
When  work  was  commenced  the  vallfy 
was  a  marsh,  but  the  stream  flowing 
through  it  has  now  been  confined  to  a 
single   channel  and  a  system  of  drain- 
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a^e  has  been  established  by  which  all  surface  water  is 

carried  off. 

There  will  be  three  firing  positions  or  batteries.  The 
first  and  most  important  of  these  is  the  velocity  battery, 
which  is  now  nearly  completed.  It  is  placed  several  hun- 
dred feet  up  the  valley  from  the  landing  on  the  right-hand 
side,  and  will  for  the  present  contain  mounts  for  6-in.,  8- 
in.  and  lo-in.  guns.  The  projectiles  will  be  fired  directly 
across  the  valley  into  a  sand  butt  made  by  excavating  a 
tunnel  into  the  side  of  the  hill  and  filling  it  with  sand. 
This  is  500  ft.  from  the  battery,  and  between  the  two  are 
two  velocity  screens  100  ft.  apart  connected  by  electric 
wires  with  the  chronograph  house,  situated  over  the  hill 
behind  the  gun  platforms  and  several  hundred  yards 
away,  where  the  jar  caused  by  firing  the  heavy  guns  will 
not  affect  the  delicate  instruments  by  which  the  time  of 
the  projectile's  flight  between  the  two  screens  is  measured. 
An  excellent  bomb-proof,  capable  of  affording  protection 
to  a  large  number  of  men,  has  been  found  by  tunneling 
into  the  hill-side  near  the  gun  platforms.  It  will  also  be  a 
convenient  place  for  storing  heavy  projectiles  near  the 
guns. 

The  range  battery  is  to  be  placed  on  the  opposite  side 
of  the  valley  near  the  river,  in  a  position  where  it  will  com- 
mand a  clear  range  directly  down  the  river,  and  long 
enough  to  range  any  gun  that  will  be  built  for  the  navy. 
Work  on  this  battery  is  advancing  rapidly.  A  third  bat- 
tery will  be  placed  near  the  wharf,  almost  at  the  water's 
edge,  in  a  recess  cut  into  the  hill-side.  This  will  be  used 
for  testing  experimental  guns  where  there  is  danger  of 
bursting,  and  the  high  banks  will  prevent  flying  fragments 
from  doing  any  damage. 

The  most  interesting  feature  of  the  proving-ground  is 
the  system  of  handling  and  moving  heavy  guns  or  other 
material.  A  specially  designed  scow  has  been  built,  carry- 
ing an  ordinary  standard  gauge  railway  track  and  a 
special  car  on  its  top.  This  car  can  be  run  off  on  the  rail- 
way at  the  Washington  Navy- Yard  and  can  be  loaded  in 
any  of  the  shops.  In  the  same  manner  it  can  be  run  off 
the  barge  at  Indian  Head  upon  a  track  running  back  quite 
a  distance  from  shore. 

A  traversing  car,  carrying  a  traveling  crane,  is  then  run 
over  the  car,  and  the  weight  to  be  moved  is  lifted  by  the 
crane.  The  traversing  car  is  then  run  upon  a  turntable, 
by  means  of  which  it  can  be  shifted  to  any  track  desired 
and  carried  to  any  part  of  the  ground  where  it  is  wanted. 
The  gun  platforms  are  elevated  so  as  to  be  exactly  level 
with  the  top  of  the  traversing  car,  so  that  the  crane  can  be 
run  off  of  the  car  and  directly  over  the  carriage  on  which 
the  gun  is  to  be  placed.  The  crane  is  capable  of  lifting 
75  tons.  It  has  just  been  completed  at  the  Washington 
ordnance  shops.  The  hoisting  gear  is  carried  overhead, 
supported  by  a  strong  framework  of  steel,  resting  on  the 
track  wheels.  The  gear  has  a  transverse  motion,  as  well 
as  vertical,  so  that  the  load  can  be  deposited  at  any  point 
within  the  13  ft.  covered  by  the  crane. 


A  JAPANESE  MOGUL  LOCOMOTIVE. 


The  accompanying  illustration  shows  a  locomotive 
built  by  the  Baldwin  Locomotive  Works,  in  Philadelphia, 
f^r  the  Japanese  Government  Railroads.  The  engine  is 
of  3  ft.  6  in.  gauge,  and  is  one  of  several  in  use  on  a  road 
having  very  heavy  grades  and  sharp  curves.  One  of  these 
engines  was  recently  tes.ed  specially  on  the  section  of  15 
ittiles  between  Gotembu  and  Numadzu,  where  there  is  a 
<otal  rise  of  1,500  ft.— an  average  of  100  ft.  to  the  mile, 
the  grades  varying  from  88  ft.  to  132  ft.  to  the  mile.  The 
performance  is  stated  to  have  been  very  satisfactory, 
thotigh  no  particulars  are  given. 

The  engine,  as  will  be  seen  from  the  engraving,  is  of 

the  mogul  type,  with  six  drivers  and  a  two  wheel  truck, 

outside  cylinders  and  extended  smoke-box.     The  boiler  is 

01  steel,  the  barrel  being  57  in.    in  diameter.     The  fire- 

^0^  IS  of  steel,  7  ft.  5i  in.  long.  2  ft.  5i  in.  wide,  4  ft.  8  in. 

aeep  m   front,   and  3  ft.  1 1  in.  at  back.     There  are  201 

tibes,  10  ft.  9  in.  long  and  2  in.  in  diameter.     The  heat- 

"pj^^fface  is  :  Fire-box,  109  sq.  ft.;  tubes,  1,122  sq.  ft.; 

tal,  1,231  sq.  ft.     The  usual  workin§^-pressure  is  140  lbs. 


The  cylinders  are  18  in.  in  diameter  and  22  in  stroke. 
The  steam-ports  are  16  x  tj  in.,  and  the  exhaust-ports 
16  X  2^  in.  The  valve  motion  is  of  the  usual  shifting 
link  type. 

The  driving-wheels  are  48  in.  in  diameter.  The  fixed 
wheel-base  of  the  engine  is  12  ft.,  and  the  total  wheel- 
base  19  ft.  8  in.  The  driving-wheels  are  spaced  6  ft. 
apart,  and  the  distance  from  the  center  of  forward  drivers 
to  center  of  truck  is  7  ft.  8  in.  The  center  of  the  boiler  is 
6  ft.  6  in.  above  the  level  of  the  rails.  The  engine  is  fitted 
with  driver-brakes.     Its  total  weight  is  40  tons. 

The  tender  is  carried  on  one  pair  of  33-in.  wheels  in 
fixed  bearings  forward,  and  a  four-wheeled  truck  under 
the  rear  end.     The  tank  has  a  capacity  of  2,600  gallons. 


THE  SUBMARINE  MINE  AKD  TORPEDO  IN 
HARBOR  DEFENSE. 


Bv  First  Lieutenant  Joseph  M.  Califf,  Third  U.  S. 

Artillery. 


^Copyright,  1890,  by  M.  N.  Forney.) 
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IX. — TESTING. 

The  efficiency  of  a  system  of  mines  depends  upon  a 
thorough  testing  of  all  the  material  and  means  employed 
in  its  construction  and  operation.  This  testing  begins  in 
the  workshop  and  is  continued  unremittingly  so  long  as 
the  mines  are  in  service.  The  never-ceasing  motion  of  the 
sea,  storms,  wear  and  tear  of  material,  loosening  of  joints, 
and  the  varying  pressure  upon  the  case,  are  some  of  the 
causes  in  constant  operation  to  impair  the  efficiency  of  a 
submarine  mine. 

Before  the  mines  are  planted  all  the  material  to  be  used 
is  subjected  to  careful  mechanical  or  electrical  tests,  or 
bo»h.  The  mine-cases,  for  strength  and  water-tightness 
by  submergence  and  hydraulic  pressure  ;  the  cables,  for 
tensile  strength  and  the  insulation  and  conductivity  of 
their  wires  ;  the  fuses  and  disconnectors,  for  resistance  and 
efficiency  ;  the  anchor-ropes,  for  tensile  strength ;  the 
anchors,  for  holding  power,  and  the  junction-boxes  and  all 
mechanical  joints,  for  water-tightness.  While  the  mines 
are  being  put  down,  all  joints  and  connections  between 
electric  wires  are  tested  as  they  are  made.  The  batteries 
are  tested  for  electro-motive  force  and  general  efficiency. 
After  the  mines  are  down  and  the  final  connections  made, 
the  electrical  tests  are  the  only  ones  then  available,  yet 
with  proper  instruments,  it  is  possible  at  any  time  to  deter- 
mine the  condition  of  the  whole  system  or  of  any  particu- 
lar mine. 

The  above  refers  particularly  to  a  system  of  electrically 
controlled  mines.  With  a  system  of  purely  self-acting 
mines  all  the  mechanical  tests  would  be  applied  to  the  ma- 
terial. To  thoroughly  test  the  efficiency  of  a  mine  of  this 
character,  whether  explosion  is  produced  by  direct  contact 
or  by  a  falling  weight,  it  would  be  necessary  to  fit  it  up  in 
all  respects  as  for  service,  except  the  exploding  charge,  to 
properly  moor  it,  and  then  subject  it  to  all  sorts  of  colli- 
sions with  a  vessel  at  different  rates  of  speed.  A  subse- 
quent examination  would  determine  whether  or  not  it  had 
behaved  in  a  satisfactory  manner. 

All  the  cables  of  a  system  of  electrical  mines  are  led 
through  an  underground  gallery  to  the  testing-room  at 
some  secure  point  on  shore.  In  a  permanent  work  this 
would  usually  be  in  an  underground  casemate.  Here  are 
gathered  all  the  instruments  for  testing  and  sometimes  the 
batteries  for  firing  the  mines.  The  wire  from  each  mine  is 
led  to  a  separate  binding  screw  on  the  test-table  and  given 
a  number  corresponding  with  its  mine.  A  separate  gal- 
vanometer for  each  mine  is  desirable.  The  testing  battery 
should  be  in  addition  to  the  one  used  for  firing. 

The  cables  are  usually  submerged  in  tanks  before  they 
are  put  down,  and  tested  for  resistance  and  conductivity. 
The  fuses  are  tested  for  efficiency  by  connecting  them  up 
in  a  circuit,  which  includes  a  resistance  coil  representing 
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the  entire  resistance  of  the  circuit  as  arranged  for  actual 
service,  and  exploding  them.  This  test  will  also  indicate 
the  safe  limit  of  strength  of  current  for  use  in  ordinary 
testing.  To  test  the  efficiency  of  the  disconnector  or  cut- 
off-fuse, a  circuit  is  made  up  which  includes  a  mine  and 
disconnector-fuse  arranged  as  in  service,  and  a  resistance 
representing  the  other  parts  of  the  mine  circuit,  and  then 
fired  with  a  strength  of  current  sufficient  to  fuse  the  plati- 
num wire  bridges,  and  then  testing  to  see  if  the  broken 
end  of  the  wire  is  properly  insulated. 

The  condition  of  a  mine  as  regards  moisture  is  a  diffi- 
cult thing  to  ascertain.  Resort  may  be  had  to  what  is 
known  as  the  sea-cell  test  which,  although  delicate,  is 
about  the  only  one  possible.  In  this  arrangement  advan- 
tage is  taken  of  the  fact  that  if  two  suitable  plates  of  metal, 
as  zinc  and  copper,  or  zinc  and  carbon,  are  immersed  in 
salt  water,  a  current  is  generated  capable  of  deflecting  the 
needle  of  a  galvanometer,  which  deflection  varies  in  direc- 
tion and  in  degree  with  the  metals  used.  The  simplest 
form  of  a  "  sea-cell"  is  to  place  in  circuit  withm  the  mine- 
case,  between  the  circuit-closer  and  the  shore,  a  zinc  plate, 
and  beyond  the  fuse  to  form  the  ordinary  earth-connection 
is  a  plate  of  carbon.  At  the  shore  station  is  a  sensitive 
galvanometer  from  which  connection  is  made  with  a  sub- 
merged copper  plate.  By  connecting  up  to  the  galva- 
nometer, carbon  and  zinc  plates,  as  well  as  copper,  another 
set  of  combinations  would  be  obtained,  giving  different  in- 
dications on  the  instrument.  Under  normal  conditions, 
when  the  mine  is  dry,  a  sea-cell  is  formed  between  the  car- 
bon plate  and  the  copper  of  the  home  station,  and  a  deflec- 
tion is  given  to  the  needle  of  the  galvanometer  in  a  certain 
direction.  Should,  however,  the  mine-case  leak  and  the 
zinc  plate  within  come  in  contact  with  sea  water,  a  cell  is 
formed  between  the  zinc  and  copper  pair,  and  a  differ- 
ent deflection  is  given  to  the  needle.  Should  the  cable  be- 
come injured  and  its  copper  wire  exposed  to  the  sea.  a  cell 
of  two  copper  plates  will  be  formed  and  the  fact  indicated 
by  the  galvanometer. 

To  determine  whether  a  buoyant  contact  mine  maintains 
its  position  the  telephonic  test  may  be  had.  For  this  pur- 
pose there  is  a  telephone  at  the  shore  station  and  one  with- 
in the  mine,  properly  connected.  Upon  the  diaphragm  of 
the  latter  a  number  of  small  loose  shot  are  placed.  The 
uniformity  with  which  the  mine  sways  under  the  action  of 
tide  or  current  will  give  a  good  indication  as  to  the  condi- 
tion of  its  moorings.  Should  the  shot  come  to  a  rest,  it 
can  safely  be  concluded  that  the  mine  has  met  with  some 
mishap  and  is  upon  the  bottom. 

X.— FIRING. 

Almost  any  kind  of  an  electrical  current  may  be  used 
for  firing  submarine  mines.  The  objections  to  a  high-ten- 
sion current,  such  as  is  generated  by  a  frictional  or  dynamo- 
electrical  machine,  have  been  mentioned  in  connection 
with  fuses.  An  open-circuit  battery  generating  a  current 
of  low-potential,  like  the  Ladauche,  is  much  to  be  preferred. 
Such  a  battery  possesses  the  advantages  of  being  easily 
cared  for,  economical,  and  always  ready  for  use.  and  is 
now  generally  employed  for  both  testing  and  firing  pur- 
poses. 

The  manner  of  firing  electro-contact  mines  has  already 
been  explained.  The  contact  of  a  vessel  with  the  mine  is, 
by  means  of  a  circuit-closer,  made  to  ring  a  bell  or  drop 
a  shutter,  leaving  it  to  the  judgment  of  the  observer  whether 
or  not  to  switch  in  the  firing-battery  and  fire  the  mine.  To 
render  the  mine  automatic,  the  signalling  current,  instead 
of  giving  the  usual  signal,  is  made  to  bring  in  the  firing 
battery  at  once.  This  may  be  done  in  various  ways,  as, 
for  instance,  by  making  this  current  act  upon  an  electro- 
magnet which,  drawing  down  a  pronged  lever  into  two 
cups  of  mercury  properly  connected  with  the  firing-battery, 
brings  this  battery  automatically  into  circuit. 

When  the  mines  are  connected  up  in  groups,  the  explo- 
sion of  one  of  the  group  may  be  made  to  break  the  circuit 
for  that  group  for  a  few  seconds,  until  the  tumult  caused 
by  the  explosion  shall  have  subsided,  reducing  thereby  the 
danger  of  sympathetic  explosion. 

To  serve  as  a  permanent  indication  to  the  operator  at 
the  firing-station  that  a  mine  has  been  exploded  and  is  out 
of  action,  it  is  customary  tQ  introduce  into  each  circuit  at 


that  station  an  igniter,  a  contrivance  much  like  an  ordinary 
fuse  which,  exploding  with  a  mine,  serves  the  purpose  in- 
dicated. 

At  night,  or  as  an  extra  precaution  during  fogs,  guns 
bearing  upon  the  mine-field  may  be  loaded,  trained,  and 
so  connected  up  with  the  firing-battery  that  the  explosion 
of  a  mine  will  automatically  draw  their  fire  upon  that  part 
of  the  field. 

By  observation.— \vL  an  observation,  or  judgment  mine, 
no  indication  of  its  proximity  to  the  mine  is  given  by  the 
vessel  itself.  Its  position  must  in  some  way  be  determined 
from  the  shore  station.  The  first  controllable  mines  were 
put  down  by  the  Confederates  in  the  James  and  some  of  the 
Western  rivers.  The  channels  being  narrow,  a  single 
mine  was  all  that  was  required,  and  the  only  preparation 
necessary  was  a  firing-pit  on  one  bank,  and  a  stake  or  some 
marked  point  on  the  other  and  in  line  with  the  mine.  A 
vessel  in  the  channel  and  upon  this,  line  was  within  the 
destructive  area  of  the  mine.  When,  however,  the  mines 
are  numerous  and  distributed  over  a  considerable  area,  tv,fo 
observing  stations  are  necessary,  and  the  position  of  the 
hostile  ship  must  be  determined  by  simultaneous  observa- 
tions taken  from  both  with  plane-tables,  theodolites,  or 
other  angle-measurers.  The  position  of  the  mines  may  be 
known  by  the  bearings  of  stakes  or  distant  objects,  but  the 
better  way,  and  the  one  now  usually  employed,  is  by  the 
use  at  each  station  of  a  permanent  graduated  arc  upon 
which  is  indicated  the  bearing  of  each  mine  or  group  0! 
mines.  This  arrangement  gives  to  an  enemy  no  indication 
ot  the  position  of  the  mines.  The  stations  should  be  so 
situated  that  the  lines  passing  from  them  over  each  mine 
shall  form  as  nearly  as  possible  a  right  angle. 

The  two  stations  having  been  selected  overlooking  the 
mine-field  the  mines  are  buoyed,  and  from  both  stations  the 
bearing  of  each  mine  is  carefully  taken  and  recorded.  This 
might  be  the  compass-bearing,  but  the  use  of  the  perma- 
nent graduated  arc  is  to  be  preferred.  This  firing  arc,  as 
used  in  the  English  service,  is  a  cast-iron  skeleton  frame 
including  'J^°  of  a  circle  of  3^-ft.  radius.  Above  this  arc  a 
telescope,  with  cross-wires,  is  mounted  upon  a  vertical 
axis,  which  is  the  pivot  of  the  circle.  Below  the  telescope, 
and  rigidly  attached  to  this  pivot,  is  an  arm  extending  to  the 
outer  rim  of  the  instrument,  and  carrying  a  contact-making 
point  at  its  extremity.  The  arc  having  been  properly  set 
up  and  levelled,  the  bearing  of  each  mine  is  carefully  taken, 
and  a  contact-point  numbered  to  correspond  with  its  mine 
is  securely  clamped  to  the  outer  rim.  In  tracking  a  vessel, 
when  the  telescope  swings  upon  the  line  of  a  mine,  the  arm 
striking  against  its  contact-point  indicates  the  fact  to  the 
observer,  who  can  then  put  down  the  corresponding  key 
upon  the  switch-board.  By  insulating  these  contact-points, 
and  properly  connecting  them  up  with  the  firing-battery, 
the  latter  may  be  brought  into  circuit  without  the  inter- 
vention of  the  operator,  although  this  is  not  the  usual 
method. 

Judgment  mines  may  be  fired  either  by  single  or  double 
observation,  but  the  former  can  be  employed  only  for  a 
very  limited  number  connected  up  to  one  line  and  fired 
simultaneously,  marking  buoys  indicating  to  the  observer 
the  position  of  the  mines.  In  double-observation  firing 
there  are  two  or  more  stations,  depending  upon  the  num- 
ber of  lines  of  mines,  each  station  having  an  observer  and 
an  instrument.  The  station  at  which  the  batteries  and 
testing  instruments  are  located  is  known  as  the  firing-sta 
tion. 

Fig.  21  shows  a  double  line  of  electro-contact  mines  m 
groups  ot  seven.  A  is  the  firing,  ^an  observing  station. 
The  arrangement  of  the  electrical  wires  is  as  follows : 
Starting  at  the  fuse  in  the  mine-case  one  terminal  is  put  to 
ground  through  the  anchoring  gear,  the  other  passes  to  the 
junction-box  a  through  the  disconnector-fuse  to  the  multi- 
ple cable  b,  thence  to  station  B.  Here  the  wires  are  sep- 
arated, pass  over  the  key-board,  and  then,  in  one  or  two 
multiple  cables,  to  station  A,  where  the  wires  are  again 
separated,  passing  over  the  key-board  at  the  firing-station 
to  the  firing-battery  and  to  ground. 

As  thus  connected  up  there  will  be,  binder  ordinary  cir- 
cumstances, two  breaks  in  each  electrical  circuit— at  the 
key-boards  of  the  stations  A  and  ^— which  must  be  closed 
before  the  mine  can  be  fired,     Suppose  a  vessel  to  be 
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approaching  the  mine-field,  as  upon  the  line  B  i.  The  ob- 
server at  B,  the  instant  it  passes  upon  that  line,  puts  down 
his  key,  closing  the  break  at  his  station  and  leaving  only 
that  at  A.  Should  the  vessel  hold  its  course,  the  observer 
at  A,  when  it  arrives  upon  the  line  A  i,  or  over  mine  No. 


I.  puts  down  his  key,  the  circuit  is  closed  and  the  mine 
fired.  If  approaching,  as  at  j,  both  keys  would  go  down  si- 
multaneously when  the  vessel  arrived  over  mine  No.  8. 

With  such  an  arrangement  as  above  indicated,  there 
would  always  be  the  possibility  that  the  observers  at  the 
two  stations  might  be  following  different  vessels  when 
more  than  one  was  approaching  the  mine-field,  and  so  fail- 
ure to  explode  the  mines  result.  This  difficulty  can  be  ob- 
viated by  an  arrangement  by  which  the  observer  at  B  can 
cause  a  signal  corresponding  to  each  individual  mine  to 
operate  at  the  firing-station  so  long  as  a  vessel  remains 
upon  its  line,  leaving  the  final  act  of  firing  the  mines  with 
the  observer  at  that  station.  Electrical  communication 
must,  of  course,  be  maintained  between  the  two  sta- 
tions. 

When  the  mines  are  upon  a  single  line,  as  shown  in  fig. 
22,  the  firing  arrangements  are  very  simple.  At  the  firing- 
station  A  are  the  electrical  batteries  and  a  firing  arc  ar- 
ranged, as  in  the  case  just  described,  with  seven  contact- 
points  to  indicate  the  line  of  mines.  B  is  simply  an  ob- 
serving-station.  The  observer  here  is  provided  with  a  tel- 
escope mounted  in  much  the  same  way  as  has  been  de- 
scribed, but  without  the  graduated  arc.  This  is  set  to  mark 
the  line  of  mines.  Upon  the  approach  of  a  hostile  vessel 
a  warning  signal  is  set  in  operation  at  the  firing  station, 
which  is  changed  to  the  danger  signal  so  long  as  it  remains 
within  the  destructive  reach  of  the  mines.  The  observa- 
tions taken  at  A  determine  when  and  what  mines  are  to 
be  fired. 

The  objection  to  a  single-line  arrangement  of  mines  is 
jhat  the  destruction  of  a  single  mine  opens  a  gate  to  the 
harbor ;  also,  the  discovery  of  the  presence  of  one  would 
indicate  to  an  enemy  the  approximate  position  of  the  whole 
system,  knowledge  that  would  be  of  the  greatest  value 
Were  countermining  operations  to  be  undertaken.  It 
flight  be  said,  however,  that  the  necessity  for  depend- 
ing upon  a  single  line  of  mines  is  likely  to  be  rare.  In 
this  connection  it  maybe  mentioned  that  a  plan  for  running 
out  a  line  of  single  mines  in  any  desired  direction  has  been 
proposed.  This  plan  contemplates  securing  the  mines  to  a 
'arge  hawser,  the  end  ot  which  is  carried  out  in  the 


desired  direction  and  rove  through  a  heavily  anchored 
block,  and  the  hawser  then  drawn  taut  on  the  bottom. 
Whether  this  scheme  is  a  practicable  one  may  be 
questioned. 

Both  the  firing  and  observing-stations  must  not  only  have 
a  clear  view  of  the  mine-field,  but  must  also  be  in  situa- 
tions rendered  secure  against  attacks  by  landing  parties 
from  a  hostile  fleet,  as  well  as  from  the  fire  of  machine  and 
rapid-fire  guns.  Security  may  usually  be  attained  by  plac- 
ing the  stations  at  some  distance  from  the  shore  and  con- 
cealing their  location  from  the  enemy,  supplementing 
these  precautions,  when  necessary,  with  means  of  protec- 
tion and  defense.  That  neither  station  should  be  in  close 
proximity  to  a  fort  or  battery  is  evident.  The  use  of 
smokeless  powder  for  heavy  guns  has,  as  yet,  scarcely 
reached  the  experimental  stage,  and  under  present  con- 
ditions the  station  observers  of  a  mine  system  would  be 
seriously  handicapped  by  the  smoke,  noise,  and  confusion 
prevailing  in  the  neighborhood  of  a  battery  in  action. 

Skirmishing  Mines. — To  confuse  an  enemy  as  to  the 
position  of  the  permament  mines,  as  well  as  to  give  warn- 
ing of  the  approach  of  small  boats  at  night  or  in  foggy 
weather,  as  for  countermining,  it  is  proposed  to  scatter 
irregularly  in  front  of  the  ground  occupied  by  the  regular 
system  numbers  of  small  electro-contact  mines.  These 
would  ordinarily  be  arranged  to  fire  automatically,  although 
not  necessarily  so. 

XI. — COUNTERMINING. 

To  neutralize  or  destroy  the  mines  of  an  enemy  resort  is 
had  to  countermining.  Various  means  are  resorted  to  to 
accomplish  this  object.  In  the  case  of  electrically  con- 
trolled mines,  the  most  effective  way  of  putting  a  group  or 
system  out  of  action  is  to  rupture  the  multiple  cable  lead- 
ing to  the  firing-station.  Next  to  this  the  destruction  or 
neutralization  of  the  individual  mines  is  to  be  sought. 
This  is  accomplished  by  cutting  its  electrical  cable,  or  de- 
stroying the  mine  by  attaching  to  it  a  small  electrical  mine 
and  exploding  it. 

A  fleet  setting  out  to  open  a  passage  in  the  mine-field 
defending  a  harbor  would  provide  boats  for  creeping,  for 


sweeping,  and  launches  for  countermining.  Row-boats 
would  be  sent  over  the  field  to  creep  for  the  cables  with 
properly  constructed  creepers  or  grapnels.  If  not  too 
deeply  submerged  or  too  heavy  they  may  be  raised  and 
cut ;  otherwise  destroyed  by  explosive  grapnels.  Boats 
in  pairs,  with  drag-ropes  or  nets  between  them,  would 
sweep  the  field  for  the  mines  themselves.    The  counter- 
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mining  launches  following  would  endeavor  to  attach  their 
countermines  and  complete  the  destruction. 

It  seems  more  than  probable  that  the  electric  light  will 
play  an  important  part  in  this  connection  in  the  future. 
As  long  ago  as  1887  some  experiments  were  made  at  the 
naval  torpedo  station  with  submerged  incandescent  elec- 
trical lamps.  These  lamps  were  from  100  to  150  candle- 
power,  secured  to  the  end  of  torpedo  spars  and  submerged 
to  varying  depths  up  to  about  20  feet.  The  light  was  suffi- 
cient to  render  objects  within  a  radius  of  100  to  150  feet 
distinctly  visible,  and  there  was  little  or  no  glare  above 
the  water  to  betray  the  presence  of  a  boat. 
fl  The  use  of  an  electrical  light  by  submarine  divers  would 
seem  a  better  method  of  using  this  kind  of  subaqueous  il- 
lumination. A  diver's  helmet  devised  by  Lieutenant 
Scotti,  of  the  Italian  Navy,  for  the  purpose  of  examining 
the  bottoms  of  ships  could  very  well  be  used  for  the  pur- 
poses of  submarine  countermining.  The  lamp  used  is  a 
loo-candle-power  Bernstein.  The  light  is  projected  in  a 
cone  through  the  thick  glass  front  by  a  reflector  in  rear. 
The  current  could  be  supplied  by  accumulators  upon  the 
accompanying  launch.  Experiments  with  this  lamp  indi- 
cate that  a  diver  can  make  his  way  with  ease  either  over 
rocky  or  muddy  bottom  seeing  objects  with  great  distinct- 


b- 


the  dynamite  gun — from  i  to  2  miles — the  presumed  pre 
ence  of  shore  batteries  armed  with  long-range,  high-powcr 
rifles,  and  the  very  moderate  thickness  of  armor  such  a 
vessel  would  be  likely  to  carry,  would  seem  to  indicate  that 
such  a  craft  would  be  blown  out  of  water  long  before  it 
came  within  effective  range  of  its  air-guns.  If  the  guns 
can  be  maintained  within  effective  distance  of  the  mine 
field  their  ability  to  open  a  road  can  hardly  be  doubted. 

(to  be  continued.) 


A  CURIOUS  CAR. 


The  accompanying  engraving,  which  is  made  from  a 
tracing  taken  from  the  original  drawing,  shows  a  car  of 
a  very  curious  pattern,  which  was  built  for  the  South 
Carolina  Railroad  some  50  years  ago.  The  drawing  is 
still  preserved  among  the  records  at  the  shops  of  that 
Company.  An  inscription  on  the  drawing  shows  that  this 
form  of  car  was  deemed  of  sufficient  promise  to  be  cov- 
ered by  a  patent  ;  it  reads  :  "  Patented  by  G?,orge  S. 
Hacker,  January  21st,  1841.     Patent  No.  I937." 

No  scale  is  attached  to  the  drawing,  so  that  it  is  difficult 
to  say  just  how  large  the  car  was  ;  and  this  difficulty  is 
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ness.  By  igniting  the  lamp  after  submergence  there  was 
no  danger  of  breaking.  The  two  conducting  wires  can  be 
enclosed  in  the  air-supply  hose. 

Ground  mines,  especially  those  to  be  fired  by  observa- 
tion, are  much  less  vulnerable  to  countermining  attacks 
than  buoyant  ones.  They  are  not  only  more  difficult  for 
an  enemy  to  discover,  but  more  difficult,  even  when  lo- 
cated, for  him  to  neutralize  or  destroy.  In  putting  down 
a  system  of  mines  to  defend  a  harbor,  it  is  recommended 
that  a  fairway  be  left  through  the  field  free  from  all  float- 
ing or  buoyant  mines  and  defended  only  by  observation 
ground  mines.  If  the  depth  of  water  exceeds  40  feet  the 
charge  would  have  to  be  rapidly  increased  with  the  depth  ; 
and  at  80  feet,  which  may  be  put  down  as  the  maximum 
depth  for  a  ground  mine,  this  would  reach  from  1,500  to 
2,000  lbs.  of  high-explosive. 

Under  the  most  favorable  circumstances  an  attack  upon 
mined  waters  is  difficult  and  hazardous.  Only  at  night 
can  such  operations  be  undertaken,  and  even  then  if  the 
protecting  batteries  are  provided  with  search-lights  and 
machine  guns  the  chances  of  success  are  small,  unless  re- 
sort can  be  had  to  a  purely  submarine  attack,  as  by  divers 
or  by  submarine  boats.  The  danger  of  attempting  to  re- 
move mechanical  mines,  even  by  daylight,  and  with  all 
necessary  appliances,  was  shown  by  the  number  of  Federal 
vessels  destroyed  while  attempting  to  clear  the  mined 
waters  of  Southern  harbors  after  the  close  of  the  Rebellion. 

For  countermining  purposes  much  is  at  present  expected 
from  the  dynamite  gun.  Captain  Zalinski  proposes  a  ves- 
sel specially  constructed  for  this  work,  protected  by  5in.- 
armor  and  armed  with  three  is-in.  dynamite  guns 
mounted  forward,  as  in  the  Vesuvius  y  these  to  carry  8- 
in.  sub-caliber  projectiles  containing  100  lbs.  of  high-ex- 
plosive. A  round  of  three  shell  will  clear,  it  is  supposed, 
a  width  of  100  ft.  at  a  discharge.  To  countermine  a 
channel  7  miles  long  and  loo  yards  wide  it  is  estimated 
that  1.200  shell  will   be  sufficient-     The  short  range  of 


increased  by  the  evident  fact  that  the  draftsman  was  not 
skilled  in  perspective.  If  we  take  the  end  door  as  a  stand- 
ard, it  would  make  the  car  about  45  ft.  long,  and  the 
wheels  51  in.  in  diameter,  which  seems  hardly  probable  ; 
it  is  much  more  likely  that  the  door  and  platform  are  in- 
correctly drawn. 

The  size,  however,  whatever  it  was,  does  not  affect  the 
general  design.  The  car-body  may  be  roughly  described 
afi  a  barrel  laid  on  its  side,  and  composed  of  wooden 
staves  bound  with  iron.  A  long  opening  in  the  side  serves 
in  place  of  windows,  and  the  end  platforms  shown  in  the 
drawing  were  probably  continued  through  the  car  as  a 
floor,  although  there  is  nothing  to  indicate  it. 

An  inscription  on  the  drawing  indicates  that  the  car  was 
to  be  used  either  for  passengers  or  freight.  In  the  latter 
case  the  side  opening  might  be  closed,  or  dispensed  with 
altogether. 

The  car  was  carried  on  two  trucks  with  wooden  frames 
and  outside  bearings.  No  center  pin  is  shown  on  either 
truck,  but  it  seems  as  if  there  must  have  been  one.  There 
are  side-bearings  very  similar  to  the  old  Winans  roller-bear- 
ing, and  the  springs  are  underthe  cross-brace  inthecenterof 
the  truck.  The  axle-boxes  are  apparently  attached  rigidly 
to  the  frame.     The  wheels  are  of  the  spoke  pattern. 

It  will  be  noticed  that  the  draft  was  from  the  trucks,  no 
draw-bar  of  any  kind  being  shown  on  the  car-body. 

It  would  be  interesting  to  know  how  long  this  car  was 
in  service,  what  finally  became  of  it,  and  whether  more 
than  one  was  built. 


THE    CELEBRATION    OF    THE    SECOND    CEN- 
TURY OF  THE  AMERICAN  PATENT  SYSTEM. 

The  Committee  in  charge  of  the  patent  celebration  to 
be  held  in  Washington  on  April  8,  9,  and  10  announces 
that,  in  view  of  the  li#iited  seating  capacity  of  the  largest 
public  hall  in  Washmgton,  it  has  been  found  necessary 
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that  admission  to  the  public  meetings,  at  which  addresses 
vtrill  be  delivered  by  distinguished  speakers,  will  be  by 
ticket  only.  This  rule  will  also  hold  for  the  public  recep- 
tion to  be  given  at  the  Patent  Office  and  for  the  excursion 
to  Mount  Vernon.  Persons  desiring  to  attend  the  meet- 
iti'-^s  and  participate  in  the  reception  and  excursion  should 
make  application  at  once  to  J.  Elfreth  Watkins,  Secretary 
of  the  Executive  Committee,  8ii  G  Street  N.  W.,  Wash- 
ington, D.  C. 

The  programme  issued  by  the  Committee  is  as  follows  : 
April  8,  afternoon,  first  public  meeting,  to  be  presided 
over  by  the  President  of  the  United  States  ;  evening,  second 
public  meeting,  to  be  presided  over  by  the  Secretary  of 
the  Interior  ;  evening,  9  p.m.,  special  reception  to  inven- 
tors and  manufacturers  at  the  Patent  Office  by  the  Secre- 
tary of  the  Interior  and  the  Commissioner  of  Patents. 

April  9,  afternoon,  third  public  meeting,  presided  over 
by  Hon.  Frederick  Fraley,  of  the  American  Philosophical 
Society  and  the  Franklin  Institute  ;  evening,  fourth  public 
meeting,  to  be  presided  over  by  S.  P.  Langley,  Secretary 
of  the  Smithsonian  Institution. 

April  10,  special  anniversary  day,  being  the  anniversary 
of  the  signing  of  the  first  American  patent  law.  In  the 
morning  there  will  be  an  excursion  to  Mount  Vernon, 
where  an  address  will  be  delivered  by  Dr.  Toner,  of 
Washington.  In  the  evening  the  fifth  public  meeting  will 
be  held,  to  be  presided  over  by  Professor  Alexander 
Graham  Bell. 

Among  the  distinguished  gentlemen  who  have  promised 
to  make  addresses  at  the  different  public  meetings  are: 
Edward  Atkinson  ;  Dr.  John  S.  Billings,  U.  S.  A.  ;  Judge 
Samuel  Blatchford  ;  Mr.  O.  Chanute,  President  of  the 
American  Society  of  Civil  Engineers  ;  Senator  J.  W.  Dan- 
iel ;  Professor  Thomas  Gray  ;  Mr.  A.  R.  Spofford,  Libra- 
rian of  Congress  ;  Professor  R.  H.  Thurston  ;  Professor 
William  E.  Trowbridge,  and  a  number  of  others. 

The  general  and  local  committees  have  expended  a 
great  deal  of  labor  on  the  arrangements  for  the  celebra- 
tion, and  it  is  expected  that  they  will  be  very  complete. 

On  the  afternoon  of  April  7  a  meeting  will  be  held  to 
organize  the  National  Association  of  Inventors  &  Manu- 
facturers, and  other  meetings  will  be  held  later  as  oppor- 
tunity is  afforded.  A  number  of  prominent  gentlemen 
have  agreed  to  join  in  this  proposed  Association,  and  ad- 
dresses from  some  of  them  may  be  expected  at  the  meet- 
ings. 

♦ 

OUR  NAVY  IN  TIME  OF  PEACE. 


By  Lieutenant  Henry  H.  Barroll,  U.  S.  N. 


(Contintied  from  pagt  117.) 


Those  naval  duties  heretofore  considered  have  been  of 
a  nature  which  may  be  classed  as  entirely  military  ;  and 
although  pursued  in  time  of  peace,  are  yet  such  as  render 
it  a  more  perfect  defense  to  the  nation  in  time  of  war. 
When  the  nation  is  at  peace,  however,  the  Navy  can  and 
does  in  various  ways  further  the  maritime  interests  of  the 
country. 

It  is  the  duty  of  all  civilized  nations  that  each  shall  take 
its  part  in  the  policing  of  the  sea.  A  hundred  years  ago 
the  ocean  was  swarming  with  pirates  where  now  thou- 
sands of  vessels  are  peacefully  sailing  in  the  pursuit  of 
commerce  ;  and  these  seas  would  again  be  terrorized  by 
pirates  were  it  not  for  the  navies  of  the  world.  True,  the 
aj^e  of  steam  has  made  it  impracticable  for  these  gentle- 
men of  the  sea  to  contmue  their  depredations  so  boldly  as 
in  former  times,  but  long  before  steam  vessels  came  into 
general  use  the  pirate's  doom  had  been  practically  sealed  ; 
while  if  the  several  nations  should  now  withdraw  their 
cruising  ships,  pirates  would  soon  reappear,  and  could 
easily  supply  themselves  with  coal  from  captured  steamers. 

In  time  of  peace  the  presence  of  one  of  our  vessels  in  a 
foreign  port,  instead  of  being  regarded  as  a  menace,  serves 

to  intensify  the  friendly  relations  already  existing  between 
the  two  powers.  The  recent  visit  of  the  White  Squadron 
fo  the  newly  established  Republic  of  Brazil  created  a  good 
impression,  and  that  nation  lost  no  time  in  sending  a 
squadron  to  our  waters,  thanking  the  President  for  the 
courtesy  shown. 


Our  foreign  squadrons,  instead  of  making  these  special 
visits,  are  at  all  times  exhibiting  our  flag  in  foreign  waters, 
extending  to  all  quarters  of  the  globe  a  knowledge  of  our 
manufactures,  and  strengthening  the  friendships  already 
existing  between  the  United  States  and  other  powers. 

The  most  distinguished  instance  of  the  good  effect  of 
this  branch  of  naval  occupation  is  the  expedition  made  to 
Japan,  in  1853,  by  Captain  M.  C.  Perry,  U.  S.  N.,  and 
which  resulted  in  giving  to  the  civilized  world  the  com- 
panionship of  a  people  who  are  now  recognized  to  be  one 
of  the  most  intelligent,  refined  and  progressive  of  existing 
nations.  In  1882  Commodore  Shufeldt,  U.  S.  N.,  in  like 
manner  formed  a  treaty  with  the  hitherto  exclusive  Korean 
nation,  which,  with  its  8.000.000  inhabitants,  has  now 
opened  its  harbors  to  vessels  bearing  American  manufac-- 
tures,  the  sales  of  which  are  each  year  rapidly  increasing. 

During  peace  a  vessel  cruising  on  a  foreign  station  is 
not  likely  to  interfere  in  the  execution  of  that  nation's  laws, 
yet  there  are  times  when  the  mere  presence  of  an  Ameri- 
can vessel  in  a  foreign  port  will  avert  the  oppression  or 
maltreatment  of  one  of  our  citizens  there  engaged  in  busi- 
ness. 

SURVEYING  AND  DEEP-SEA  SOUNDING. 

To  the  Na\7  properly  belongs  the  province  of  surveying 
or  mapping  out  the  different  great  oceans  and  their  shore- 
lines. In  this  work  all  civilized  nations  have  assisted, 
each  generally  surveying,  in  addition  to  its  own  shores  and 
waters,  a  portion  of  those  under  semi-civilized  or  less  en- 
terprising governments. 

Considering  that  our  nation  has  had  but  little  more  than 
one  hundred  years  of  existence,  we  have  thus  far  fully  per- 
formed our  share  of  this  duty  ;  and  to-day  the  United 
States  is  cited  by  other  nationalities  as  possessing  the 
most  complete  and  efficient  system  for  collecting  and  dis- 
tributing hydrographic  information. 

Owing  to  the  establishment  of  the  U.  S.  Coast  Survey  as 
one  of  the  sub-departments  of  the  Treasury,  instead  of  the 
Navy  Department,  naval  surveys  cease  when  we  reach  our 
own  shores  ;  although  the  hydrography  here  is  still  mainly 
executed  by  officers  and  seamen  temporarily  transferred 
from  the  Navy  to  the  Treasury  Department  for  that  pur- 
pose. 

Foreign  surveys  executed  by  United  States  naval  ves- 
sels have  mainly  been  made  along  the  coasts  of  Mexico, 
Central  and  South  America,  China,  Japan,  Corea,  the  Pa- 
cific Islands,  and  the  coasts  of  Africa,  etc.,  while  for  our 
knowledge  of  the  more  advanced  European  countries,  we 
depend  upon  surveys  made  by  themselves  —  engraving 
plates  from  the  charts  which  these  other  countries  have 
published. 

All  of  the  principal  nations  of  Europe  have  been  promi- 
nent in  the  charting  of  the  earth's  surface  ;  and  there  are 
now  few  parts  of  the  globe  which  are  not  covered  by  com- 
paratively well-constructed  charts. 

Among  nations,  Great  Britain  has  done  the  largest 
amount  of  hydrographic  surveying  ;  and  to  this  is  partly 
due  the  superiority  of  her  ocean  commerce  over  that  of 
other  nations.  The  British  Hydrographic  Office  now  pub- 
lishes about  3,000  different  charts  and  100  books  of  sailing 
directions,  covering  all  quarters  of  the  globe,  showing 
the  best  routes  and  channel-ways  that  exist  across  the  seas 
and  into  all  known  harbors,  and  clearly  marking  the  vari- 
ous dangers  to  navigation. 

In  the  earlier  days  of  our  nation  the  people  of  the 
United  States,  in  order  to  navigate  even  our  own  coasts, 
were  dependent  upon  charts  printed  in  England,  and  the 
plates  of  which  were  always  retained  there.  In  recent 
years,  however,  the  United  States  has  made  great  strides 
in  this  work,  and  now  stands  a  close  rival  to  England  in 
the  amount  of  aid  given  to  navigation. 

THE    HYDROGRAPHIC    OFFICE. 

In  1830  there  was  founded  a  depot  for  the  collection  and 
preservation  of  charts,  chronometers  and  other  nautical  in- 
struments belonging  to  the  Navy,  and  for  the  collection 
and  distribution  of  maritime  information.  This  depot 
was  the  foundation  of  the  present  Hydrographic  Office 
and  of  the  Naval  Observatory,  Lieutenant  L.  M.  Golds- 
borough,  U.  S.  N.,  was  appointed  as  first  Superintendent 
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of  the  "  Depot,"  as  it  was  then  designated,  and  it  has  ever 
since  been  under  the  direction  of  the  Navy  Department. 

The  hydrographic  and  astronomical  duties  of  the  Depot 
became  of  such  diverse  natures  that  their  combination  un- 
der one  management  was  no  longer  practicable.  In  1866 
a  division  was  made,  since  which  time  the  two  institutions 
have  had  separate  superintendents.  Both  institutions  are 
under  the  direction  of  the  Bureau  of  Navigation. 

The  United  States  Hydrographic  Office  now  publishes 
about  1,300  charts  of  foreign  coasts  and  harbors  and  over 
100  different  volumes  of  sailing  directions,  besides  an- 
nually distributing,  for  the  benefit  of  navigators,  tons  of 
printed  information. 

These  items  of  information  thus  distributed  vary  greatly 
in  character.  In  addition  to  the  production  of  charts,  with 
accurate  soundings  and  shore-lines,  there  are  numerous 
other  points  which  serve  to  assist  a  navigator  in  traversing 
unknown  waters. 

While  the  traveler  on  shore  may  use  his  sense  of  sight 
in  avoiding  the  dangers  or  obstacles  which  beset  his  path- 
way, the  mariner  must  mainly  trust  to  precarious  sound- 
ings to  indicate  to  him  the  profile  of  the  ocean's  bottom — 
the  greatest  of  all  dangers. 

The  bottom  of  the  sea,  like  the  land  surface  of  the  earth, 
is  continually  changing  ;  and  therefore  the  survey  of  a  har- 
bor or  channel-way,  although  comparatively  accurate  at 
the  time  of  its  execution,  is  not  necessarily  so  for  all  time. 
Along  the  Atlantic  coast  of  the  United  States,  for  exam- 
ple, the  permanency  of  surveys  is  extremely  poor  ;  and 
such  localities  as  Hatteras,  Lookout,  and  Frying  Pan 
Shoals,  as  well  as  the  sand-bars  at  the  entrances  of  many 
of  the  Southern  ports,  should  be  resurveyed  at  least  every 
five  years,  since  in  less  than  that  period  these  shifting 
sand-spots  entirely  change  in  contour. 

The  wrecking  of  a  steamer  upon  a  shoal,  as,  for  exam- 
ple, that  of  the  British  Steamer  Aberlady  Bay,  recently 
stranded  upon  Lookout  Shoals,  will  in  a  very  short  time 
cause  a  complete  change  in  the  shoals  themselves,  and 
their  numerous  dividing  or  "  slue"  channels. 

In  time  of  peace,  while  cruising  on  foreign  stations, 
there  is  no  better  employment  for  naval  vessels  than  that 
of  discovering  new  shoals,  reefs,  etc.,  or  in  carefully  sur- 
veying those  shoals  and  channel-ways  whose  actual  limits 
are  till  now  but  comparatively  little  known.  The  surveys 
are  generally  made  by  vessels  doing  duty  on  foreign  stations, 
but  in  some  cases,  as,  for  example,  the  Wilkes  Exploring 
Expedition,  in  the  Vincennes,  and  the  Survey  of  the  River 
Amazon,  by  Selfridge,  etc.,  vessels  are  specially  detailed 
for  surveying  duty. 

Although  this  work  is  constantly  going  on,  yet,  on  the 
other  hand,  new  dangers  and  obstacles  are  constantly 
being  discovered,  even  along  routes  and  in  localities  which 
have,  been  for  years  considered  clear  of  such  obstructions. 
Breakers,  shoals  and  reefs  are  continually  being  reported, 
especially  in  those  sections  of  the  ocean  where  it  has  hith- 
erto been  impracticable  to  make  other  than  superficial 
surveys  ;  and  vessels  are  constantly  being  sent  to  search 
for  these  reported  dangers,  to  eliminate  erroneous  reports 
from  correct  ones,  to  determine  the  exact  position  and  ex- 
tent of  this  danger,  or  else  to  show  absolutely  that  it  does 
not  exist.  Frequently  the  more  careful  examination  of  the 
locality  in  question  proves  that  that  which  had  been  re- 
ported as  a  line  of  breakers  or  shoal  water  must  have 
been  the  gleam  of  the  sunlight  upon  the  water  or  the 
shadow  of  a  passing  cloud. 

Sea-weed  and  drifting  wreckage  have  been  reported  as 
sea-serpents.  In  the  same  way,  the  ocean  abounds  with 
many  supposed  dangers  to  navigation  which  only  need 
closer  inspection  to  prove  them  harmless. 

The  settlement  of  these  doubtful  dangers,  by  either  plac- 
ing them  accurately  upon  or  entirely  expunging  them  from 
the  chart,  is  of  great  importance.  The  navigator  feels 
more  security  when  he  knows  that  a  careful  search  for 
that  particular  obstacle  has  determined  its  non-existence 
or  has  located  it  as  existing  at  a  certain  definite  point. 

The  noting  of  all  changes  that  occur,  the  search  after 
undiscovered  dangers  and  the  determination  of  doubtful 
reports  may  be  called  the  Care  of  a  Chart,  and  corresponds 
to  the  cleaning  and  oiling  of  an  engine  or  the  scraping  and 
painting  of  the  metal  plates  of  a  modern  ocean  steamship. 


Notwithstanding  the  care  taken  in  correcting  and  per- 
fecting ocean  charts,  the  increased  number  of  ve.ssels  en- 
gaged in  ocean  traffic,  the  greater  speed  at  which  they 
now  travel  and  the  desire  of  all  nations  to  extend  their 
commerce  to  more  remote  localities,  require  that  to  meet 
these  conditions  greater  accuracy  must  be  attained  in 
chart-making.  More  vessels,  greater  competition  and 
quicker  passages  directly  attack  the  safety  of  ocean 
travel  ;  and  this  state  of  affairs  must  be  compensated  for 
as  much  as  possible  by  withdrawing  all  other  sources  of 
danger. 

There  is  little  resemblance  between  the  exact  navigation 
of  to-day  and  the  hap-hazard  voyages  of  those  hardy  ex- 
plorers Hendrik  Hudson,  Magellan,  Gosnold,  and  Da 
Gama  ;  or  the  successful  piratical  raids  of  that  old  free- 
booter Sir  Francis  Drake.  One  hundred  years  ago  the 
libraries  of  the  world  did  not  contain  as  much  information 
with  regard  to  the  sea  as  is  now  annually  gathered  by  the 
hydrographic  office  of  a  single  great  nation. 

With  charts  that  are  nearly  perfect  and  with  accurately 
established  light-houses,  beacons,  buoys  and  other  appli- 
ances for  assisting  navigation,  it  would  seem  that  travel 
by  sea  was  at  this  day  sufficiently  protected. 

People  still  speak  of  the  "  trackless  ocean,"  but  routes 
by  sea  are  now  intelligently  alluded  to,  exactly  described 
and  accurately  laid  down,  the  same  as  trunk  lines  of  rail- 
road are  discussed  or  utilized  by  the  shipper  or  commer- 
cial traveller  ;  and  the  province  of  the  navigator  is  now 
confined  to  keeping  the  safest  or  the  shortest  known  route. 

This,  by  the  way,  is  hardly  ever  that  line  which  upon 
the  ordinary  chart  appears  to  be  the  shortest  distance. 
For  example,  for  a  sailing  vessel  bound  from  Gibraltar 
to  New  York,  the  shortest  route  would  be  southward  and 
east  of  Madeira,  to  a  point  in  long.  30°,  lat.  22° ;  thence 
along  that  parallel  to  long.  60°,  thence  northward,  and 
west  of  Bermuda  to  the  Gulf  Stream,  by  which  to  the 
vicinity  of  New  York.  In  point  of  time,  the  longest  course 
across  the  Atlantic  would  probably  be  represented  on  the 
chart  by  the  line  which  joins  these  two  places. 

Even  in  the  case  of  a  steamer  which  does  not  have  to 
depend  upon  the  winds  for  motive  power,  the  straight  line, 
as  shown  upon  an  ordinary  Mercator's  chart,  does  not  rep- 
resent the  shortest  distance  between  two  places.  This 
least  distance  is  measured  on  the  arc  of  the  great  circle 
upon  which  both  places  are  situated.  The  shortest  dis- 
tance between  Cape  Henry  and  Liverpool,  for  example, 
crosses  the  middle  of  Newfoundland. 

Each  nation  now  vies  with  others  in  making  the  ap- 
proaches to  her  ports  as  secure  as  possible  ;  and  while  we 
spend  millions  of  dollars  in  the  improvement  of  our  har- 
bors, care  should  be  taken  to  point  out  existing  danger  or 
to  publish  the  fact  that  the  road  is  a  safe  one. 

The  master  of  a  vessel  when  starting  upon  a  voyage 
into  foreign  waters  cannot  be  too  well  supplied  with  mari- 
time information.  Although  the  aids  to  navigation,  in  the 
fihape  of  charts  and  buoys,  etc.,  are  now  so  complete,  yet 
when  entering  the  waters  of  a  strange  locality  guide-books 
should  be  on  hand,  filled  with  as  complete  a  description  of 
that  place  as  can  be  obtained  ;  once  arrived  in  that  locality, 
there  is  no  time  to  pause  for  further  knowledge  ;  he  can- 
not telegraph  to  the  rear  for  additional  information.  All 
the  help  that  the  master  can  depend  upon  is  that  informa- 
tion carried  aboard  of  his  own  vessel  ;  and  this  he  studies 
carefully  as  his  vessel  approaches  an  intricate  or  un- 
familiar channel. 

Anything  is  of  importance  which  enables  the  navigator 
to  make  a  speedier  or  a  safer  passage  ;  for  upon  these 
points  depends  the  prosperity  of  the  Voyage. 

Under  the  general  title  of  "  Sailing  Directions"  are  in- 
cluded all  items  of  information  that  assist  the  master  of  a 
vessel  in  making  his  voyage,  ensure  the  sale  of  his  freight, 
or  give  him  a  better  chance  of  securing  a  profitable  return 
cargo. 

"Sailing  Directions"  not  only  state  the  courses  to  be 
steered  from  one  port  to  another,  but  describe  the  prevailing 
favorable  or  contrary  winds  and  currents  ;  ice-fields,  or 
other  dangers  likely  to  be  met  on  certain  courses  ;  tides  ; 
depths  of  water  at  the  entrances  to  various  ports,  etc.,  as  well 
as  hundreds  of  other  items  of  information  which  may  add  to 
the  security  of  the  vessel  and  the  quickness  of  her  cruise. 
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The  localities  where  coal,  water,  wood,  etc.,  may  be 
procured  in  the  foreign  harbors  to  which  he  is  going  ;  the 
number  and  nature  of  the  inhabitants — whether  hostile  or 
friendly  ;  the  mercantile  products  that  are  exported  or  de- 
sired ;  the  best  places  to  anchor,  and  the  facilities  for  dis- 
charging or  taking  cargo  aboard  ;  the  periods  of  the  year 
when  local  or  general  gales  may  be  expected — indeed, 
everything  that  may  add  to  the  knowledge  of  the  navigator, 
so  far  as  this  particular  locality  is  concerned,  and  which 
cannot  be  graphically  represented  upon  the  chart  is  includ- 
ed under  the  descriptions  given  in  "Sailing  Directions," 

A  complete  list  of  the  books  showing  this  information 
for  all  parts  of  the  world  would  be  too  cumbersome  for 
any  vessel  to  carry  and  too  expensive  for  the  masters  of 
vessels  to  provide.  These  books  themselves  are  also  sub- 
ject to  the  same  continual  change  as  are  the  charts  cover- 
ing the  same  localities.  It  is  not  customary,  therefore,  for 
slup-masters  to  keep  copies  of  sailing  directions  too  long 
on  hand.  In  many  cases  it  is  the  custom  for  ship-owners 
to  provide  all  such  help  for  the  ship-master. 

BRANCH     HYDROGRAPHIC   OFFICES. 

Owing  to  the  great  area  of  the  United  States,  and  the  diffi- 
culty there  would  be  in  obtaining  the  most  recent  correc- 
tions for  charts  or  sailing  directions,  branch  hydrographic 
offices  have  been  established  in  the  larger  seaboard  cities, 
where  are  kept  complete  lists  of  charts  and  a  full  library 
of  all  sailing  directions.  Here  the  ship-master  can  depend 
upon  obtaining  at  all  times  the  latest  and  most  reliable  in- 
formation concerning  any  port  with  which  he  may  not  be 
familiar. 

Should  he  have  a  copy  of  the  necessary  chart  or  book 
of  directions,  it  can  be  here  compared  with  the  office  copy 
of  the  same,  which  latter  is  constantly  kept  corrected  by 
the  insertion  of  the  very  latest  received  information. 

The  branch  hydrographic  offices  are  located  at  Boston, 
New  York,  Philadelphia,  Baltimore,  Norfolk,  Savannah, 
New  Orleans,  San  Francisco,  and  Portland,  Ore.  The 
charts  and  books  kept  here  are  not  for  sale,  but  for  refer- 
ence, and  also  in  order  that  the  officer  in  charge  of  the 
office  may  be  able  to  give  clear  and  exact  information  on 
any  maritime  subject. 

Here  is  also  kept  a  file  of  the  Notices  to  Mariners  which 
are  constantly  being  issued  with  regard  to  reported  dan- 
gers, etc.  The  data  for  the  publication  of  these  notices 
is  here  collected  and  forwarded  to  Washington,  where, 
after  being  arranged  and  printed,  copies  are  sent  to  all 
branch  offices,  from  which  as  centres  the  information  is 
distributed. 

When  a  change  is  made  in  either  the  character  or  posi- 
tion of  regular  aids  to  navigation,  or  when  information  is 
received  of  danger  existing  in  the  pathway  of  vessels,  a 
short  account  of  the  same  is  printed  under  this  title  of 
"  Notice  to  Mariners,"  describing  such  change  or  ob- 
stacle, and  stating  what  should  be  done  by  mariners  to 
avoid  trouble  from  the  same.  The  notice  also  generally 
states  what  steps,  if  any,  are  going  to  be  taken  to  remove 
this  obstruction. 

The  temporary  derangement  or  discontinuance  of  a 
light-house,  or  the  establishment  of  a  new  one  ;  the  drifting 
or  destruction  of  any  of  the  various  buoys  or  beacons  ;  the 
discovery  of  a  shoal  or  of  a  superior  channel  to  the  one 
hitherto  known  and  used  ;  the  establishment  of  a  new  port 
of  entry  ;  wrecks,  floating,  or  sunken  in  channel-ways, 
and  the  placing  of  buoys  to  mark  new  dangers  or  new 
channels,  are  among  the  many  causes  which  require  the 
issue  of  such  notices. 

The  hydrographic  offices  of  various  nationalities  inter- 
change such  infcMrmation,  and,  therefore,  since  many  no- 
tices are  received  couched  in  a  foreign  language,  their 
translation  into  English  is  necessary  before  they  can  be 
reissued  for  the  benefit  of  our  merchant  marine.  In  1890 
the  United  States  Hydrographic  Office  issued  1,171  such 
notices,  covering  all  parts  of  the  world. 

Each  branch  office  is  under  the  charge  of  a  naval  officer, 
who  sees  that  all  important  information,  especially  that  re- 
lating to  his  immediate  vicinity,  is  at  once  furnished  to 
steamship  companies,  shippers,  etc.,  whose  interests  are 
thereby  affected. 

In  addition  to  its  publication  of  charts  and  the  writing, 


arranging  and  publication  of  sailing  directions,  notices  to 
mariners,  etc.,  the  Hydrographic  Office  also  publishes  from 
time  to  time  other  valuable  data,  such  as  Ice  charts.  Pilot 
charts.  Meteorological  charts,  abstracts  of  storms  and 
monographs  of  the  more  serious  meteorological  disturb- 
ances. 

DEEP-SEA  SOUNDING. 

All  of  our  knowledge  of  the  profile  and  general  character 
of  the  bottom  of  the  great  oceans  has  been  obtained 
through  the  medium  of  deep-sea  soundings.  By  this  term 
is  now  meant  soundings  in  depths  greater  than  600  ft. 

The  operation  of  laymg  submarine  cables  is  greatly  de- 
pendent upon  the  accuracy  with  which  the  profile  of  the 
ocean's  bottom  can  be  ascertained.  The  principal  diffi- 
culty in  laying  ocean  telegraph  cables  is  found  to  be  the 
danger  in  great  depths  of  breaking  either  the  cable  itself 
or  the  insulated  covering  during  the  operation  of  '*  paying 
out."  After  the  cable  has  once  reached  bottom  it  has  to 
withstand  comparatively  little  strain. 

In  order  to  obtain  accurate  soundings  in  great  depths,  it 
is  necessary  to  use  line  of  a  density  that  will  not  counteract 
the  efforts  of  the  sounding-weight.  What  is  desired  is  an 
"  up  and  down  sounding,"  as  near  as  may  be  obtained. 
A  line  made  of  manila  or  other  buoyant  substance  would 
not  serve  for  this  purpose. 

On  the  other  hand,  the  upper  part  or  surface  end  of  the 
line  used  in  sounding  has  to  support  not  only  the  strain 
of  the  sounding-weight,  but  also  of  the  sounding-line 
itself,  that  part  of  its  weight  which  is  not  water-borne. 

It  can  thus  be  seen  that  at  great  depths,  yet  possibly  be- 
fore the  weight  or  cable  had  reached  the  bottom,  the 
sounding-line  or  telegraph  cable  might  break  merely 
from  the  weight  of  line  that  had  been  payed  out.  The 
sounding -weight  becomes  a  matter  of  small  importance, 
in  comparison  with  the  weight  of  the  line  itself. 

Early  attempts  at  sounding  great  depths  depended, 
therefore,  upon  the  manufacture  of  line  of  great  tensile 
strength  and  of  disproportionately  light  weight. 

An  early  form  of  sounding  apparatus  was  that  invented 
by  Passed  Midshipman  Brooke,  U.  S.  N.  (afterward  Lieu- 
tenant Brooke,  and  the  inventor  of  the  Brooke  rifled  can- 
non). This  apparatus  contained  the  main  principle  upon 
which  are  constructed  the  more  elaborate  sounding- 
machines  of  the  present  day. 

The  Brooke  sounding  apparatus  was  in  its  action  simi- 
lar to  the  modern  hooks  used  for  transporting  blocks  of 
ice,  and  which  detach  themselves  when  relieved  of  the 
weight  they  are  supporting. 

It  consisted  of  three  principal  parts — a  register,  a  rod 
and  specimen  tube,  and  a  detachable  "sinker."  The 
register,  which  was  attached  directly  to  the  sounding-line, 
contained  two  spiral  propellers,  which,  being  turned  by  the 
water,  recorded  by  clock-work  the  amount  of  descent. 
The  rod  and  specimen  tube  had  at  the  upper  part  a  hinged 
link,  which  permanently  joined  it  immediately  underneath 
the  register.  The  lower  end  of  the  rod  was  a  tubular 
space,  in  which  were  vertically  fixed  a  number  of  goose- 
quills,  which  received  and  brought  to  the  surface  speci- 
mens of  the  bottom.  The  sounding-weight  or  sinker  was 
a  perforated  spherical  shot  resting  in  a  washer  supported 
by  wire  slings. 

After  the  rod  and  specimen  tube  had  been  inserted 
through  the  shot  and  its  supporting^  washer,  the  wire  slings 
were  brought  up  and  hooked  over  a  small  lug  upon  the 
hinging  link,  where  they  remained  secure  until  the  point 
of  the  rod  touched  the  bottom,  when  they  immediately  un- 
hooked, and  sinker  and  washer  were  left  behind,  the  reg- 
ister and  rod  being  easily  reeled  again  to  the  surface. 

Many  improvements  have  been  made  in  deep-sea  sound- 
ing apparatus,  notably  by  Sir  William  Thompson,  F.R.S., 
and  by  Commander  C.  D.  Sigsbee  and  Ensign  Harry 
Phelps,  of  the  United  States  Navy  ;  and  now  the  greatest 
known  depths  are  accurately  sounded  by  steamers  such  as 
H.  M.  S.  Challenger  and  the  U.  S.  Steamers  Blake  and 
Ranger,  that  are  fitted  with  the  regular  modern  appliances 
for  deep-sea  sounding. 

The  sounding-line  now  used  is  steel  piano-forte  wire, 
which,  while  weighing  only  about  7  lbs.  to  the  mile,  will 
bear  a  strain  of  400  lbs.  without  breaking.  The  amount 
of  descent  of    the  sinker  is  now  shown   on  the  ship's 
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deck  by  means  of  a  register  attached  to  the  wire-reel,  and 
which  records  each  tura  made.  A  small  correction  is  nec- 
essary for  the  constantly  lessening  diameter. 

The  sinker  may  also  be  arranged  in  such  a  manner  as  to 
be  undetachable,  in  which  case  it  is  recovered  after  the 
sounding  has  been  made.  The  sinkers  vary  in  weight 
according  to  the  anticipated  depth,  while  the  reeling  in  is 
now  done  by  a  small  engine  conveniently  placed  on  deck 
for  that  purpose. 

With  the  many  modern  improvements,  it  is  now  possible 
to  take  deep-sea  soundings  with  ease  and  celerity.  En- 
sign Phelps,  U.  S.  N.,  of  the  U.  S.  S.  Ranger,  while  using 
the  machine  perfected  by  himself,  easily  obtained  sound- 
ings in  650  fathoms  with  a  40-lbs.  lead  sinker,  the  ship 
starting  ahead  at  a  speed  of  7  knots  as  soon  as  bottom 
was  reached,  the  reeling  in  of  the  wire  continuing  while 
under  way,  and  the  wire  coming  in  at  the  rate  of  about  150 
fathoms  per  minute. 

In  the  North  Atlantic,  the  Caribbean  Sea  and  the  Gulf 
of  Mexico  our  vessels  have  done  much  deep-sea  sounding, 
which  has  greatly  increased  our  knowledge  of  the  various 
ocean  currents  in  those  localities  ;  while  several  attempts 
at  deep-sea  trawling  have  been  quite  successful,  many 
specimens  of  shell-fish  and  marine  plants  hitherto  unknown 
having  been  secured. 

To  take  accurate  soundings  in  depths  of  from  three  to  four 
miles,  is  now  a  matter  of  frequent  occurrence,  and  in  even 
greater  depths  soundings  have  been  obtained. 

(to  be  continued.) 
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By  C.  B.  Dudley,  Chemist,  and  F,  N.  Pease,  Assist- 
ant Chemist,  of  the  Pennsylvania  Railroad. 
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Obviously  the  designing  of  a  paint  involves  sufficient 
knowledge  to  answer  three  questions  :  First,  what  kind  of 
pigment  shall  be  used  ;  second,  what  kind  of  binding  ma- 
terial shall  be  used  ;  and  third,  in  what  proportions  shall 
the  pigment  and  the  binding  material  be  mixed  ? 

To  those  who  have  not  given  much  study  to  the  question 
of  paints  it  may  seem  as  though  the  answer  to  the  ques- 
tion, "  What  pigment  shall  be  used,"  is  exceedingly  sim- 
ple. The  simple  answer  would  be,  decide  what  color  you 
want  and  then  use  a  pigment  which  will  give  you  that 
color.  If  red  is  the  colored  desired  use  some  one  of  the 
reds  for  the  pigment ;  if  yellow  is  the  color  desired  use 
some  of  the  yellow  pigments  ;  if  blue  is  the  color  desired 
use  a  blue  pigment ;  if  brown  is  the  color  desired  use  a 
mixture  of  red  and  black  ;  if  green  is  the  color  desired  use 
a  mixture  of  yellow  and   blue  ;    and  if  a  gray  or  a  slate 

•  The  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  of  the  Pennsylvania  Railroad,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona.  They  will  give  summaries  of 
original  researches  and  of  work  done  in  testine  materials  in  the  laboratory 
referred  to,  and  very  complete  specifications  ef  the  different  kinds  of  material 
which  are  used  on  the  road  and  which  must  be  bought  by  the  Company. 
These  specifications  have  been  prepared  as  the  result  of  careful  investigations, 
and  will  be  given  in  full,  with  the  reasons  which  have  lee*  to  their  adoption. 

The  articles  will  contain  information  which  cannot  be  found  elsewhere. 
No.  I,  in  the  Journal  for  December,  1889,  is  on  the  Work  of  the  Chemist  on  a 
Railroad;  No.  II,  in  the  January,  1890,  number,  is  on  Tallow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machinery  to 
which  it  is  applied  ;  No.  Ill,  in  the  February  number,  and  No.  IV,  in  the 
March  number,  are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
in  the  May  number,  on  Petroleum  Products  ;  No.  VII.  in  the  June  number, 
on  Lubricants  and  Burning  Oils;  No.  VIII,  in  the  July  number,  on  the 
Metho<l  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  and 
Lubricating  Greases  ;  No.  X,  in  the  August  number,  on  Battery  Materials; 
No.  XI,  in  the  September  number,  on  Paints  ;  No.  XII,  in  the  October  num- 
ber, on  the  Working  Qualities  of  Paint ;  No.  XIII.  in  the  December,  1800, 
number,  on  the  Drying  of  Paint  ;  No.  XIV,  in  the  February  number  on  the 
Covering  Power  of  Pigments.  These  chapters  will  be  followed  by  others  on 
different  kinds  of  railroad  'supplies.  Managers,  superintendents,  purchasing 
agents  and  others  will  find  these  CoNTRiBtJTiGNS  to  Practical  Railroad 
Information  of  special  value  in  indicating  the  true  character  of  the  materials 
they  must  use  and  buy. 


color  is  desired  tone  some  while  with  enough  of  the  proper 
material  to  give  the  shade  desired,  and  so  on. 

But  to  those  who  have  studied  paints  a  good  deal  the 
matter  is  nothing  like  so  simple.  There  are  a  good  many- 
questions  to  be  considered  in  deciding  what  pigments  to 
use.  All  pigments  do  not  work  equally  well  under  the 
brush,  and  all  pigments  do  not  dry  equally  well.  Many 
pigments  when  mixed  with  binding  material  do  not  behave 
as  it  would  be  thought  beforehand  they  would  behave. 
Many  of  them  are  deficient  in  covering  power  and  devices 
have  to  be  made  use  of  to  overcome  this  difficulty,  and,  per 
haps  more  important  than  anything  else,  all  pigments  are 
not  equally  durable.  With  many  of  them  there  is  ap- 
parently a  chemical  reaction  which  takes  place  between  the 
oil  and  the  pigment  after  it  has  been  on  the  surface  a 
while,  which  results  in  the  perishing  away,  or  in  the 
scaling  or  peeling  of  the  paint.  Furthermore,  some  pig- 
ments repel  water  and  some  pigments  do  not.  Some 
pigments  grind  well  and  some  do  not,  and,  finally,  some 
pigments  are  extremely  expensive  while  others  are  very 
much  less  so. 

In  view  of  these  statements  it  is  obvious  that  the  selec- 
tion of  the  pigment  in  a  paint  to  be  used  generally  is  not 
so  simple  a  matter,  and  that  in  order  to  do  this  work  in 
telligently  and  wisely,  and  secure  good  results  at  the  least 
possible  expense,  an  intimate  knowledge  of  pigments  is 
essential.     Our  experience  with  pigments  has  been  more 
limited  than  we  could  wish,  and  we  do  not  at  all  feel  that 
we  should  be  able  to  convey  in  the  present  article  informa 
tion  sufficient  to  enable  one  unskilled  in  the  art  to  use  all 
pigments  wisely  in  making  paints.     We  do  hope,  however, 
to  be  able  to  give  one  or  two  laws  which,  so  far  as  our  ex 
perience  goes,  have  pretty  broad  if  not  universal  applica 
tion. 

It  will  be  understood  that  the  ground  covered  by  this 
article  is  confined  almost  exclusively  to  house-painting,  in 
carriage-painting,  the  use  of  pigments  is  almost  exclusively 
for  the  sake  of  the  color,  and  the  use  of  the  binding  material 
is  simply  to  hold  the  pigment  to  the  surface.  Questions, 
therefore,  of  durability  or  economy  are  very  much  less  im 
portant  in  carriage-painting  than  in  house-painting,  where 
the  paint  is  relied  on  not  only  for  the  color  but  also  for 
protection,  and  where  its  expense  must  be  likewise  care- 
fully considered. 

It  will  be  remembered  that  in  the  articles  which  have 
preceded  we  have  discussed  (i)  the  durability,  (2)  the 
working  qualities,  (3)  the  drying,  and  (4)  the  covering 
power  of  paints,  and  have  tried  to  set  forth  in  those  articles 
what  we  regard  as  essential  under  the  various  heads.  All 
these  four  properties  are  essential  in  order  to  have  a  good 
paint.  There  is  a  fifth  quality  which  must  not  be  forgot 
ten,  and  especially  in  the  discussion  which  we  are  about  to 
enter  upon,  and  that  is  (5)  the  cost.  What  is  really  wanted 
from  the  standpoint  of  the  consumer,  at  least,  is  that  the 
paint  shall  have  the  four  qualities  mentioned  above,  at  the 
very  minimum  of  cost.  In  what  follows  we  will  try  to  bear 
in  mind  each  of  these  five  essential  requisites. 

In  answering  the  question.  What  pigment  shall  be  used, 
the  subject    naturally  divides  itself    into  two   branches, 
namely,   first,   where  pigments  of  the  color  desired,  and 
which  fulfil  the  five  requisites  mentioned  above,  can  be  ob 
tained  in  the  market,  and,  second,  where  the  desired  col 
ors  cannot  be  obtained  in  pigments  which  fulfil  the  five  req 
uisites  above.     As  examples  of  the  first  of  these  cases  we 
may   mention   the  various  shades  of  red  produced  by  the 
numerous  oxides  of  iron,  also  the  yellows  produced  by  the 
ochres,  the  browns  produced  by  the  umbers  and  Siennas, 
and  the  blacks  produced  by  ivory  black  and  lamp-black. 
With  a  modification  which  will  be  discussed  at  some  length 
a  little  farther  on  we  will  say  that  where  the  color  desired 
is  so  simple  as  any  of  the  above,  or  where  a  pigment  which 
has  the  proper  durability,  working  qualities,  drying  prop 
erties,  covering  properties,  and  cost  can   be  found  of  the 
desired  color,  the  choice  of  the  pigment  is  extremely  sim 
pie.  and  the  answer  to  our  question  of  what  pigment  shall 
be  used  is  not  at  all  difficult  to  find.     But  with  a  very  large 
portion  of  the  paint  used,  exclusive  of  carriage-painting, 
the  question  is  nothing  like  so  simple  as  this,  since  the 
shades  desired  cannot  be  found  embodied  in  a  single  pig 
ment  which  satisfies  the  five  requisites.     To  answer  the 
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question  as  applied, ^therefore,  to  tints  and  shades,  which 
is  a  large  percentage  of  all  the  painting,  it  will  be  neces- 
sary to  go  a  little  deeper. 

There  is,  however,  one  preliminary  question  which  must 
be  discussed  before  we  can  enter  on  this  field,  and  that 
question  is,  "Is  it  necessary  and  wise  in  painting  to  use 
pigments  as  pure  and  unmixed  with  any  other  materials 
as  it  is  possible  to  get  them,  or  with  various  pigments  can 
a  certain  amount  of  inert  matter  be  wisely  used  as  a  con- 
stituent ?"  For  example,  is  it  wise  and  essential  when 
using  red  lead  as  a  pigment  to  have  the  pigment  all  red 
lead  ?  Is  it  wise  and  essential  when  using  white  lead  as  a 
pigment  to  have  the  pigment  all  white  lead  ?  Is  it  wise 
and  essential  when  using  oxide  of  iron  as  a  pigment  to 
have  the  pigment  all  oxide  of  iron,  and  so  on  ?  We  have 
studied  this  point  a  great  deal  and  have  made  a  large  num- 
ber of  experiments,  and  the  successful  answer  to  this  ques- 
tion, it  seems  to  us,  involves  still  another  question, 
namely,  if  the  pigment  is  strong  in  coloring  power,  as  is  the 
case  with  oxide  of  iron,  with  lamp-black,  and  with  other 
pigments  which  might  be  mentioned,  is  it  better  to  dilute 
with  liquid  and  thus  make  a  given  amount  of  paint  cover 
a  larger  amount  of  surface,  or  is  it  essential  for  the  dura- 
bility and  success  of  paints  that  the  surface  should  be  cov- 
ered with  a  large  amount  of  pigment.  It  is  obvious  that 
if  with  a  given  amount  of  paint  of  oxide  of  iron  or  lamp- 
black a  very  much  larger  amount  of  liquid  is  mixed  in  one 
case  than  another  a  very  much  larger  amount  of  surface  will 
be  covered  in  one  case  than  in  the  other,  and  it  is  also  obvious 
that  the  amount  of  pigment  per  square  inch  or  square  foot 
will  be  very  much  less  in  one  case  than  the  other.  We 
have  known  very  many  practical  men  to  claim  as  one  of 
the  advantages  of  the  material  which  they  furnish  that  it 
would  bear  dilution  of  this  kind  with  liquid  and  still  cover 
the  surface  well.  Our  experience  confirms  this  statement, 
namely,  some  of  the  oxides  of  iron  are  so  strong  in  cover- 
in;4  power  that  they  can  be  very  largely  diluted  with  liquid 
and  still  cover  the  surface  excellently  well  ;  but  the  query 
arises,  Is  the  surface  as  well  protected,  and  will  a  paint  of 
this  kind,  namely,  one  in  which  the  amount  of  pigment  per 
square  inch  or  square  foot  of  surface  is  small  be  as  durable 
and  as  satisfactory  in  other  respects  as  one  in  which  the 
amount  of  pigment  per  square  inch  or  square  foot  of  sur- 
face is  very  much  larger  ?  To  this  question  we  answer 
emphatically.  It  will  not.  All  our  experience  and  ex- 
periments for  now  some  three  or  four  years,  show  con- 
clusively that  the  amount  of  pigment  per  square  inch  or 
square  foot  of  surface  is  one  of  the  elements  in  the  durabil- 
ity of  the  paint.  Freight  cars  painted  with  25  lbs.  of  freight- 
car  color  paste  look  well  and  have  a  good  coat  of  paint  on 
them  at  the  end  of  three  or  four  years,  while  cars  painted 
with  12  to  15  lbs.  of  freight-car  color  paste  begin  to  look 
badly  at  the  end  of  the  second  year  and  the  layer  of  paint 
is  thin  and  the  car  has  an  old  and  worn  appearance.  We 
liave  very  little  hesitation  in  saying,  and  we  think  all  ex- 
periments honestly  made  under  proper  conditions  will 
prove  this  point,  namely,  that  it  is  essential  for  a  good 
paint  that  the  amount  of  pigment  per  square  inch  or  square 
foot  of  surface  should  be  large. 

This  may  look  like  making  the  durability  of  the  paint 
depend  on  the  pigment,  whereas  th#  common  idea  is  that 
the  oil  is  the  life  of  the  paint.  We  are  quite  free  to  con- 
fess that  in  our  experience  we  have  not  been  able  to  confirm 
the  common  belief  among  paint  manufactures  and,  indeed, 
among  many  of  the  users,  that  the  oil  is  the  life  of  the 
paint.  The  pigment  is  the  life  of  the  paint  according  to  our 
experience.  In  reality  the  pigment  protects  the  oil  from  de- 
t^^y  if  it  is  present  in  proper  amount  and,  still  further,  is  of 
the  proper  kind.  A  single  thought  seems  to  us  to  have  very 
much  weight  in  this  connection,  namely,  with  such  pig- 
ments, for  example,  as  oxide  of  iron,  which  undergo  no  chem- 
ical change  in  centuries  of  exposure,  it  is  obviously  the  oil 
which  decays  and  wastes  away.  Even  though  the  pigment 
has  fallen  off  from  the  surface  it  is  still  oxide  of  iron  and  is 
unchanged.  Not  so  with  the  oil,  it  is  constantly  under- 
going slow  decomposition,  and  in  reality  the  wear  and 
\vasting  away  of  paint  is  largely  the  decay  of  the  oil.  This 
statement,  of  course,  only  holds  true  where  there  is  no 
chemical  action  between  the  oil  and  the  pigment.  These 
cases  we  will  treat  farther  on.     It  is  sufficient  for  our  pur- 


pose here  to  put  clearly  on  record  that  we  regard  it  as  an 
essential  of  good  paint  that  the  amount  of  pigment  per 
square  inch  or  square  foot  of  surface  should  be  large.  We 
will,  later  on,  when  we  come  to  discuss  the  question  of  the 
relative  proportions  of  oil  and  pigment,  give  some  figures 
on  this  point. 

If  this  statement  b^  granted,  we  are  now  ready  to  discuss 
the  other  question,  namely,  although  it  is  essential  that  the 
amount  of  pigment  per  square  inch  or  square  foot  of  sur- 
face should  be  large,  is  it  essential  that  this  pigment  should 
be  all  of  the  characteristic  kmd  that  is  used  to  give  the 
color  desired  ?  For  example,  although  it  is  essential  to 
have  a  large  amount  of  pigment  on  the  surface  painted 
with  oxide  of  iron,  is  it  essential  that  all,  or  nearly  all,  of 
the  pigment  should  be  oxide  of  iron  ?  We  unhesitatingly 
say.  It  is  not,  and  are  quite  aware  that  in  making  this 
statement  we  are  laying  ourselves  open  to  the  accusation 
that  we  are  opening  the  door  to  all  kinds  of  adulterations 
and  admixtures  and  inferior  results  in  paints,  but  we  do  this 
with  our  eyes  wide  open.  We  are  confident  that  it  is  not 
essential  to  use  pure  pigments,  except  as  will  be  mentioned 
later  on.  We  believe  greater  durability,  fully  as  good 
working  qualities,  equally  good  drying  qualities,  sufficiently 
good  covering  power,  and  diminished  cost  can  be  obtained 
by  mixing  inert  materials  with  other  pigments  where  they 
will  stand  it  than  will  be  obtained  by  using  as  pure  mate- 
rials as  can  be  obtained  in  the  market.  For  example,  it  is 
well  known  by  those  who  have  spent  any  time  on  this  sub- 
ject and  made  any  experiments,  that  if  any  good  oxide  of 
iron  is  mixed  with  sulphate  of  lime,  carbonate  of  lime, 
barytes,  kaolin,  silica,  talc,  or  pulverized  feldspar,  in  the 
proportions  of  about  \  oxide  of  iron  and  f  of  any  one  of  the 
above  inert  materials  and  a  paint  made  of  this  which  gives 
the  proper  amount  of  pigment  per  square  inch  or  square 
foot  of  surface,  the  surface  will  be  well  covered  with  the 
red,  and  the  same  thing  is  true,  in  a  modified  way,  with  a 
number  of  other  pigments  which  are  strong  in  covering 
power.  To  state  the  problem  again,  we  will  say  that  the 
real  question  seems  to  be,  first,  suppose  one  ounce  of  ox- 
ide of  iron,  in  two  coats,  will  cover  two  square  feet  of  sur- 
face so  that  the  surface  will  be  completely  hidden,  and  any 
painter  would  pronounce  the  job  a  satisfactory  one  so  far 
as  covering  power  goes  ;  second,  suppose  now  a  contigu- 
ous two  square  feet  had  one  ounce  of  the  same  oxide  of 
iron  on  it,  but  in  addition  it  had  three  ounces  of  inert  ma- 
terial, such  as  barytes,  gypsum,  kaolin,  etc.,  or  any  one  of 
them  mixed  with  the  oxide  of  iron,  the  whole  being  spread 
in  two  coats  as  before.  Obviously  the  amount  of  color  per 
unit  of  surface  would  be  the  same  in  both  cases,  but  in  one 
case  there  would  be  four  times  as  much  pigment  as  in  the 
other,  and  in  the  second  case  three- fourths  of  the  pigment 
would  be  inert  material.  We  say  the  question  is,  which  of 
these  two  paints  would  have  the  greatest  durability  ?  We 
have  no  hesitation  in  saying  that  the  second  one  would,  and 
all  our  experiments  confirm  this  view. 

We  are  thus  explicit  in  stating  this  point  because,  as  said 
above,  many  manufacturers  and  many  painters  hold  dia- 
metrically opposite  views.  They  think  pure  materials 
alone  should  be  used,  but  as  we  will  try  to  show  later, 
there  are  very  great  disadvantages  connected  with  the  use 
of  certain  pure  materials,  which  disadvantages  are  modified 
by  the  use  of  inert  material  along  with  the  pure  pigment. 
We  are  quite  well  aware  that  this  opens  the  door  for  adul- 
terations so  called,  but  our  answer  to  this  is  that  when 
people  become  so  informed  on  the  subject  that  their  de- 
mand for  absolute  purity  has  passed  away,  for  the  reason 
that  better  paints  are  obtained  by  using  durable  inert  ma- 
terials as  constituents  than  by  using  perishable  pure 
materials,  then  there  will  be  no  adulteration,  because  the 
manufacturers  will  sell  their  paints  exactly  as  what  they 
are.  They  will  not  claim  to  sell  pure  paints,  but  will  give 
the  formula  if  it  is  cared  for.  Moreover,  as  long  as  a  man 
knows  what  he  is  buying,  and  is  not  charged  the  price  of 
pure  materials  for  mixed  materials,  there  is  no  adulteration. 

This  question  of  inert  materials  is  so  important  in  our 
judgment,  that  we  may  be  pardoned  for  devoting  a  little 
space  to  it,  as  we  are  quite  prepared  to  believe  that  a  very 
large  number  of  people  interested  in  painting  would  hardly 
be  willing  to  accept  our  first  proposition,  namely,  that  great- 
er durability  and  less  cost,  with  no  detriment  to  working 
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properties,  drying  and  covering  qualities,  can  be  obtained 
with,  the  use  of  inert  material  along  with  the  pigment  than 
if  this  pigment  is  used  pure  and  simple.  However,  we  are 
so  well  satisfied  upon  this  point  that  we  are  ready  to  dis- 
cuss one  or  two  questions  connected  further  with  inert 
materials,  namely,  first,  What  inert  material  shall  be  used 
and,  second,  how  much  of  it  shall  be  used  ?  At  present 
there  are  available  in  the  market  seven  or  eight  different 
kinds  of  inert  materials,  as  follows  :  Whiting,  ground 
gypsum  (also  known  as  American  terra  alba),  barytes, 
kaolin  (or  pipeclay),  ground  silica,  ground  talc,  ground 
feldspar,  and  possibly  asbestos  may  be  added,  although 
according  to  our  experience  much  of  that  which  passes  as 
asbestos  is  nothing  in  the  world  but  ground  talc,  or  some 
related  rock.  We  have  experimented  with  each  of  these 
inert  materials  more  or  less  and  find  them  all  extremely 
deficient  in  optical  covering  pojver ;  indeed,  a  board 
painted  with  any  one  of  these  ground  into  a  paint  looks 
almost  the  same  as  though  it  was  not  painted  at  all  so  far 
as  optical  appearance  or  behavior  is  concerned.  They  are 
all  whites,  as  is  well  known,  except  as  they  may  be  con- 
taminated more  or  less  with  a  little  oxide  of  iron  or  other 
minerals  imparting  a  little  color  or  tint  to  them.  Taking 
them  up  one  after  the  other  we  will  give  a  few  points  in 
regard  to  them.  Asbestos  of  the  fibrous  nature  we  have 
never  seen  in  paint  of  any  kind  and  have  very  little  experi- 
ence with  it.  As  said  above,  most  of  that  which  passes  as 
asbestos  is  ground  talc,  or  soapstone,  or  some  related 
rock,  so  far  as  our  knowledge  goes.  Feldspar  we  have 
never  felt  inclined  to  largely  use  on  account  of  its  ready 
decomposition  when  exposed  to  the  weather.  It  is  recog- 
nized that  many  of  the  clay  beds  of  the  country  now  used 
for  making  fire-brick  are  simply  decomposed  and  broken 
down  feldspars,  and  a  pigment,  or  anything  in  a  pigment 
in  paints,  which  is  not  durable  and  unchangeable  when 
exposed  to  the  weather,  is  certainly  to  be  avoided.  Talc 
we  have  experimented  with  quite  a  little  and  find  that  it 
does  not  grind  well,  and  in  almost  any  proportion  with  any 
pigment  with  which  we  have  mixed  it  it  makes  a  paint 
which  does  not  seem  to  adhere  well.  It  is  in  this  respect 
much  like  kaolin,  which  all  practical  painters  say  grinds 
greasy,  and  while  in  many  senses  both  kaolin  and  talc  are 
valuable  and  may  be  used  in  special  cases,  especially  where 
the  main  pigment  is  inclined  to  be  granular,  we  do  not 
recommend  either  of  these  very  highly.  Ground  silica,  so 
far  as  our  experiments  go,  is  unobjectionable,  except  that  it 
is  very  hard  on  the  mill,  and  difficult  to  get  in  a  nne  state 
of  division,  which  is  one  of  the  great  essentials  of  a  good 
paint.  This  leaves  barytes,  gypsum,  and  whiting.  So  far 
as  barytes  is  concerned,  we  simply  say  that  we  have  no 
objection  to  it  except  its  great  specific  gravity  and  its  cost. 
A  pound  of  barytes  will  go  a  very  little  distance  in  a  paint. 
Obviously  if  paint  is  bought  and  sold  wholly  by  the  pound, 
it  is  very  advantageous  to  the  manufacturer  to  use  as  much 
barytes  as  possible,  but  the  use  of  paints  is  by  volume  and, 
consequently,  it  is  very  disadvantageous  to  the  buyer  to 
have  so  heavy  a  pigment  a  constituent  of  the  paint  which 
he  buys.  There  are  many  valuable  qualities  in  barytes, 
especially  its  great  durability,  but  we  query  whether  the 
paint  manufacturers  themselves  fully  understand  what  they 
are  dealing  with  when  they  use  barytes.  Our  position  is 
that  we  cannot  afford  to  use  it,  and  we  will  make  the  state- 
ment that  no  manufacturer  who  sells  his  paint  by  the 
gallon  can  afford  to  use  it  either.  Of  course,  if  he  sells  his 
paint  by  the  pound  he  can  afford  to  use  it,  but  not  other- 
wise, and  to  the  trade  we  would  say,  if  you  will  give  us 
the  same  number  of  particles  of  barytes  of  the  same  size, 
for  the  same  money,  that  you  will  of  sulphate  of  lime,  or 
whiting,  you  may  use  barytes  in  making  our  paints.  How 
impossible  this  is  may  readily  be  seen  from  knowing  that 
each  particle  of  barytes  weighs  twice  as  much  as  a  particle 
of  the  same  size  of  sulphate  of  lime,  or  American  terra 
alba,  and  costs  fully  twice  and  possibly  three  times  as 
much.  As  a  suggestion  to  those  who  are  selling  ready 
mixed  paints,  we  would  say,  calculate  the  cost  of  a  gallon 
on  your  present  formula,  if  you  are  using  barytes  as  inert 
material,  and  then  calculate  the  cost  of  a  gallon,  substitut- 
ing American  terra  alba,  or  gypsum  for  barytes,  and  we 
are  confident  the  use  of  barytes  as  inert  material  in  mixed 
paints,  at  least,  will  entirely  disappear. 


In  our  discussion  of  inert  materials  this  leaves  us  now 
only  two  substances,  namely,  whiting  and  gypsum,  both 
of  which  have  valuable  qualities  and  both  of  which  have 
difficulties  connected  with  them.  jWe  have  thus  far  always 
favored  the  use  of  gypsum  instead  of  whiting,  although 
we  are  quite  well  aware  that  a  number  of  manufacturers 
prefer  the  whiting  to  the  gypsum.  We  do  not  feel  quite 
satisfied  to  say  anything  very  positive  in  regard  to  whiting 
as  yet,  for  our  fear  has  always  been  of  chemical  reaction 
between  the  oil  and  the  whiting,  resulting  in  the  formation 
of  a  lime  soap,  which  is  not  at  all  durable.  On  the  other 
hand,  putty,  which  is  a  mixture  of  whiting  and  oil,  is  an 
extremely  durable  substance.  We  have  experiments  in 
progress,  but  not  yet  ready  to  gather  conclusions  from,  as 
to  the  relative  durability  of  sulphate  of  lime  or  gypsum 
and  whiting  as  constituents  of  paints.  Within  a  year  or 
two  we  will  probably  have  positive  information  as  the  re- 
sult of  experiment,  but  at  present  the  best  we  can  say  is 
that  we  are  afraid  to  have  whiting  a  large  constituent  of  any 
paint.  This  brings  us  down  to  sulphate  of  lime  and,  all 
things  considered,  we  know  of  no  material  which  has  so 
many  good  qualities  and  so  few  difficulties  connected  with 
it  as  sulphate  of  lime.  The  only  objection  to  sulphate  of 
lime  is  the  fact  that  it  is  a  hydrated  material,  that  it  has  as 
a  part  of  its  chemical  composition  two  molecules  of  water. 
During  grinding  the  heat  caused  by  friction  is  sufficient  to 
drive  off  a  portion  of  this  chemically  combined  water,  and 
if  perchance  this  water  is  taken  up  again  before  the  paint 
is  spread  there  is  a  tendency  on  the  part  of  the  paint  to 
become  a  liver,  a  phenomenon  which  is  familiar  to  all  old 
painters.  We  hope  ultimately  to  discuss  the  livering  of 
paint  somewhat  at  length,  and  will  only  say  here  that,  with 
the  single  prerequisite  that  a  little  water  should  always 
be  added  to  the  paint  during  grinding,  where  sulphate  of 
lime  is  an  important  constituent  of  the  paint,  we  know  of 
no  difficulties  which  will  arise  from  the  use  of  sulphate  of 
lime  as  an  inert  material  in  paints.  Much  could  be  said 
in  its  favor,  especially  its  great  durability,  its  chemical  in- 
activity, and  its  very  light  specific  gravity,  and  its  low  cost. 

This  brings  us  to  the  question  of  how  much  inert  material 
shall  be  used.  Of  course  this  question  is  an  extremely  difli- 
cult  one  to  decide.  In  one  case  which  we  have  already 
mentioned  we  are  quite  ready  to  allow  as  much  as  three 
parts  of  inert  material  to  one  part  of  the  characteristic  col- 
oring matter.  It  is  obvious,  however,  that  this  rule  would 
not  be  universal,  and  it  is  likewise  obvious  that  each  pig- 
ment has  its  own  characteristic  amount  of  inert  material 
that  it  can  bear.  We  have  obtained  excellent  results  in 
covering  with  lamp-black  one  part  and  sulphate  of  lime 
nine  parts  by  weight.  On  the  other  hand,  with  some  of 
the  pigments  one  part  of  inert  material  and  one  part  of  the 
characteristic  pigment  do  not  give  satisfactory  results,  and 
some  pigments  will  not  bear  any. 

The  law  as  we  understand  it  is  this  :  You  may  use  as 
much  inert  material  as  will  leave  you  good  optical  covering 
power  when  the  paint  is  properly  mixed  and  applied.  In 
our  experience  whit«  lead  alone  will  not  bear  to  be  mixed 
with  inert  material  in  equal  parts.  This  also  is  the  case 
with  white  zinc.  Unfortunately  we  have  not  experimented 
with  all  pigments  and  cannot  give  proportions  for  all  pig- 
ments, but  there  are  other  points  which  must  be  kept  in 
mind.  First,  the  amount  of  inert  material  which  can  be 
used  depends  on  the  fineness  of  the  grinding.  The  finer 
paints  are  ground  the  more  inert  material  can  be  used  with 
out  seriously  interfering  with  the  covering  power,  and  those 
pigments  which  in  their  nature  are  extremely  fine  will  bear 
more  inert  material  than  those  which  are  not  fine.  Sec 
ond,  the  amount  of  inert  material  which  can  be  used  de 
pends,  all  other  things  being  equal,  on  how  the  paint  is 
mixed.  If  the  paint  is  so  mixed  that  the  coat  is  very  thin 
less  inert  material  can  be  used  than  if  the  paint  is  so  mixed 
that  the  coat  is  thicker.  When  we  come  to  discuss  the 
relative  proportions  of  pigment  and  liquid  we  will  give  our 
experience  and  practice  on  this  point.  The  third  point  is, 
no  inert  material  must  be  used  which  has  a  possible  chem- 
ical reaction  between  itself  and  the  main  pigment.  Upon 
this  point  the  information  is  not  as  definite  as  could  be  dc 
sired.  We  have  experimented  with  mixtures  of  sulphate 
of  lime  and  white  lead,  but  are  not  absolutely  positive  that 
any  chemical  reaction  takes  place.     We  have  also  experi- 
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mented  with  white  zinc  and  sulphate  of  lime,  but  are  un- 
ble  to  prove  that  chemical  reaction  does  take  place.  It  is 
^p\\  known  that  chrome  yellow,  and  mixtures  of  chrome 
ygllovv  and  Prussian  blue  giving  a  green,  fade  readily.  We 
have  never  fully  satisfied  ourselves  as  to  whether  this  fad- 
ing is  due  to  reaction  between  the  inert  material  and  the 
other  pigments,  or  between  the  pigments  themselves,  or 
between  the  oil  and  the  pigments,  but  it  is  obvious  that  if 
it  is  possible  for  any  chemical  change  to  take  place  between 
the  inert  material  and  the  other  pigments  that  inert  ma- 
terial should  not  be  used  with  those  pigments. 

We  have  taken  so  much  space  in  discussing  the  inert 
material  that  we  have  left  ourselves  only  small  room  for 
answering  the  question,  "  What  pigment  shall  be  used  ?" 
We  have  already,  however,  fairly  well,  we  think,  covered 
the  ground  where  a  pigment  of  the  desired  shade  can  be 
obtained.  We  will,  therefore,  only  say  here  that  in  these 
cases  the  rule  is  that  where  the  piement  which  gives  the 
desired  shade  can  be  obtained,  be  it  oxide  of  iron,  ochre, 
umber,  Sienna,  or  what-not,  use  these  pigments  and  add 
to  them  as  much  inert  material  of  the  proper  kind  as  they 
will  bear,  due  regard  being  given  to  the  optical  covering 
power.  The  question  of  tints  for  which  there  is  no  char- 
acteristic pigment  remains  still  to  be  discussed. 

Upon  this  point  we  will  say  that  the  basis  of  all  tints 
must  be  some  pigment  which  has  good  covering  power, 
and  in  delicate  tints  must  necessarily  be  a  white,  since  in  all 
the  pigments  which  have  good  covering  power  the  strong 
characteristic  colors  cannot  be^sed  as  the  foundation 
of  any  tints  except  those  in  whichtheir  own  color  predom- 
inates. A  good  white,  therefore,  is  essential  as  the  basis 
for  tints.  Unfortunately  only  two  fairly  good  whites,  and 
neither  of  them  satisfactory,  are  known  to  exist.  These 
are  white  lead  and  zinc  white.  Both  of  them  are  inferior 
in  covering  power,  both  of  them  very  greatly  lack  in  dura- 
bility, and  both  of  them  are  moderately  expensive.  The 
lack  of  durability  .of  these  two  pigments  manifests  itself  ap- 
parently in  diametrically  opposite  ways.  White  lead 
crumbles  and  powders  away  apparently  as  the  result  of 
chemical  action  between  the  pigment  and  the  oil,  and  is 
readily  decomposed  and  blackened  by  sulphur  gases  in  the 
air.  Zinc  white  likewise  apparently  combines  chemically 
with  the  oil,  but  instead  of  powdering  peels  off  in  flakes, 
andrhe  action  of  sulphur  gases  if  it  takes  place  at  all  does 
notsi^sult  in  blackening,  obviously  because  the  sulphide  of 
zinc  is  white.  It  is  a  very  great  misfortune  that  there  is 
no  white  known  which  has  greater  covering  power  and 
greater  durability  than  either  zinc  white  or  white  lead,  and 
although  neither  of  them  is  satisfactory,  there  seems  to  be 
no  alternative  at  present  except  to  use  them  as  best  we 
can.  Our  experience  in  absolute  durability  of  these  pig- 
ments is  not  as  great  as  we  could  wish,  although  we  have 
experiments  in  progress.  We  are  therefore  not  able  to 
give  as  positive  information  as  we  could  wish  on  the  sub- 
ject. We  are  inclined  to  mix  the  two  pigments  rather  than 
to  use  either  one  alone,  especially  for  outdoor  work.  The 
proper  mixture  of  white  lead  and  zinc  white  being  decided 
on — and  in  our  experiments  we  have  used  equal  volumes 
of  the  two— to  secure  the  tint  that  is  desired,  use  such 
|inting  materials  as  may  be  necessary.  If  a  reddish  yellow 
is  desired  a  little  ochre  and  a  little  oxide  of  iron  will  give 
the  desired  color.  The  brown  tint  is  readily  obtained  by 
mixing  red  and  black.  The  proportions  and  kinds  of  pig- 
inents  to  be  used  to  secure  the  various  colors  are  a  part  of 
the  art  of  the  manufacture,  and  do  not  enter  into  the  dis- 
cussion here  further  than  to  say  that  no  materials  should 
he  used  between  which  there  is  a  possible  chepiical  reac- 
tion in  water  solution — that  is  to  say,  it  you  put  two  pig- 
inents  together  in  water  and  they  mutually  decompose 
each  other  these  pigments  should  never  be  used  in  the  same 
paint.  ^ 

The  various  tinting  materials  to  be  used  have  different 
covering  power.  For  example,  if  a  fairly  strong  percent- 
age of  chrome  yellow  is  used  in  securing  the  tint  the  cov- 
ering power  will  be  greatly  improved  ;  so  also  if  any  con- 
siderable amount  of  lamp-black  or  iron  oxide  is  used 
'he  covering  power  will  be  greatly  improved.  In  these 
cases  it  is  always  possible  to  use  more  or  less  inert  ma- 
^fial  with,  as  we  believe,  increased  durability  and  di- 
minished cost  in  the  paint.    The  law  for  tint,  therefore, 


would  seem  to  be  as  follows  ^  Use  a  mixture  of  white  lead 
and  zinc  white,  possibly  in  equal  quantities,  as  a  basis. 
Add  to  this  the  necessary  materials  to  produce  the  tint 
desired,  and  then  add  all  that  the  material  will  bear  of  in- 
ert material — preferably,  so  far  as  our  experience  has 
gone,  sulphate  of  lime. 

The  discussion  in  the  foregoing  article  may  perhaps  be 
summed  up  as  follows  :  In  answer  to  the  question.  "  What 
pigment  shall  be  used  ?"  we  say,  first,  if  there  is  any  pig- 
ment not  too  expensive  of  the  desired  color  use  this  pig- 
ment, and  add  to  it  as  much  inert  material  as  it  will  bear 
without  interfering  seriously  with  the  covering  power  ;  sec- 
ond, if  there  is  no  pigment  of  the  desired  color  use'a  mix- 
ture of  white  lead  and  zinc  white  half  and  half  by  volume 
as  the  basis,  add  to  this  the  necessary  tinting  materials, 
and  then  add  as  much  inert  material  as  the  mixture  will 
bear  without  interfering  with  the  optical  covering  power  ; 
third,  do  not  mix  pigments  which  have  any  possible  chem- 
ical reactions  between  themselves  in  water  solution,  and 
do  not  add  to  any  pigment  any  inert  material  between 
which  and  the  pigment  there  is  any  possible  chemical  re- 
action in  water  solution. 

In  the  next  article  we  will  discuss  what  liquid  shall  be 
used  and  also  the  proportions  of  pigment  and  liquid. 

(to  be  continued.) 


Experiments  on  Train  Resistance. 

(M.  Desdouits  in  Proceedings  of  the  Institution  of  Civil  Engineers.) 

For  several  years  many  experiments  have  been  made  on  the 
State  Railroads  of  France  to  determine  the  motive  power  and 
resistance  of  trains,  in  order  to  settle  the  conditions  on  which 
the  greatest  economy  of  motive  power  may  be  effected.  The 
trials  were  made  with  trains  in  service  under  ordinary  condi- 
tions. The  power  developed  in  the  locomotive  was  measured 
by  means  of  the  indicator  for  various  speeds  and  various  periods 
of  admission.  In  one  instance — of  a  passenger  locomotive, 
having  17.3  in.  cylinders,  26  in.  stroke,  with  Allan's  link  motion 
— it  was  shown  that,  for  all  degrees  of  admission,  the  moving 
power  increased  as  the  speed  increased,  starting  from  low 
speeds,  until  the  maximum  power  was  developed  at  a  speed  of 
about  2if  miles — 35  kiloms. — per  hour.  For  higher  speeds,  and 
for  all  degrees  of  admission,  the  power  decreases  very  sensibly 
as  the  speed  is  increased.  The  maximum  effective  force  at- 
tained with  70  per  cent,  of  admission  at  a  speed  of  21}  miles 
per  hour  is  11,000  lbs. — 5,000  kilogs.  — for  which  the  "  theoret- 
ical" effort  is  12,480  lbs.— 5660  kilogs.  The  difference  is  only 
12  per  Cent.,  of  which,  allowing  3  per  cent,  for  the  loss  of  abso- 
lute effort  due  to  wire-drawing  and  compression,  there  is  a  max- 
imum of  9  per  cent,  absorbed  by  passive  resistances.  In  en- 
gines having  piston  valves  with  Walschaerts*  gear  the  passive 
resistances  do  not  exceed  7  per  cent.  From  the  results  of  ob- 
servation, taken  together,  it  is  established  that  the  consumption 
of  steam,  including  moisture,  is  less  than  24.2  lbs. — 11  litres — 
per  effective  horse-power  in  a  passenger  locomotive  in  good 
condition  ;  with  steam  of  9  atmospheres,  cutting  off  at  20  per 
cent,  at  moderate  speed— 31  miles  an  hour.  The  consumption 
of  fuel  of  good  quality  is  about  2.68  lbs.  per  horse-power.  The 
author  argues  that  the  economy  effected  by  the  compounding  of 
locomotives  can  hardlv  exceed  10  per  cent. 

From  various  data  it  is  deduced  that  the  effective  work  done 
per  unit  of  steam,  for  all  speeds,  attains  its  maximum  value 
when  the  steam  is  cut  off  at  about  20  per  cent  of  the  stroke. 
At  low  speeds  an  admission  approaching  30  per  cent,  may  be 
practised,  or  it  may  be  a  little  less  than  20  per  cent. ;  but.  for 
considerable  speeds,  an  admission  of  from  20  to  25  per  cent,  is 
to  be  adhered  to  in  order  to  attain  maximum  economy.  A  pas- 
senger engine  attains  maximum  economy,  traveling  at  a  speed 
of  from  25  to  30  miles  per  hour,  cutting  off  at  20  per  cent.  At 
a  speed  of  37  miles  per  hour  there  is  a  loss  of  10  per  cent,  of 
efficiency  ;  at  43  miles  per  hour  the  loss  exceeds  25  per  cent. 
These  results  point  to  a  want  of  harmony  between  the  best 
speed  for  economy  and  the  usual  working  speeds,  and  they  sug- 
gest that  an  augmentation  of  the  diameter  of  the  wheels  is  desir- 
able. But  this  expedient  does  not  afford  much  scope,  and  it  is 
more  likely  that  the  removal  of  inside  lap,  or  the  provision  of 
inside  clearance,  would  reduce,  if  not  altogether  prevent,  the 
diminution  of  efficiency  at  the  higher  speeds.  The  total  resist- 
ance of  engines  with  their  tenders,  at  low  speeds  of  from  i\  to  5 
miles  an  hour,  varied  from  6  94  lbs.  to  10  64  lbs.  per  ton,  using 
colza  oil  for  lubricant  ;  and  from  5.82  lbs.  to  9.63  lbs.,  using 
naphtha  oil  ;  having  four-coupled,  six-coupled,  and  eight-coupled 
wheels.    The  engine  and  tender  weighed  together  50  tons,  ex* 
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cept  in  one  instance  70  tons.  The  resistance  of  the  mechanism 
alone  varied  from  1.87  lbs.  to  3  lbs.  per  ton.  Tenders  alone 
have  a  resistance  of  from  5+  lbs.  to  6.2  lbs  per  ton  ;  the  resist. 
ance  of  the  engine  alone  is  from  7  lbs.  to  8.8  lbs.  per  ton. 

The  author  directs  attention  to  "an  extremely  important  ele. 
ment  of  resistance"— the  reaction  of  the  surrounding  atinos- 
phere— the  greater  portion  of  which  applies  directly  to  the  loco. 
motive,  the  resistance  of  which,  with  high-speed  trains,  amounts 
frequently  to  more  than  half  the  total  resistance.  Two  eng  nes 
of  which  the  resistance  was  measured  separately  and  four.d  to 
be  ig.8  lbs.  per  ton  at  37  miles  per  hour,  were  coupled  toeeiher 
and  again  tried.  The  resistance  fell  to  14.3  lbs.  per  ton  ;  the 
second  engine  was  masked  by  the  first.  It  is  argued  that  by  a 
suitable  adaptation  to  the  front  of  the  engine  a  saving  of  from 
8  to  10  per  cent,  of  the  effective  power  could  be  made.  The 
resistance  of  carriages  and  wagons,  weighing,  empty,  10  ions 
and  7i  tons  respectively,  was  found  to  be  3^  lbs.  per  ton  at  low 
speeds.  Further  deductions  are  made  from  numerous  experi- 
ments. 

^ 

AN  ARGENTINE  COMPOUND  LOCOMOTIVE. 


The  accompanying  illustration,  which  is  taken  from  the  Lon- 
don /Railway  Engineer,  represents  one  of  11  compound  en- 
gines of  the  Worsdell-Von  Borries  system  for  the  Argentine 
Government  Railroads.  The  engines  are  for  a  railroad  of  one 
meter  gauge,  having  minimum  radii'  of  curvature  of  984  ft.,  and 
are  built  to  burn  wood.  They  are,  as  will  be  seen  from  the 
engraving,  of  the  eight-wheel  or  American  type,  having  a  foui- 
wheel  truck  forward  and  four  driving-wheels. 

The  boiler,  which  is  built  to  carry  a  working  pressure  of  175 
lbs.,  is  46  in.  in  diameter  of  barrel  and  has  135  brass  tubes  2  in. 
outside  diameter  and  10  ft.  6  in.  in  length.  It  has  an  extended 
smoke  box  of  a  somewhat  clumsy  looking  pattern  and  of  unu 
sual  length,  4  ft.  gin.  outside. J  The  fire-box,  which  is  of  copper, 
is  78  in.  in  length  and  26  i  in.  wide  inside. 

The  high-pressure  cylinder  is  15  in.  in  diameter  and  the  low- 
pressure  cylinder  2i|  in  ,  the  ratio  therefore  being  I  :  2.06. 
The  stroke  is  22  in.  The  low-pressure  cylinder  has  steum- 
ports  it)\  X  i^  in.  and  exhaust-ports  it\  x  2,^  in.,  the  slide- 
valve  having  i  in.  outside  lap.  The  high-pressure  cylinder  has 
steam-ports  ii|  x  1,^6  in.  and  exhaust-port  iij  x  2^  in.,  the 
slide-valve  having  also  i  in.  outside  lap. 

The  driving-wheels  are  54  in.  in  diameter  and  the  truck-wheels 
30  in.  The  center  of  the  boiler  is  5  ft.  9  in.  above  the  rails. 
The  frames  are  of  the  plate  type,  and  are  of  |-in.  steel.  The 
driving  axle  journals  are  6  x  8  in.  and  the  truck  axle  journals 
4I  X  9  in.  The  total  weight  iof  these  engines  is  58,400  lbs. 
empty,  of  which  48. 500  lbs.  arq carried  on  the  drivers  and  9,900 
lbs.  upon  the  truck.  The  weight  in  working  order  is  about 
70.000  lbs. 

The  tender  is  carried  upon  six  wheels  provided  with  radial 
axle  boxes.  Its  weight,  light,  is  about  19,000  lbs.  The  tender 
wheels  are  33  in.  in  diameter.  The  capacity  of  the  tank  is 
about  2,100  gals,  of  water. 

These  engines  were  built  by  Sharpe,  Stewart  &  Company  in 
Glasgow,  Scotland,  and  in  addition  to  the  11  passenger  engines 
the  same  company  is  building  27  freight  engines,  which  are  also 
eight-wheel  compound  engines,  but  are  somewhat  heavier  than 
those  intended  for  passenger  service. 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING 


By  M.  N.  Forney. 


(Copyright,  1890,  by  M.  N.  Forney.) 


{Continued  from  page  134.) 


CHAPTER   X. 
SHADE   AND    SECTION   LINES. 

When  light  falls  on  one  side  of  an  object,  as  every  one 
knows,  the  side  nearest  to  the  light  is  illuminated  and  'hat 
farthest  from  it  is  in  shadow.  To  indicate  this  effect  in  outline 
drawings,  it  is  customary  to  make  the  lines  on  the  shaded  side 
of  objects  heavier  than  those  on  the  illuminated  sides,  which 
suggests,  although  it  does  not  correctly  represent,  the  effect  of 
light  as  we  see  it  in  nature. 

In  drawing  such  shade  lines,  as  they  are  called,  the  light,  for 
the  sake  of  explicitness,  is  always  supposed  to  fall  upon  the 
object  in  parallel  lines,  as  explained  in  Chapter  IV,  and  to 
produce  the  maximum  effect  on  the  shaded  vertical  and  hori- 
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zontal  lines  and  surfaces  of  the  objects  represented,  the  light  is 

upposed  to  fail  obliquely  from  the  upper  left-hand  corner  of 

the  sheet   of  paper  toward  the  lower  right-hand  corner  at  an 

angle  of  45'  to  the  vertical  and  horizontal  lines  of  the  drawing. 

Fig.  226.  Fig.  227. 
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Fig.  228. 


Fig.  229. 


Fig-  235. 


exposed  to  the  light,  and  b  d  and  d  c  are  shaded.  Conse- 
quently the  first  two  ar^  represented  by  light  lines  and  the 
latter  by  dark  or  heavy  lines.  The  sides  in  the  end  elevation, 
fig.  227,  and  the  plan,  fig.  228,  are  similarly  drawn. 

Fig.  229  represents  a  side  view  of  a  cylindrical-shaped 
object,  and  fig.  230  an  end  elevation  of  it.  In  the  latter 
view  the  light  is  again  supposed  to  fall  in  the  direction  of 
45'  to  vertical  and  horizontal  lines,  as  indicated  by  the 
dotted  dart.  At  a,  in  the  end  view,  the  surface  of  the 
cylinder  is  at  right  angles  to  the  dart,  and  therefore  this  is 
the  point  of  greatest  illumination,  or  the  hii^hest  light,  as  it 
is  called.  At  b  the  surface  is  again  at  right  angles  to  the 
direction  in  which  the  light  falls,  but  it  is  opposite  to  the 
light,  and  for  this  reason  is  in  the  darkest  shade.  As  the 
angle  which  the  surface  of  the  cylinder  bears  to  the  direction 
in  which  the  light  falls  increases  from  <7  to  ^  on  both  sides, 
the  outline  in  this  view  should  be  lightest  at  n  and  darkest 
at  b,  and  should  gradually  increase  in  darkness  from  a  to 
^  on  both  sides  of  the  cylinder. 

To  draw  the  outline  of  the  end  view,  a  very  light  circle 
should  first  be  drawn,  being  careful  in  doing  this  to  make 
as  small  a  prick  mark  for  a  center  with  the  compasses  as 
possible.  If  the  circle  is  of  considerable  size,  say  an  inch 
or  more  in  diameter,  it  is  best  to  take  another  center 
slightly  nearer  to  b  than  the  original  center  was.  Then 
draw  part  of  another  fine  circle  on  the  shaded  side  from 
the  new  center.  This  second  circle  will  be  slightly  eccen- 
tric to  the  first  one.  The  space  between  the  two  circles 
may  then  be  filled  with  ink  by  gradually  increasing  the 
distance  between  the  points  or  nibs  of  the  compass  pen. 
Some  skill  is  required  to  do  this  neatly,  and  the  student 
will  probably  fail  in  doing  it  at  first :  but  a  little  practise 
will  teach  him  the  required  "  knack." 

If  the  circle  is  smaller  than  an  inch  in  diameter,  its  cir- 
cumference may  be  drawn  heavier  on  one  side  than  the 
other  by  pressing  gently  with  a  finger  of  the  left  hand 
against  the  point  of  the  compasses,  thus  pushing  it  slightly 
in  the  center  prick  mark  toward  the  shaded  side  of  the 
object.  Some  skill  is  also  required  to  do  this  neatly,  but 
it  is  easily  acquired  with  a  little  practise. 

In  fig.  229  the  lines  e  f  &nd  g  h  represent  the  surfaces  of 
the  cylinder  shown  at  c  and  ^in  fig.  230.  It  will  be  no- 
ticed that  the  outline  at  c  is  only  slightly  heavier  than  it  is 
at  the  most  highly  illuminated  point  at  a.  Consequently  e  f 
should  be  drawn  only  a  very  little  heavier  than  a  line  which 


Fig.  236. 


Fig-  237. 


Fig.  231. 


Fig.  232. 


Fig-  238. 


i.  r 


\  I 


Fig.  239. 


rul  JP*""'**  ™^y  therefore  be  shaded  according  to  one  uniform 
^.  ^-     Thus,  in  figs.  226.  227  and  228.  which  are  side  and  end 

•evvs  and  a  plan  respectively  of  an  ordinary  brick,  the  light  is 
..  ^P°^^d  to  fall  in  the  direction  of  the  dotted  darts.     It  is  plain 

*'  when  this  occurs,  that  the  sides  a  b  and  a  c,  in  fig.  226.  are 


Fig.  233- 


Fig.  234. 


would  represent  the  most  highly  illuminated  part  of  the  cylin- 
der. At  d  the  outline  is  very  nearly,  but  not  quite,  as  heavy  as 
at  b,  where  the  surface  of  the  cylinder  is  in  the  deepest  shade. 
Therefore  the  line  ^  A  should  be  drawn  as  heavy  as  the  circum- 
ference of  the  circle  is  represented  at  d,  in  fig.  230. 
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It  must  be  admitted,  however,  that  this  proportioning  of  lines 
is  a  refinement  that  is  seldom  observed  in  practicctl  work.  In 
some  books  on  mechanical  drawing,  it  is  held  that  lines,  like 
^y  and  ^  h,  which  represent  surfaces,  as  c  and  g  seen  edgewise — 
and  not  inlerstctions  of  surfaces,  as  the  outlines  of  the  brick  in 
fi?s.  226-228  do — should  never  be  represented  by  heavy  lines. 
The  reasoning  in  support  of  this  opinion  does  not  seem  to  have 
enough  force  to  sustain  the  practise. 

Figs.  231  and  232  represent  an  ordinary  hexagonal  blank  nut 
— that  is,  a  nut  without  the  thread  cut  in  it.  From  the  plan, 
fig.  232,  it  will  be  seen  that  the  side  of  the  hole  at  a  is  in  the 
deepest  shade,  and  at  b  it  is  in  the  highest  light.      The  circle 

SYMBOLICAL  SHADING  AND  COLORS. 

For  Cross  Sections  of  Different  Materials, 
-^     B 
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Indigo. 
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Burnt  Umber. 
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BRICK  ' 
Venetian  Red. 

Fig.  240. 


representing  the  hole  should  therefore  be  heaviest  at  a  and 
lightest  at  b,  and  it  should  be  drawn  in  the  same  way  as  the  one 
shown  in  fig.  230. 

It  will  also  be  seen  that  the  side  c  d,  in  fig.  232,  is  exposed  to 
the  strongest  light,  d  e 'm  illuminated  less,  and  c  h  still  less,  and 
h  g,  g  f 'And  ^/are  in  shadow.  The  width  of  the  lines  repre- 
senting these  sides  should  be  proportioned  to  their  illumina- 
tion. The  same  rule  applies  to  the  vertical  lines  representing 
the  intersection  of  the  sides  in  fig.  231.  Every  shade  line 
should  be  of  a  thickness  regulated  by  its  being  more  or  less 
from  the  light  side,  as  shown  in  figs.  229-232  and  in  figs.  233 
and  234. 


As*  explained  in  Chapter  V,  in  representing  any  objects, 
such  as  shafting,  which  are  too  long  to  admit  of  being  shown 
full  length  to  the  scale  on  which  the  drawing  is  made,  the  or. 
dinary  way  is  to  show  it  as  if  broken  off.  The  break  can 
be  made  in  the  middle  of  the  length,  as  shown  at  A,  fig.  235, 
or  at  any  other  convenient  place,  depending  on  its  surroundings. 
If  it  is  a  round  shaft,  it  is  betler  to  show  the  section  of  an 
elliptical  form,  to  indicate  the  shape  of  the  shaft,  and  more 
especially  so  if  the  drawing  is  only  in  outline.  Similarly  the 
form  of  a  pipe,  square  bar,  or  other  object,  may  be  indicated  at 
the  point  where  the  break  is  represented,  as  at  -5  C  and  D,  figs. 
236  and  237.  While  this  gives  a  more  elegant  appearance  to  a 
drawing,  it  is  often  disregarded  in  practical 
work  to  save  time. 

When  two  or  more  pieces  in  contact  are 
shown,  as  in  fig.  238,  the  break  at  the  ends 
should  be  such  as  to  show  each  piece  dis- 
tinct from  the  one  adjoining  it  ;  and  in 
showing  a  portion  of  iron  plates,  as  in  figs. 
157  to  160.  where  two  or  three  are  joined  to. 
gelher,  the  distinction  of  each  plate  at  the 
ends  should  be  clear.  When  the  full  length 
of  any  object  is  not  to  be  shown,  it  is  better 
to  represent  it  broken  off  than  squared  off, 
as  the  latter  course  will  indicate  the  termina- 
tion of  its  length. 

When  two  pieces  are  shown  in  section 
and  in  contact  with  each  other,  as  F  G  and 
//  in  fig.  239,  the  section  lines  should  be 
inclined  in  reverse  direction  to  each  other. 
If  three  pieces,  as  F  G  /,  are  in  contact  in 
such  a  way  that  one  of  them,  /,  touches  the 
other  two,  its  section  lines  should  be  drawn 
at  a  different  angle  to  those  of  the  other  two 
pieces.  In  fig.  239  the  lines  ot  F  G  and  H 
are  drawn  at  angles  of  60'  to  a  vertical  line, 
whereas  the  lines  in  /andy  are  represented 
at  angles  of  30°  to  a  perpendicular.  This, 
it  will  be  seen,  makes  a  little  distinction  be- 
tween the  surfaces  of  /^and  /and  of  <7  and 
y,  which  are  inclined  in  the  same  direction, 
but  at  different  angles. 

In  order  to  show  the  materials  of  which 
the  different  parts  of  a  structure  are  made, 
conventional  methods  of  drawing  shade  lines 
and  combinations  of  different  kinds  of  lines 
are  used.  Unfortunately  there  is  no  uni- 
formity and  little  agreement  on  the  kinds 
of  shading,  or  "  hatching,"  as  it  is  called, 
which  is  used  for  this  purpose,  and  no  stand- 
ard has  been  recommended  by  any  authority 
with  sufficient  influence  to  secure  its  general 
adoption.  Fig.  240  shows  symbolical  meth- 
ods of  representing  sections  of  different  ma- 
terials, which  have  been  collated  from  dif- 
ferent authorities  or  devised  by  the  author 
for  this  purpose.  Thus  a  section  if  shaded, 
as  shown  ai  A,  is  intended  to  represent  cast 
iron.  As  this  material  is  represented  in 
section  in  drawings  of  machinery  more  fre- 
quently than  any  other,  the  simplest  method 
of  shading  has  been  selected  to  symbolize  it. 
Wrought  iron  is  indicated  at  B  and  with 
similar  lines,  excepting  that  every  alternate 
line  is  heavier  than  those  which  adjoin  it. 
No  other  explanation  is  needed  to  make  the 
uses  of  the  other  surfaces,  shown  in  fig.  240, 
clear  to  the  reader. 

As  drawings  are  sometimes  colored  to 
show  the  materials  of  which  the  parts  are 
made,  the  names  of  the  colors  to  be  used 
in  representing  the  different  materials  indi- 
cated in  fig.  240  are  also  given.  In  select- 
ing these  simple  colors  and  not  mixtures 
have  been  chosen.  When  combinations  of  tints  are  used 
it  is  difficult  to  get  them  alike  at  different  times.  Further 
directions  with  reference  to  the  method  of  applying  and  using 
colors  will  be  given  in  a  future  chapter.  It  may  be  men- 
tioned, however,  that  they  are  not  employed  in  making  me- 
chanical drawings  as  much  as  they  were  formerly.  The  fact 
that  they  cannot  be  copied  in  the  process  of  blue  printing— 
which  will  be  described  hereafter — and  in  photo-engraving  has 
lessened  their  use  very  much  of  late  years.     It  may  also  be 


EARTH  or  SAND 
Sepia. 
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COURSED  RUBBLE  MASONRY 

Light  India  Ink. 


WOOD 

Raw  Sienna. 


*  Much  of  this  and  the  following  paragraph  is  quoted  from 
maa's  Maotial  of  Engineering  Drawing,"  by  John  Maxtop. 
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mentioned  that  more  importance  has  been  assigned  by  writers 
on  the  use  of  symbolical  methods  of  shading  and  coloring  sec- 
tions than  the  subject  seems  to  deserve.  Usually  there  is  no 
uncertainty    concerning    the    materials    of    which    the   diflferent 

parts  of  a  machine  or  other  structure  represented  in  a  drawing 
are  made.  If  there  is,  it  is  always  best  to  designate  by  writing 
on  the  drawing  the  material  to  be  used. 

(TO   BE  CONTINUED.) 


Foreign  Naval  Notes. 


AN   AUSTRIAN   CRUISER. 

Two  new  protected  cruisers  are  now  under  construction  for 
the  Austrian  Navy  at  Pola.  The  first  of  these,  the  Kaiserin 
Elizabeth,  was  recently  launched  ;  her  principal  dimensions  are  : 
Length,  339  ft.;  breadth,  40  ft.  6  in.;  mean  draft,  18  ft.;  dis- 
placement, 4,060  tons. 

The  main  battery  will  consist  of  two  q-in.  guns  mounted  in 
barbettes,  one  forward  and  one  aft,  and  six  6-in.  guns.  The 
secondary  battery  will  include  two  2i-in.  Uchatius  guns,  eleven 
rapid-fire  guns,  and  six  torpedo-tubes. 


tricity,  not  only  for  lighting,  but  for  running  the  motors  which 
operate  the  turrets,  hoist  the  ammunition  and  assist  in  loading 
the  guns.  The  application  of  the  electric  motor  will  be  more 
extensive  than  in  any  French  ship  yet  built. 

Another  peculiarity  will  be  that  the  steam  power  will  be  fur- 
nished by  tubulous  boilers.  The  ship  will  have  24  d'AIlest 
boilers,  which  will  carry  a  working  pressure  of  210  tons.  This 
boiler  was  described  in  the  Journal  for  November,  1890,  page 
498. 

A    CHILIAN   CRUISER. 

The  armored  cruiser,  Capitan  Prat,  built  for  the  Chilian  Gov- 
ernment by  the  Compagnie  des  Forges  et  Chantiers,  at  La 
Seyne,  France,  was  recently  launched  there.  The  chief  dimen- 
sions of  this  ship  are  :  Length,  328  ft.:  breadth,  60  ft.:  mean 
draft,  25  ft. :  displacement,  6,900  tons.  Her  engines  are  expected 
to  work  up  to  8,000  H.P.,  and  to  give  the  ship  a  speed  of  17 
knots  with  natural  draft,  and  19  knots  with  forced  draft. 

The  armor  protection  consists  of  a  water-line  belt,  a  central 
barbette  covering  the  engines,  and  turret  shields  for  the  large 
guns,  with  shield  protection  for  the  smaller  ones. 

The  armament  includes  four  24-cm.  (9.45-in.)  Canet  guns  in 
turrets  ;   eight   12-cm.  (4.72-10.)  Canet  rapid-fire  guns  ;    four 
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THIRD-CLASS    CRUISER  "  LE  TROUDE,"   FOR  THE  FRENCH   NAVY. 


The  engines  are  to  work  up  to  6,400  H.  P.  with  natural  draft, 
giving  a  speed  of  17*  knots  ;  and  to  9,800  H.  P.,  with  forced 
draft,  giving  a  speed  of  19  knots.  The  capacity  of  the  coal- 
bunkers  is  570  tons,  giving  a  radius  of  action,  at  full  speed  with 
natural  draft,  of  4,500  knots. 

A  NEW  FRENCH  BATTLE  SHIP. 

The  plans  prepared  for  the  new  French  battle-ship  Jauregui- 
btrty  have  been  approved  by  the  Ministry  of  Marine,  and  work 
will  be  begun  at  once  on  the  ship.  The  designs  were  made  by 
Chief  Engineer  Lagane,  and  the  ship  will  be  built  at  La  Seyne. 
The  principal  dimensions  are  :  Length,  108,50  m.  (355.8  ft.)  ; 
breadth,  22.15  m.  (72.65  ft.)  ;  depth,  14.63  m.  (47.98  ft.) ;  draft 
of  water  aft,  8.45  m.  (27.71  ft.)  ;  displacement.  11,818  tons. 
The  engines  are  to  work  up  to  13,275  H.P.  with  natural  draft, 
and  to  give  the  ship  a  speed  of  17  knots  an  hour. 

The  ship  will  have  a  belt  of  water-line  armor  varying  from  275 
to  450  mm.  (10.82  in.  to  17.71  in.)  in  thickness,  and  will  be  fur- 
ther protected  by  an  armored  deck  70  mm.  (2.75  in.)  thick,  and 
by  a  cofferdam  filled  with  celluloid  and  backed  by  a  plate  100 
n>m.  (3.93  in.)  thick.  There  will  be  four  turrets  protected  by 
plates  370  mm.  (14.56  in.)  thick,  placed  in  a  square,  and  each 
carrying  a  large  gun  ;  also  four  smaller  turrets  100  mm.  (3.93 
•n.)  thick  and  each  carrying  two  smaller  guns. 

The  main  battery  will  consist  of  two  30-cm,  (ii.8i-in.),  two 
27-cm.  (10.62-in.),  and  eight  14-cm.  (5.51-in).  guns,  and  the  sec- 
ondary battery  of  four  65  mm.  (2.55-in.)  and  tJvelve  47-mm. 
'l-Ss-in.)  rapid-fire  guns  ;  eight  37-mm.  (1.45-in,)  revolving 
cannon,  and  six  torpedo  tubes. 

A  special  feature  of  this  ship  will  be  the  employment  of  elec- 


57-mm.  (2.24  in.),  and  four  47-mm.  (1.85-in.)  Hotchkiss  guns  ; 
six  37-mm.  (1.46-in.)  revolving  cannon  ;  five  ii-mm.  (0.43-in.) 
Maxim  guns,  and  four  Canet  torpedo  tubes.  The  guns  are  all 
provided  with  electrical  apparatus  for  firing,  and  electric  motors 
are  provided  for  hoisting  the  ammunition  and  working  the  tur- 
rets. The  arrangement  of  the  guns  is  such  that  the  (ire  of  three 
24-cm.  and  four  12-cm.  guns  can  be  concentrated  on  any  point. 

A   FREtJcH    light   CRUISER. 

The  accompanying  illustration,  from  Le  Yacht,  shows  the 
new  cruiser,  Le  Troude,  built  for  the  French  Navy  by  the  Soci6t6 
des  Chantiers  et  Ateliers,  at  Bordeaux.  On  the  trials  this  ship 
made  the  following  record  :  In  two  hours'  steaming  under  forced 
draft,  the  engines  showed  6,247  H.P.,  and  the  ship  a  speed  of 
20. 9  knots  an  hour  :  in  a  12  hours'  trip  at  full  speed,  with  nat- 
ural draft,  3,393  H.P.,  and  an  average  of  17.6  knots  ;  in  a  six 
hours'  trip  at  cruising  speed,  1,591  H.P.,  and  an  average  of 
14.2  knots.  Fig.  i  is  a  side-view  ;  fig.  2  a  front  view  and  fig.  3 
a  deck  plan. 

Le  Troude  is  a  cruiser  of  the  third  class,  312  ft.  long,  31.16  ft. 
extreme  breadth,  14.  i  ft.  mean  draft  and  1,880  tons  displace- 
ment. Her  armament  is  light,  consisting  of  four  14cm.  (5.5-in.) 
guns,  four  47-mm.  (1.85-in.)  rapid-fire  guns,  four  37-mm. 
(1.46-in.)  revolving  cannon  and  four  torpedo-tubes. 

There  are  two  screws,  each  13.4  ft.  in  diameter  and  16.6  fL 
pitch.  Each  screw  is  driven  by  a  compound  engine  having 
cylinders  37  in.  and  74  in.  in  diameter  and  36  in.  stroke.  The 
steam  is  furnished  by  five  cylindrical  boilers,  each  10  ft.  2  in.  in 
diameter  and  19  ft.  long,  and  having  three  fireboxes.  The 
working  pressure  is  100  lbs.  usually. 
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TWO   NEW    ENGLISH    WAR- SHIPS. 

Two  large  ships  for  the  English  Navy  were  launched  at  Ports- 
mouth, February  26.  The  first,  the  Royal  Arthur,  is  a  twin- 
screw  steel  cruiser  360  ft.  long,  60  ft.  wide,  and  7,350  tons  dis- 
placement. She  has  a  protective  or  armor  deck  of  steel  ex- 
tending from  stem  to  stern,  but  no  vertical  armor  protection. 
This  deck  springs  from  the  ship's  sides  at  a  point  3  ft.  to  4  ft. 


The  armament  will  be  as  follows  :  Four  I3i-in.,  67-ton  gjuns 
on  the  summit  of  the  barbette  ;  ten  6-in.  guns  in  broadside  ;  24 
small  rapid-fire  guns,  and  seven  torpedo-tubes. 

The  ship  will  have  a  belt  of  armor  with  steel  face  and  iron 
back  on  the  compound  system.  This  will  have  a  maximum 
thickness  of  18  in.,  and  will  be  8J  ft.  deep,  3  ft.  being  above  and 
5^  ft.  below  the  load  water-line.  The  ends  of  the  port  and 
starboard   sides  of    the   belt  will  be    joined  by    athwart-ship 


ENGLISH   BATTLE-SHIP  "ROYAL  SOVEREIGN. 


below  the  water-line  and  slopes  upward  until  reaching  a  point 
above  the  water-line.  It  is  in  the  middle  part  (in  an  athwatt- 
ship  direction),  practically  flat.  This  form  is  that  adopted  in 
the  midship  part  of  the  vessel  ;  at  the  ends  the  deck  is  practically 
fiat.  The  maximum  thickness  is  5  in.  on  the  slopes  and  2^  in. 
on  the  horizontal  part.  The  coal  bunkers  are  arranged  to  give 
protection  above  and  below  the  water-line. 

The  engines  are  designed  to  give  out  12,000  indicated  H.P. 
with  forced  draft  and  7,500  H.P.  with  natural  draft,  the  re- 
spective calculated  speeds  being  20  dfnd  18  knots  per  hour.  The 
armament  will  consist  of  two  9.2-in.  guns  and  twelve  6-in. 


armored  bulkheads  of  14  in.  thickness.  The  top  edges  of  the 
port  and  starboard  belt  will  be  joined  by  a  flat  horizontal  steel 
deck  3  in.  thick. 

At  this  point  the  ship  may  be  likened  to  a  shallow  box  or  tray 
of  armor  placed  bottom  up,  the  sides  dipping  below  the  water- 
level  and  the  inverted  bottom  consisting  of  the  steel  deck.  Be- 
yond the  ends  of  the  citadel  so  formed  the  vessel  is  not  pro- 
tected by  vertical  armor  at  all,  the  only  protection  being  a  3  in. 
steel  deck  wrought  below  the  water-line.  Above  the  citadel 
already  described,  and  at  the  extreme  ends,  are  placed  the  two 
barbettes.     These  are  pear-shaped  structures  heavily  armored 


Fig.  6. 


Fig-  7. 

AUXILIARY   OR   RESERVE   CRUISER   "  KMPRESS   OF   INDIA." 


guns,  and  a  number  of  small  rapid-fire  guns.     The  coal  endur- 
ance will  be  10  000  knots  at  ten-knot  speed. 

The  Royal  Sovereii^n  is  the  largest  battle-ship  yet  built  ;  the 
general  arrangement  of  guns  and  armor  is  shown  on  the  ac- 
companying diagram,  figs.  4  and  5.  She  carries  her  heavy  arma- 
ment en  barbette,  and  is  propelled  by  twin  screws.  The  length 
is  3S0  ft.,  the  breadth  75  ft.,  and  the  displacement  is  calculated 
at  14.150  tons.  The  engines  are  designed  to  exert  about  9.000 
indicated  H.P.  with  natural  draft,  and  the  corresponding  speed 
will  be  about  16  knots  per  hour.  With  forced  draft  the  horse- 
power is  put  down  at  13.000  indicated,  and  the  corresponding 
speed  is  estimated  at  17*-  knots.  The  estimated  speeds,  it 
should  be  stated,  are  those  with  the  ship  fully  laden.  The 
"  radius  of  action,"  or  "  coal  endurance, "  at  speed  of  10  knots, 
is  to  be  5,000  knots  ;  at  a  speed  of  16  knots,  i,Soo  knots. 


vertically,  but  having  no  armored  top  or  horizontal  component. 
In  each  barbette  is  placed,  side  by  side,  a  pair  of  67-ton  guns, 
two  pointing  forward  and  two  aft,  but  both,  of  course,  having 
an  extensive  arc  of  fire  on  either  broadside.  The  guns  are  car- 
ried in  the  open,  above  the  barbette,  pointing  over  the  top  of 
the  structure. 

The  armoi  protection  of  the  Royal  Sovereign  is  completeii  by 
a  more  lightly-armored  citadel  covering  that  part  of  the  ."^hip 
between  the  two  barbettes — overlapping  them  to  some  extent-— 
and  above  the  3-in.  deck  already  mentioned.  The  armor  line 
is  of  steel  and  5  in.  thick.  It  rises  to  a  height  of  9^  ft.  above 
water,  and  it  covers  145  ft.  of  each  side.  It  is  in  and  upon  this 
structure  that  the  secondary  armament  will  be  placed,  ther^ 
being  two  sponson  ports  on  each  side,  while  the  guns  mounted 
above  are  protected  by  armored  shields. 
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AN  ENGLISH  AUXILIARY    CRUISER. 

fhe  accompanying  illustration  gives  a  longitudinal  section 
nd  deck  plan  of  the  Empress  of  India,  a  new  ship  just  com- 
oleteu  bv  the  Naval  Construction  &  Armament  Company,  at 
Barrow  in-Furness,  England,  for  the  Canadian  Pacific  Com- 
nanv,  and  intended  for  the  line  between  Vancouver  and  Hong 
Koiig-  This  ship,  although  built  for  passenger  and  freight 
(iC'Vice,  is  built  under  conditions  imposed  by  the  English  Ad- 
miralty, fitting  it  for  service  as  a  cruiser  in  case  of  war.  The 
principal  dimensions  of  the  ship  are  :  Length,  485  ft.  over  all  ; 
breadih,  51  ft.;  mean  draft,  24  ft.  6  in.  The  ship  is  built  on 
the  double-bottom  system  and  is  divided  into  numerous  water- 
tight compartments.  It  has  full  accommodation  for  a  large 
nunilur  of  passengers,  and  is  provided  with  an  electric  light 
plant  and  other  improvements.  It  is  propelled  by  twin  screws 
driven  by  triple-expansion  engines,  which  on  the  trial  trip  de- 
veloped a  total  of  9,720  H.P.,  giving  the  ship  a  speed  of  18.5 
knots  an  hour.  With  7,725  H.P.,  a  speed  of  16.67  knots  was 
reached.  In  ordinary  service  the  speed  is  expected  to  be  15 
knots  an  hour,  which  will  enable  the  ship  to  make  a  trip  from 
Vancouver  to  Yokohama  in  I2  days  and  18  hours. 

The  ship  is  provided  with  all  necessary  fittings  and  arrange- 
ments to  carry  a  number  of  4-in.  guns,  and  as  a  cruiser  could 
be  made  into  quite  a  formidable  ship.  Under  the  contract  it  is 
subject  to  be  taken  by  the  Admiralty  at  any  time  at  a  fixed  pay- 
ment. There  are  two  sister  ships — the  Empress  of  China  and 
the  Empress  of  Japan — under  construction  at  Barrow  for  the 
same  line.  The  Company  will  receive  a  postal  contract  from 
the  English  Government,  and  has  also  a  subsidy  from  the 
Canadian  Government  for  the  line. 

In  the  accompanying  illustrations,  the  letters  A  show  the 
position  for  the  4-in.  guns  ;  B  ,  rapid  fire  guns  ;  C,  sailors' 
quarters  ;  Z>,  magazine  ;  E,  freight ;  F,  fire-room  ;  G,  refrig- 
erator room  ;  H,  freight  ;  /,  coal-bunker  ;  K,  first-class  cabin  ; 
Z,  dining-room  ;  M,  baggage-room  ;  N,  saloon  ;  O,  captain's 
cabin  ;  /*,  chart-room  ;  Q.  steering  apparatus  ;  R,  second-class 
cabin  ;  S,  mail-room  ;  7  and  U,  store-rooms  ;  V,  ship  stores  ; 
W,  water-tank  ;  A"  carpenters'  room  ;  Y  sail-room  ;  Z  anchor 
chains.  The  loading  crane  and  capstan  are  shown  at  a  and  b  ; 
the  donkey  engine  at  c  ;  the  condenser  and  tank  ax  d  e  and  the 
auxiliary  boiler  at /".  The  position  of  the  engines  and  boilers 
is  also  given  on  the  diagram. 


Recent  Patents. 


DODGES  MACHINERY  FOR  HANDLING  COAL. 

The  appliances  shown  in  fig.  4  are  the  invention  of  Mr.  J.  M. 
Dodge,  of  Philadelphia.  The  engraving  shows  the  intent  of 
the  invention,  the  operation  of  which  is  described  as  follows  in 
the  specification  : 

".1/  and  M'  are  masonry  supports  for  the  lower  ends  of 
a  pair  of  trusses  inclined  in  opposite  directions  at  or  about 
the  angle  of  repose  of  the  pile  and  connected  at  their  upper  or 


DODGE'S  COAL-HANDLING  MACHINERY. 

meeting  ends,  so  as  to  constitute  the  legs  of  a  sheers  structure, 
and  R  the  rod  or  other  connection  between  the  feet  of  the 
sheers  to  prevent  further  spread.  Suitable  lateral  guys  are  pro- 
vided to  stay  the  sheers  in  an  upright  position. 

The  operation  will  be  largely  understood  from  the  above 
description  and  a  reference  to  the  drawings.  In  the  present 
instance  the  material  is  fed  to  the  horizontal  portion  at  any 
convenient  point  between  W'^''  and  W^,  and  after  it  leaves  the 
level  at  IV'^  it  is  carried  up  by  the  lower  run  of  the  conveyer 
and  discharged  onto  the  pile  at  its  various  stages  of  formation." 
The  number  of  the  patent  is  446,814. 

APPLEVARD'S   safety    device   FOR   STREET-CARS. 

LitUe  description  is  needed  of  the  "  device"  illustrated  by 
the  engraving  herewith,  which  is  the  invention  of  Mr.  A.  E. 
Appleyard,  of  Boston.  As  shown  by  the  illustration,  he  pro- 
vides a  kind  of  receptacle  or  basket  in  front  of  the  car  "  to  re- 
ceive the  body  of  an  individual  or  animal  that  may  be  caught 
on  the  track  by  the  car."  This  receptacle  is  composed  of  a 
strong  frame  hinged  to  the  car-body  at  b,  the  front  end  being 


supported  oh  small  wheels  S,  8,  which  run  qn  the  track.  The 
frame,  as  shown,  is  provided  with  a  strong  netting  made  of 
twine  or  rope,  so  that  it  may  be  said  that  this  invention  is  in- 
tended to  "  rope  in"  trespassers  on  the  track.     A  sort  of  sub- 


APPLEYARD'S   SAFETY   DEVICE   FOR  STREET-CARS. 

sidiary  fender  h  is  also  provided  to  catch  those  who  escape  the 
net.     The  number  of  the  patent  is  443,738. 

dock's   MARINE   PROPELLER. 

Figs.  2  and  3  are  views  of  the  stern  of  a  vessel  with  this  "  im- 
provement" applied  to  it.  In  fig.  3  the  casing  around  the  pro- 
peller is  shown  in  section.  The  inventor  describes  his  improve- 
ment as  follows  : 

"  4  is  a  casing  surrounding  the  propeller,  made  flaring  at  the 
forward  end  5,  and  by  easy  curves  converging  to  a  cylindric 
form  of  the  diameter  of  the  propeller-blades,  which  fit  and  turn 
in  it,  but  without  contact  or  friction. 

"  The  water  is  directed  toward  the  propeller-blades  by  the 
guides  4,  so  that  it  passes  at  its  highest  velocity  through  the 


DOCK'S    MARINE    PROPELLER. 

throat  6  of  the  guide,  where  the  propeller  engages  it,  and  thus 
is  prevented  from  diverging  or  spreading  away  from  the  pro- 
peller 3,  and  is  delivered  with  the  fullest  effect  in  a  solid  stream 
from  the  after  end  7  of  the  guide  4.  and  since  the  inertia  of  the 
fluid  is  most  eflfertively  operative  when  opposed  to  bodies  moving 
at  highest  velocities,  the  support  afforded  by  the  water  as  a  nut 
for  the  screw  3  to  act  upon  being  at  the  place  of  greatest  veloc- 
ity, it  has  the  least  slip  possible,  and  the  propelling  effect  is 
proportionably  improved." 
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Probably  some  readers  will  be  disposed  to  add  an  interroga- 
tion mark  after  the  last  paragraph.  The  inventor  is  Mr.  Her- 
man Dock,  of  Philadelphia.  The  number  of  the  patent  is 
442,614. 

Allen's  sleeping-car. 

Figs.  5,  6,  7.  and  8  represent  plans  of  improvements  for  sleep- 
ing-cars that  have  recently  been  patented  by  Mr.  E.  G.  Allen, 
of  New  Haven,  Conn.  Fig.  5  represents  a  plan  of  a  portion 
of  a  car  showing  the  improved  compartments  D  D  with  suffi- 


ALLEN'S  SLEEPING-CAR. 

cient  space  to  allow  the  occupants  to  dress  in  privacy,  and  pro- 
vided with  a  wash-bowl  and  other  toilet  articles.  This  is  accom- 
plished by  extending  the  paneled  section  c  diagonally  toward 
the  center  of  the  car,  and  connecting  the  ends  to  a  central  sec- 
tion d  which  contains  a  door-frame  and  door.  Between  the 
sections  D  D  are  smaller  ones  E  E  protected   with  curtains  In 

the  usual  way  and  intended  for  the  accommodation  of  single 
persons.     The  aisle,  it  will  be  seen,  has  a  zigzag  form. 

Fig.  Q  shows  another  plan  in  which  all  the  sections  are  pro- 
vided with  room  to  dress  in  and  furnished  with  toilet  appliances. 
Figs.  7  and  8  are  other  plans,  fig.  7  showing  an  arrangement  of 
sections  enclosed  with  partitions  and  doors,  and  fig.  8  one  in 
which  curtains  only  are  used. 

The  numbers  of  the  patents  are  440,295,  445,870,  and  446,315. 


Manufactures. 


General  Notes. 


The  new  works  of  the  Newport  News  Ship  Building  &  Dry- 
Dock  Company  cover  60  acres  of  land,  having  a  water  front  on 
deep  water  of  1,825  ft.  The  buildings  already  erected  cover  5 
acres,  and  include  office,  boiler,  blacksmith  and  machine-shops, 
wood-working  shop,  storage  sheds,  power-house  and  a  number 
of  others.  On  the  water  front  there  are  four  piers  respectively 
60  X  900,  60  X  350,  80  X  350,  and  60  x  550  ft.  in  size,  and  an 
outfitting  basin  900  x  500  ft.  There  are  in  the  yard  8  ship- 
ways,  two  being  420  ft.,  two  450  ft.  and  four  500  ft.  each,  so 
that  8  vessels  of  ttie  largest  size  can  be  under  construction  at 
once.     The  dry  dock  is  of  timber  of  the  Simpson  pattern,  simi- 


lar'to  that  at  the  Norfolk  Navy-Yard,  its  dimensions  leing 
Length,  600  ft.;  width  on  top,  130  ft.;  width  on  bottom,  50  ft.. 
width  at  entrance,  93  ft.;  draft  of  water  over  gate  sill,  25  it.  j{ 
marine  railroad  capable  of  hauling  out  a  ship  of  2,000  tons  is 
under  construction.  The  shops  are  fitted  with  machinery  of  i[,j 
latest  pattern,  and  are  supplied  with  hydraulic  traveling  cranes 
of  40  tons  capacity,  so  that  the  largest  work  can  be  handled 
without  difficulty.  There  is  one  derrick,  with  a  lifting  capacity 
of  130  tons,  besides  many  smaller  derricks  distributed  through 
the  shops. 

;^The  Schenectady  Locomotive  Works  are  building  a  Forney 
locomotive  with  17  x  24  in.  cylinders  for  the  Erie  &  Wyo. 
ming  Valley  Railroad ;  it  will  burn  anthracite  coal. 

The  iron  filling  and  finishing  paint  made  by  Felton,  Rau  & 
Sibley,  Philadelphia,  has  been  approved  and  adopted  by  a 
number  of  leading  manufacturers,  and  its  use  is  rapidly  increas- 
ing. 

On  February  23  last,  as  a  train  on  the  Baltimore  &  Ohio 
Southwestern  was  side-tracked  to  let  another  pass,  at  Reming- 
ton, O.,  the  second  train  came  around  the  curve,  before  the 
other  train  had  got  clear  of  the  main  track,  at  such  speed  that 
it  was  impossible  to  stop  it,  and  scraped  the  side  of  the  third 
car  of  the  side-tracking  train  for  about  12  ft.,  catching  the  fourth 
car  under  the  corner,  turned  it  over  on  its  side  into  the  ditch, 
injured  several  passengers  and  the  conductor.  This  car  was 
equipped  with  the  Consolidated  Car-Heating  Company's  fire- 
proof heater,  which  was  located  in  the  corner  struck  by  the 
engine.  Though  the  heater  was  somewhat  loosened  from  its 
fastenings,  lifted  and  tipped,  it  was  but  slightly  broken,  and 
notwithstanding  a  brisk  fire  was  burning  in  it,  no  con- 
flagration took  place.  Had  the  car  been  equipped  with  an 
ordinary  heater,  the  trainmen  say  nothing  could  have  prevented 
the  car  from  taking  fire. 

The  Southern  Pacific  shops,  in  Sacramento,  Cal.,  have  just 
completed  a  compound  locomotive,  which  is  rebuilt  from  a  simple 
engine  made  at  the  Schenectady  Works  some  years  ago.  This 
engine  is  of  the  i2-wheel  type,  havin^ight  5l-in.  drivers  and 
a  four-wheel  truck.  The  boiler  is  60  in.  in  diameter  ;  the  grate 
area  is  30  sq.  ft.  and  the  total  heating  surface  1,884  sq.  ft.  The 
engine  is  of  the  two-cylinder  type,  with  a  Pitkin  intercepting 
valve  placed  between  the  high  and  low-piessure  cylinders. 
The  cylinders  are  20  x  26  in.  and  29  x  26  in.  the  ratio  being 
I  :  2.1.  It  will  be  used  on  the  mountain  grades  over  the 
Tehachepi  Pass. 

The  American  Steel  Car-Wheel  Company,  South  Boston, 
Mass.,  is  making  car-wheels  cast  from  Bessemer  steel.  These 
wheels  are  in  use  on  a  number  of  railroads,  where  they  will  re- 
ceive a  thorough  trial. 

The  Rhode  Island  Locomotive  Works,  in  Providence,  have 
recently  delivered  to  the  Union  Pacific  six  lo-wheel  engines, 
with  19  X  24-in.  cylinders  and  62-in.  driving-wheels  ;  these  en- 
gines have  boilers  64  in.  diameter  of  barrel  and  Belpaire  fire- 
boxes. Other  recent  deliveries  include  two  lO-wheel  engines, 
with  18  X  24-in.  cylinders  and  54-in.  drivers  to  the  Boston  & 
Maine,  and  two  eight-wheel  engines  of  meter  gauge  to  a  rail- 
road in  South  America.  The  latter  have  boilers  46  in.  in  di- 
ameter of  barrel,  15  x  20-in.  cylinders  and  48-in.  drivers. 

The  Joseph  Dixon  Crucible  Company  has  begun  the  building 
of  an  addition  to  its  works  in  the  form  of  a  three-story  building 
25  X  100  ft.  in  size,  which  will  be  used  principally  for  office  pur- 
poses. The-  present  oflices  will  be  added  to  the  factory,  to- 
gether with  a  new  building  four  stories  high  and  100  x  100  ft. 
in  size.  The  new  building  will  contain  large  additions  to  the 
manufacturing  plant,  which  will  increase  the  capacity  of  the 
works. 

The  Brown  &  Sharpe  Manufacturing  Company,  Providence, 
R.  I.,  is  erecting  a  new  four  story  brick  building,  100  ft.  long 
and  56  ft.  wide.  The  construction  is  similar  to  that  of  the  main 
machine-shop  buildings,  and  is  practically  fire-proof  throughout. 
The  walls  are  20  in.  thick,  and  have  two  ventilating  flues  6  x  S  in- 
in  each  pier.  A  large  proportion  of  the  wall  space  is  occupied  by 
windows.  The  floors  and  roofs  rest  on  iron  beams,  supported  by 
three  transverse  rows  of  iron  columns  16  ft.  apart.  The  heavier 
beams  are  in  pairs  and  are  20  in.  deep  ;  the  lighter  are  15  in.  deep. 
The  latter  are  8  ft.  from  center  to  center,  and  support  brick 
arches  4  in.  thick,  10  in.  rise.  The  floors  are  5  in.  thick.  The  first 
layer  from  beam  to  beam  is  2^  in.  splined  spruce  plank.  The 
second  layer  is  i  J^  in.  spruce  laid  diagonally  with  the  plank,  and 
the  third,  or  top  layer,  is  i^  in.  hard  pine  laid  parallel  with 
the  3  in.  plank.  The  roof  is  solid  concrete  covered  with  tar 
and  gravel.     The  stairways  are  iron.     Benches  are  the  stand- 
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rd  pattern,  and  sanitary  closets  will  be  u^d.  The  building 
will  be  devoted  to  the  manufacture  of  a  variety  of  small  tools 
and  instruments  for  accurate  measurements. 

Xhf.  Lunkenheimer  Brass  Manufacturing  Company,  Cincin- 
nati O..  has  purchased  the  entire  plant  and  business  of  the  Por* 
teous  Brass  Company  of  the  same  place,  and  has  removed  the 
machinery  and  tools  of  the  latter  Company  to  a  new  addition 
recently  constructed  to  its  own  works,  the  capacity  of  which  is 
tlius  largely  increased. 

The  Sewall  steam  coupler,  manufactured  by  the  Consolidated 
Car-Heating  Company,  Albany,  is  now  in  use  on  railroads  cov- 
ering a  mileage  of  37.562  miles  and  using  7,080  passenger  cars. 
This  includes  such  lines  as  the  Boston  &  Maine  ;  the  Chicago 
&  Northwestern  ;  the  Grand  Trunk  ;  the  Louisville  &  Nashville; 
the  Richmond  &  Danville,  and  many  other  important  lines. 
The  McElroy  coupler,  also  manufactured  by  the  Consolidated 
Car-Heating  Company,  is  in  use  on  railroads  having  a  mileage 
of  8,188  miles  and  2,557  passenger  cars.  The  system  of  the 
Consolidated  Company  has  recently  been  specially  commended 
by  the  Railroad  Commissioners  of  Maine. 

The  Baldwin  Locomotive  Works.  Philadelphia,  are  building 
13  Forney  locomotives  for  the  Manhattan  Elevated  Railroad  in 
New  York.  The  boilers  are  42  in.  diameter  of  barrel  ;  the  fire- 
boxes are  of  the  Belpaire  type,  which  is  in  use  on  a  number  of 
the  Manhattan  engines.  The  grate  area  is  16  sq.  ft.;  the  total 
heating  surface  430  sq.  ft.  The  cylinders  are  12  x  16  in.;  dtiv- 
ing-wheels  42  in.  and  truck-wheels  26  in.  in  diameter.  The 
fixed  wheel-base  is  5  ft.;  total  wheel-base,  16  ft.  The  total 
weight  is  47,000  lbs.  in  working  order. 

The  Armington  &  Sims  Engine  Company,  Providence,  R.  I., 
has  recently  added  to  the  works  a  new  machine-shop,  and  a 
steam  laboratory  and  testing  room,  completely  fitted  up.  This 
company  has  recently  completed  a  compound  engine  of  1,000 
H.P.,  to  drive  a  train  of  rolls  in  the  mill  of  the  Washburn  & 
Moen  Company  at  Worcester,  Mass.  This  engine  will  be  run 
from  250  to  300  revolutions  per  minute.  " 

The  first  vessel  built  at  the  yard  of  the  Chicago  Ship  Building 
Company,  Chicago,  was  launched  March  14.  This  ship,  the 
Marina,  has  been  built  for  the  Minnesota  Steamship  Company, 
and  is  the  first  steel  steamer  ever  built  on  Lake  Michigan. 
She  is  308  ft.  long  over  all,  40  ft.  beam,  and  24  ft.  6  in.  deep. 
The  engines  are  of  the  triple-expansion  type,  with  cylinders  24 
in.,  38  in.,  and  61  in.  in  diameter  and  42  in.  stroke.  The 
steam  is  furnished  by  two  steel  Scotch  boilers,  each  14-^'ft.  in 
diameter  and  12  ft.  6  in.  long. 

Recent  sales  by  Riehle  Brothers,  in  Philadelphia,  include  a 
20o,ooo-lbs.  testing  machine  to  Cornell  University  ;  50,000-lbs. 
testing  machines  to  the  Baltimore  &  Ohio  Railroad,  to  Paige, 
Carey  &  Company.  Wheeling,  W.  Va.,  and  to  the  Colorado 
Agricultural  College  ;  a  5,000-lbs.  transverse  tester  to  the 
Dickson  Manufacturing  Company,  Scranton,  Pa.;  a  i  000- lbs. 
cement  tester  to  the  City  Engineer,  Salt  Lake.  Utah  ;  a  vibratory 

testing  machine  to   the  Thomson-Houston    Electric   Company. 

Lynn,  Mass.     They  have  also  sold  a  large  number  of  track  and 
other  heavy  scales,  and  Robie  screw  jacks. 

The  locomotives  built  by  the  Baldwin  Works,  Philadelphia, 
for  service  through  the  St.  Clair  Tunnel,  are  said  to  be  the 
heaviest  ever  built  in  this  country.  They  are  carried  on  10 
wheels,  all  coupled  and  all  50  in.  in  diameter,  the  total  wheel- 
base  being  18  ft.  3  in.  The  boiler  barrel  is  74  in.  in  diameter 
and  has  280  flues,  2^  in.  in  diameter  and  13  ft.  6  in.  long. 
The  fire-box  is  11  ft  long  and  42  in.  wide,  and  is  built  to  burn 
anthracite  coal.  Water  is  carried  in  two  long  side  tanks,  each 
holding  1,000  gallons.  The  cylinders  are  22  x  28  in.  These 
engines  weigh  195,000  lbs.  in  working  order,  giving  19,500  lbs. 
per  wheel. 


Asphalt  Paint. 


To  find  a  paint  of  lasting  qualities,  which  will  prevent  the 
corrosion  of  iron  due  to  atmospheric  agencies,  is  a  problem 
With  which  engineers  have  dealt  earnestly  for  many  years. 
Until  within  quite  recent  years  little  has  been  known  in  this 
country  of  the  valuable  properties  of  asphalt,  and  to  many  they 
^re  still  unknown.  In  the  popular  mind  it  is  often  confused 
With  certain  coal-tar  products,  which,  though  similar  in  appear- 
ance, differ  essentially  from  asphalt  in  character.  Asphalt  oils 
^'■e  of  a  non-volatile  nature,  and  are  therefore  permanent, 
*hile,  on  the  other  hand,  coal-tar  and  linseed  oils  are  volatile, 
"id,  therefore,  non-permanent.  Herein  lies  the  secret  of  the 
paint  problem.  In  order  to  prevent  rust,  some  substance  must 
"C  used  as  a  coating  for  the  fron,  which  is  impervious  to  air  and 


moisture,  and  it  is  of  equal  importance,  that  it  may  remain  im- 
pervious, that  it  should  be  unaffected  by  the  heat  of  the  sun  and 
by  exposure  to  the  air.  It  is  claimed  that  there  is  no  other 
substance  in  nature  which  so  nearly  complies  with  these  severe 
requirements  as  asphalt.  The  so-called  asphalt  paints  which 
have  been  commonly  used  in  the  past  are  such  only  in  name. 
They  contain,  at  best,  but  a  very  small  per  cent,  of  asphalt, 
which  is  incorporated  in  the  form  of  a  pigment  and  which 
serves  no  valuable  purpose.  Asphalt,  on  the  contrary,  should 
be  the  main  constituent,  since  the  virtue  of  such  a  paint  depends 
upon  the  presence  of  the  permanent  asphalt  oils.  When  these 
so-called  asphalt  paints  are  made  in  light  colors,  durability  be- 
comes subservient  to  ornamentation.  The  virtues  sought  in 
asphalt  are  lost  by  substituting  for  it  the  necessarily  large  quan- 
tity of  light-colored  pigment  essential  in  counteracting  the 
natural  dark  color  of  the  asohalt.    , 


The  Improved  Method  of  Splitting  Lumber. 

In  this  progressive  age  there  has  of  necessity  arisen,  step  by 
step,  improved  mechanism  for  band-sawing.  The  ribbon  of 
steel  for  many  years  could  not  be  handled  with  a  degree  of  re- 
liability ;  it  was  an  uncertain  quantity  to  depend  on  ;  but  now 
the  band-saw,  large  and  small,  has  become  an  essential  factor 
in  the  sawing  of  lumber.  The  resaw  alfeo  has  become  a  stand- 
ard machine,  sought  for  from  every  section  of  the  country  ;  in- 
deed, there  is  hardly  a  first-class  establishment  having  a  modern 
equipment  which  does  not  contain  the  resaw  as  a  valuable 
adjunct. 

*  The  accompanying  cut  represents  a  No.  5>^  band  resaw, 
built  to  meet  a  demand  for  a  machine  of  great  capacity  for  use 
in  car-building  establishments,  railroad-shops,  etc.     It  is  de- 


No.  sYy  BAND  RESAW,  MADE  BY  THE   EGAN  COMPANY. 

CINCINNATI. 

signed  and  constructed  for  light  and  heavy  work,  and  has  an 

improved  system  of  gearing,  having  the  two  front  feed-rolls 

close  to  the  saw  blade.  An  ingenious  device  connecting  the 
top  of  roller  brackets  enables  it  to  straighten  the  plank  while 
being  sawed,  making  a  great  saving  in  time  and  niaterial,  and 
which  commends  itsdf  to  all  practical  sawyers.  The  wheels 
are  60  in.  in  diameter,  with  extra  large  hubs  and  spokes,  and 
now  made  entirely  of  iron,  with  the  rim  of  the  lower  wheel 
much  thicker,  and  therefore  very  much  heavier  than  that  of  the 
upper  wheel.  Each  wheel  is  supported  by  an  outside  bearing 
on  each  side  of  the  column,  there  being  three  bearings  to  both 
upper  and  lower  shaft*.  The  feed  is  very  powerful,  consisting 
of  six  large  feed-rolls  heavily  geared,  driven  by  a  patent  gradu- 
ating feed,  enabling  the  operator  to  change  the  speed  instantly 
by  turning  a  hand-wheel  while  the  board  is  being  fed  through 
the  machine.  The  guides  seem  to  be  the  best  yet  devised,  and 
are  made  so  as  to  support  the  blade  when  crowded  too  fast. 
The  roller  back  is  also  a  great  improvement  as  now  arranged. 
The  capacity  of  this  machine  is  very  great — beyond  20,000  ft. 
per  day — and  in  the  hands  of  a  skillful  sawyer  and  properly 
fixed  for  it,  there  is  no  trouble  in  reaching  35,000  or  36,000  ft. 
per  day.  It  now  carries  a  6-in.  blade,  and  works  with  equal 
facility  in  hard  or  soft  woods,  cutting  36  in.  wide,  and  to  the 
center  of  12  in.  thick.  Several  pieces  of  narrow  stuff  can  be 
cut  placed  between  the  rolls  one  above  the  other.  The  rate  of 
feed  is  from  o  to  65  ft.  per  minute  ;  a  larger  size  is  built— No. 
6-— which  carries  an  8-in.  blade,  and  is  specially  fitted  for  saw- 
mill work  and  the  production  of  the  largest  quantities.  The 
success  of  the  No.  5^2  ^^^  been  of  a  remarkable  character. 
For  further  information  and  details  address  the  originators 
and  builders.  The  Egan  Company,  Nos.  IQ.1-214  West  Front 
Street,  Cincinnati,  O. 
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I  The  Westinghouse  Troubles. 

For  several  months  past,  the  daily  press  has  constantly  re- 
ferred to  what  it  called  the  financial  troubles  of  the  Westing- 
house  Interests.  While  it  is  true  that  there  are  several  indus- 
trial corporations  which  in  one  form  or  another  bear  the  name 
of  "  Westinghouse,"  it  is  equally  true  that  the  "  financial 
troubles"  among  these  companies  have  been  confined  to  what 
is  known  as  the  Westinghouse  Electric  &  Manufacturing  Com- 
pany, or,  in  other  words,  to  that  company  whose  business  con- 
sists in  making  and  vending  electrical  apparatus. 

The  Westinghouse  Machine  Company,  for  instance,  whose 
business  consists  in  making  and  selling,  through  the  medium  of 
its  agents  in  every  part  of  the  civilized  world,  its  well-known 
Westinghouse  engines,  has  had  no  financial  trouble,  and,  to 
use  a  current  expression,  is  "  not  in  it  !"  Instead  of  curtailing 
its  operations,  this  old  reliable  institution  is  still  further  in- 
creasing its  capacity  as  rapidly  and  as  much  as  it  can.  New 
tool  and  store-rooms  are  just  approaching  completion,  and  it  is 
hoped  by  the  management,  during  the  coming  spring  or  sum- 
mer, to  be  able  to  add  complete  new  erecting  and  testing  shops 
fitted  with  large  power  cranes  and  all  modern  improvements, 
and  which  shops  will  have  a  producing  capacity  twice  as  great 
as  the  present  ones.  To  those  in  want  of  steam-engines,  as 
well  as  to  those  interested  in  the  development,  progress  and 
enterprise  of  American  manufacture,  we  suggest  a  careful 
perusal  of  the  advertisement  of  the  Westmghouse  Machine 
Company, which  appears  elsewhere  in  this  issue. 


Automatic  Train  Heating. 

The  first  railroad  in  the  world  to  operate  a  whole  system  of 
trains  in  which  the  temperature  is  automatically  regulated 
whenever  steam  heat  is  used,  is  the  Delaware  &  Hudson  Canal 
Company.  Its  Belt  Line  trains  between  Albany  and  Troy  are 
all  thus  equipped  with  the  Consolidated  Car-Heating  Company's 
devices.  The  temperature  regulator  has  been  in  service  since 
January  i,  1S91,  and  the  directions  for  its  use  practically  are  : 
"  Turn  on  steam  to  cars  from  the  locomotive  and  leave  every 
valve  on  the  train  entirely  alone. '<5  The  interior  temperature 
of  the  cars,  with  ventilators  well  open,  will  shortly  after  steam 
is  turned  on  rise  to  70""  and  remain  there,  no  matter  what  the 
outside  temperature  may  be. 

On  the  invitation  of  the  Consolidated  Company  a  large 
number  of  prominent  railroad  men  inspected  this  system  in 
operation  on  March  11  and  12.  There  were  present  represent- 
atives of  nearly  all  the  leading  lines  of  the  Northern  and  East- 
ern States.  After  carefully  watching  the  operations  of  the 
heating  apparatus,  the  visitors  were  entertained  at  the  Albany 
Club  by  the  Company. 

The  exhibition  of  the  car-heating  system  in  use  on  the  Albany 
Belt  Line  trains  was  so  successful  that  the  Consolidated  Car- 
Heating  Company  has  extended  its  invitation  to  railroad  men 
to  visit  Albany  and  inspect  that  system  until  April  15,  or  as 
long  as  heat  is  required  in  the  cars.  As  the  system  is  in  regu- 
lar every-day  use,  it  can  be  seen  at  any  time,  but  if  the  Company 
is  notified,  its  representative  will  meet  any  visitors  who  may 
wish  to  see  the  working  of  the  system. 


Baltimore  Notes. 


Plans  for  the  new  bridge  to  be  erected  on  North  Avenue,  for 
the  use  of  the  Belt  Railroad,  the  Northern  Central  and  the 
Western  Maryland,  have  been  submitted  and  approved.  The 
plans  were  prepared  by  Mr.  Frederick  H.  Smith,  Civil  Engineer 
for  the  City,  and  approved  by  Mr.  J.  H.  Rea,  Engineer  for  the 
Belt  road.  The  bridge  is  to  be  of  stone,  400  ft.  long,  of  three 
arches,  with  a  roadway  of  60  ft.  ;  it  will  cost  about  .$400,000. 
and  will  be  paid  for,  jointly,  by  the  City  and  the  Belt  Railroad. 

The  power  houses  of  the  Cable  Railroad,  to  run  between 
Druid  Hill  and  Patterson  Parks,  have  been  completed,  and  are 
ready  for  the  cable,  which  is  expected  within  the  next  10  days. 

The  South  Baltimore  Car  Works.  Curtis  Bay,  have  received 
an  additional  order  from  the  Baltimore  &  Ohio  Railroad  to 
make  thorough  repairs  to  50  gondola  cars.  The  United  States 
Rolling  Stock  Car  Works,  Hegewich,  111.,  have  secured  a  sim- 
ilar order.  Having  cars  repaired  by  contract  is  a  new  feature 
in  the  Baltimore  &  Ohio  management.  These  works  are  build- 
ing 250  hopper-bottom  gondola  cars,  of  60,000  lbs.  capacity, 
for  the  Youghiogheny  Coal  Company. 

A  new  10  wheel  engine,  cylinders  20  X  24  in.,  with  a  steel 
cab,  has  just  been  turned  out  of  the  Mt.  Clare  Works.  A  trial 
trip  will  be  made  on  the  Philadelphia  Division,  after  which  it 
will  be  sent  to  the  Trans-Ohio  Division.  This  is  the  first  com- 
pleted on  an  order  for  10.     In  addition  to  these,  four  lo-wheel. 


ers  have  just  been  purchased  from  the  Pittsburgh  Locomotive 
Works,  for  use  on  the  Pittsburgh  Division. 

It  is  said  that  the  Baltimore  &  Ohio  shops  at  Keyser,  W.  Va. 
and  Connellsville,  Pa.,  will  soon  be  consolidated  with  the  shops 
at  Cumberland,  Md.,  which  is  to  be  the  terminus  of  the  Eastern 
Division  instead  of  Keyser,  as  at  present. 

The  citizens  of  Martinsburg,  W.  Va.,  are  greatly  exercised 
over  the  rumor  that  the  work  of  the  Baltimore  &  Ohio  shops  at 
that  point  is  to  be  transferred  to  Brunswick  (old  Berlin),  where 
the  Company  has  purchased  a  large  tract  of  land.  Brunswick 
will  be  known  as  the  "  drilling  ground,"  as  all  freight  trains 
for  Washington,  Locust  Point,  Hagerstown,  and  all  points  on 
the  Valley  Railroad,  will  be  made  up  there. 


The  Gesner  Rust-Proof  Process. 

The  rust-proof  process  invented  by  Mr.  G.  W.  Gesner,  of 
New  York,  has  passed  the  experimental  stages,  and  the  inventor 
has  for  some  time  past  had  a  plant  in  practical  operation  in 
South  Brooklyn,  where  a  large  number  of  articles  have  been 
treated.  In  this  process,  it  is  claimed,  no  scale  or  coating  is 
formed,  but  the  body  of  the  surface  is  converted  into  a  compound 
of  iron,  hydrogen  and  carbon,  which  will  not  oxidize,  and 
thoroughly  protects  the  article  treated.  Moreover,  there  is  no 
alteration  of  form,  distortion,  or  warping  during  the  process. 

The  accompaning  engraving  shows  a  half  front  view  and  a 
half  section  of  Mr.  Gesner' s  furnace,  from  which  its  construe- 
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THE  GESNER  RUST-PROOF  FURNACE. 

tion  can  be  clearly  seen.  It  consists  substantially  of  a  bench 
of  two  ordinary  gas  retorts  placed  side  by  side  in  a  furnace 
heated  by  a  grate.  The  process  itself  is  conducted  in  the  fol- 
lowing manner  :  The  retort  being  carried  to  a  temperature  of 
1,000°  to  1,200"  F.,  as  may  be  determined  by  the  character  of 
the  articles  to  be  treated,  the  latter  are  introduced  by  means 
of  a  crane  and  pulley,  care  being  taken  that  they  do  not  touch 
one  another.  After  closing  and  testing  the  retort,  the  heating 
continues  for  about  20  minutes.  Then  steam  is  introduced  into 
what  Mr.  Gesner  calls  a  hydrogen  generator,  shown  in  the 
drawings.  It  is  a  simple  pipe,  open  at  the  rear  end.  Mr.  Ges- 
ner claims  that  in  the  passage  of  the  steam  through  this  genera- 
tor hydrogen  is  generated,  which  fills  the  retort.  This  opera- 
tion goes  on  for  35  minutes,  at  the  end  of  which  time  half  a  pint 
of  naphtha  is  permitted  to  flow  into  the  retort  for  10  minutes. 
The  fiow  of  hydro-carbon  is  then  stopped,  and  the  steam  which 
has  been  allowed  toenter  the  generator  during  the  whole  opera- 
tion is  continued  for  15  minutes  longer.  The  whole  time  em- 
ployed in  the  operation  is,  therefore,  i  hour  and  20  minutes. 
The  purging  pipe,  which  dips  into  an  open  vessel  of  water,  as 
shown,  to  the  depth  of  ij^  in.,  carries  off  any  excess  of  .i;ases 
produced  in  the  operation. 

In  cases  where  articles  treated  are  ornamental,  such  as  art 
hardware,  they  are  given  a  bath  of  cold  whale-oil  or  parafline- 
oil  to  render  them  more  even  in  tone.  In  other  articles  no  oil 
is  used.  The  plant  now  established  at  South  Brooklyn  is  rated 
at  a  capacity  of  6  tons  per  day  of  boiler  tubes,  7>^  ft.  in  length, 
or  2  tons  of  ornamental  hardware,  the  rate  of  production  of 
treated  goods  depending  upon  the  lime  required  for  hanilling 
them.  The  average  cost  of  fuel  per  day  is  reported  by  Mr. 
Gesner  to  be  I1.75,  including  coal  for  the  boiler. 
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The  following  is  an  analysis,  made  by  Slillwell  &  Gladding, 
of  New  Yorkiof  a  sample  of  the  surface  of  cast-iron  prepared 
by  the  process:  Carbon,  i.oi  per  cent.;  hydrogen,  0.22  per 
j^nt.;  sand/o-yo  per  cent,  and  iron,  66.10  per  cent.  The  chem- 
ists add  that  the  iron  is  present  as  metallic  iron  and  as  oxides 
of  various  constitution, 

A  series  of  careful  tests  of  iron  and  steel  plates  treated  by 
this  process  shows  practically  no  effect  upon  the  strength  and 
resistance  of  the  metal. 


OBITUARY. 


Charles  Kellogg,  President  of  the  Buffalo  Bridge  Com- 
pany, and  bead  of  the  Kellogg  Tube  Works,  died  at  his  home 
jo  Findlay,  O.,  March  14.  Mr.  Kellogg  was  well  known 
throughout  the  country  as  a  civil  engineer.  He  was  an  in- 
ventor of  some  note,  being  the  originator  of  the  seamless  tube 
which  bears  his  name.  He  had  passed  a  long  and  useful  life, 
haying  reached  the  age  of  75  years. 

William  G.  Douglas,  who  died  at  his  home  in  Wilson 
County,  Va.,  March  15,  aged  72  years,  was  one  of  the  oldest 
civil  engineers  in  the  country,  and  for  many  years  prominently 
connected  with  the  Baltimore  &  Ohio  Railroad.  His  first  work 
was  on  the  surveys  of  the  Orange  &  Alexandria— now  the  Vir- 
ginia Midland — Ra  Iroad.  He  made  the  first  survey  for  the 
Manassas  Gap  Railroad,  from  Manassas  to  Strasburg,  Va..  and 
the  preliminary  survey  for  the  Rockfish  Gap  Tunnel  through 
the  Blue  Ridge  for  the  Chesapeake  &  Ohio  Railroad.  He  was 
Civil  Engineer  on  the  Baltimore  &  Ohio,  doing  work  under 
Chief  Engineer  Latrobe  on  the  Hancock  Division.  In  185 1  he 
was  Division  Engineer  on  the  Central  Ohio  Railroad  from 
Wheeling  to  Columbus.  He  then  formed  a  copartnership, 
under  the  firm  name  of  Douglass,  Smith  &  Company,  and  con- 
tracted for  building  all  the  cars  and  bridges  of  the  Central  Ohio 
and  other  roads.  The  panic  of  1857  broke  up  his  business.  In 
1S72  he  was  Division  Engiheer  on  the  Atlantic  &  Lake  Erie 
Railroad,  in  Ohio.  For  some  years  past  he  has  been  retired 
from  active  work. 


PERSONALS. 


J.  P.  HovEY,  late  of  the  Northern  Pacific,  has  been  made 
General  Foreman  of  the  Baltimore  &  Ohio  shops  at  South 
Chicago,  in  place  of  C.  H.  Campbell,  resigned. 

George  T.  Jarvis  has  resigned  his  position  as  Superintendent 
of  the  Ohio  Division  of  the  Baltimore  &  Ohio  Railroad.  His 
successor  is  R.  W.  Baxter,  late  Trainmaster. 

/M.  Lewinson  and  George  A.  Just  have  entered  into  part- 
tiership  as  consulting  and  contracting  engineers,  and  have 
established  an  office  at  No.  90  Nassau  Street,  New  York. 

.1  Gardiner  C.  Sims  was  the  special  representative  of  steam 
engineering  at  the  recent  electric  anniversary  in  Providence. 
J  Mr.  Sims  served  his  apprenticeship  at  the  New  York  Central 
shops  in  West  Albany,  and  after  several  years'  varied  experi- 
ence, joined  Mr.  Armington  in  forming  the  firm  of  Artnington 
•S  Sims.  Their  specialty  was  the  building  of  quick-running 
engines,  and  their  type  of  engine  has  seemed  to  be  particularly 
well  adapted  to  electric  work,  achieving  a  great  success. 

■  William  F.  Shunk,  of  Pittsburgh,  has  been  appointed  by  the 
Intercontinental  Railroad  Commission  Organizing  Engineer, 
and  will  have  charge  of  the  formation  of  the  parties  which  are 
|o  make  preliminary  surveys  through  Central  America.  The 
secretary  of  War  has  (fetailed  the  following  officers  for  duty  in 
connection  with  these  surveys  :  Captain  Edgar  L.  Stever, 
inird  Cavalry  ;  First  Lieutenants  S.  M.  Foote,  Fourth 
^"'llery,  and  Arter  Allen,  Third  Infantry  :  Second  Lieu- 
rENA.NTs  A.  S.  Rowan,  Ninth  Infantry.  A.  T.  Bufi-ington, 
jeventh  Infantry,  C.  A.  Hedekin,  Third  Cavalry,  and  Samuel 
f.i  •  ^ouf^h  Cavalry.  Three  other  officers  are  yet  to  be 
selected,  making  ten  in  all. 


PROCEEDINGS   OF  SOCIETIES. 

Conference  of  Railroad  Commis-sioners.— The  Second 
nnual  Confei-ence  of  Railroad  Commissioners  was  held  in 
Cool  '^'°"*  ^^""^^  3.  about  30  persons  being  present.  Judge 
jj.  p'  °^  ^he  Interstate  Commission,  was  chosen  President  ; 
E  Au^^  ^'  ^^°^^^'^'  o'  Massachusetts.  Vice-President,  and 
dres  .^^'*y  Secretary.     Judge   Cooley  made  his  annual  ad- 

spec^'l"^^'^^  was  a  discussion  of  the  railroad  problem,  with 
in  J  ,  .""elation  to  the  present  system,  or  rather  lack  of  system, 
'"  making  rates. 


The  report  of  the  Committee  on  Legislation  gave  rise  to  a 
discussion  with  regard  to  securing  uniformity  in  the  adoption  of 
automatic  couplers  and  train  brakes. 

Commissioner  Schoonmaker  read  a  paper  on  the  use  of  private 
cars,  which  gave  rise  to  some  discussion. 

On  the  second  day  there  was  a  discussion  on  the  rate  ques- 
tion, which  ended  in  the  adoption  of  lesolulions  in  favor  of  laws 
regulating  rates  ;  such  laws  in  the  different  States  to  be  made 
as  uniform  as  possible. 

The  subject  of  Car  Couplers  was  taken  up,  and  a  representa- 
tive from  the  Switchmen's  Association  made  an  appeal  for  uni- 
formity in  couplers,  with  a  view  to  securing  safety  to  trainmen. 
After  discussion  it  was  resolved  to  appoint  a  Committee  of  five 
to  urge  upon  Congress  the  need  of  action  to  secure  the  equip- 
ment of  freight  cars  throughout  the  country  with  automatic 
couplers  and  train  brakes. 

The  Committee  on  Rates  was  continued,  with  instructions  to 
report  to  the  next  Conference  such  further  facts  and  sugges- 
tions as  may  be  considered  best.  The  Committee  on  Uniform 
Safety  Appliances  was  directed  to  report  10  the  next  Conference 
on  the  question  of  National  Legislation  on  Lighting  and  Heat- 
ing Passenger  Cars. 

The  Conference  adjourned,  to  meet  again  in  Washington  on 
the  second  Wednesday  of  April  of  next  year. 


American  Society  of  Civil  Engineers. — The  Secretary  an- 
nounces that  the  Annual  Convention  will  be  held  at  Lookout 
Mountain,  Tenn.,  beginning  about  May  20  next.  The  detailed 
arrangements  will  be  announced  in  a  future  circular.  Members 
desiring  to  contribute  papers  or  discussions  should  send  an  ab- 
stract of  the  papers  to  the  Secretary  not  later  than  April  20. 
and  should  advise  the  Secretary  as  soon  as  possible  whether 
they  intend  to  contribute. 


At  the  regular  meeting,  March  4,  it  was  announced  that  the 
proposed  amendment  to  the  constitution  relating  to  local  so- 
cieties had  been  lost  by  a  vote  of  182  to  189.  The  other  pro- 
posed amendments  had  been  carried  by  a  vote  of  289  to  35. 

The  following  elections  were  announced  : 

Members  :  Wilfred  E.  Cutshaw,  Richmond,  Va.;  George  L. 
Dillman,  Winlock,  Wash.;  Francis  L.  Hills,  Wilmington,  Del.; 
John  h..  Bensel,  George  A.  Just,  New  York  ;  Captain  James  L. 
Lusk,  U.  S.  Eng.,  Washington. 

Juniors:  Oscar  E.  Selby,  Louisville,  Ky. ;  John  G.  Spiel- 
man,  Paterson,  N.  J. 

Mr  R.  L.  Harris  read  a  paper  on  Coffer  Dams,  describing 
one  without  timber  or  iron  in  its  construction.  This  was  dis- 
cussed by  members  present. 


Franklin  Institute. — The  Committee  on  Science  and  Arts 
of  the  Franklin  Institute  has  awarded  the  Elliott  Cresson  medal 
to  Tinius  Olsen,  of  Philadelphia,  for  his  improvement  in  Test- 
ing Machines. 

The  Committee  has  awarded  the  John  Scott  legacy  medals 
and  premiums  as  follows  :  J.  E.  Wootten,  of  Philadelphia,  im- 
provements in  Locomotive  Boilers  ;  Ottmar  Mergenthaler,  of 
New  York,  for  his  improvement  of  the  Linotype  ;  Robert 
Hadfield,  of  Sheffield.  England,  for  his  discovery  of  Manganese 
Steel  ;  Wallace  H.  Dodge,  of  Mishawaka.  Ind.,  for  his  system 
of  Rope  Transmission  ;  William  Anderson,  of  London,  Eng- 
land, for  his  process  of  Water  Purification  ;  E.  C.  Johnson,  of 
New  York,  for  his  system  of  Interior  Electric  Conduits  ;  J.  B. 
Hannay,  of  Glasgow,  Scotland,  and  Alfred  Shedlock,  of  New 
York,  for  their  improved  system  of  illumination  known  as 
Lucigen. 

National  Electric  Light  Association.  --  At  the  annual 
meeting,  in  Providence,  February  17-19,  of  which  some  notice 
was  made  last  month,  the  following  officers  were  chosen  for  the 
ensuing  year  :  President,  C.  R.  Huntley,  Buflfalo.  N.  Y.;  First 
Vice-President,  James  I.  Ayer.  St.  Louis,  l^o. ;  Second  Vict- 
President.  M.  J.  Francisco.  Rutland,  Vt.;  Executive  Com- 
mittee, A.  J.  DeCamp.  Philadelphia  ;  A.  J.  Corriveau,  Mon- 
treal ;  John  A.  Seelv,  New  York  ;  A.  M.  Robertson,  Minne- 
apolis ;  C.  R.  Faben,  Toledo  ;  H.  H.  Fairbanks,  Worcester  ; 
E  F.  Pfck,  Brooklyn  ;  E.  W.  Rollins,  Denver  ;  J.  J.  Bur- 
leigh. Camden. 

It  was  unanimously  decided  to  hold  the  Text  meeting,  in 
August,  at  Montreal,  Canada. 


Master  Mechanics'  Association.— The  Commits e  on  Lo- 
comotives for  Freight  and  Heavy  Passenger  Service  (Pulaski 
Leeds,  Louisville,  Ky.,  Chairman)  ask  for  information  as  to  the 
relative  merits  of  the  mogul  and  ten-wheel  types,  limit  of  weight 
on  a  driver  and  other  particulars  as  indicated  by  experience. 
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The  Committee  on  Operating  Locomotives  with  Diflferent 
Crews  ask  for  information  and  notes  of  experience  gained  in 
running  locomotives  with  more  than  one  crew  ;  especially  as  to 
cost  of  fuel  and  repairs  ;  also  for  opinions  as  to  the  merit  of 
different  systems  of  running.  Answers  are  to  be  sent  to  John 
A.  Hill,  96  Fulton  Street.  New  York  City. 

Secretary  Sinclair  has  issued  the  following  :  "  A  general  in- 
dex of  the  annual  reports  of  this  Association,  from  the  ist  to 
the  23d  inclusive,  has  been  prepared  and  is  ready  for  sending 
out.  Members  desiring  to  obtain  the  Index  will  receive  it  free 
of  charge,  on  applying  to  the  Secretary.  The  Index  is  of  ser- 
vice only  to  those  who  have  the  back  reports  and  use  them  for 
reference. 

The  Committee  on  the  Car  Coupler  Question,  of  which  Mr. 
John  Hickey,  Kaukauna,  Wis.,  is  Chairman,  is  collecting  in- 
formation as  to  the  working  of  the  M.  C.  B.  standard  coupler 
and  the  present  condition  of  opinion  among  the  members  of 
the  Association  in  relation  to  this  coupler. 

The  Committee  on  Axles,  of  which  Mr.  John  Mackenzie, 
Cleveland,  O.,  is  Chairman,  is  collecting  statistics  as  to  break- 
ages of  iron  and  steel  axles,  and  as  to  the  service  of  these  axles 
under  locomotive  tenders  and  cars. 


Illinois  Society  of  Engineers  and  Surveyors. — The  an- 
nual meeting  was  held  in  Springfield,  lU.,  January  28,  29  and 
30.  A  number  of  interesting  papers  were  presented,  among 
which  were  Roads  and  Road  Drainage,  by  T.  S.  McClanahan  ; 
Office  Records,  by  E.  A.  Hill  ;  Map  Making,  by  W.  W.  Abell  ; 
Pennington's  Aerial  Ship,  by  G.  C.  Harvey  ;  Straightening 
and  Deepening  Water  Course,  by  D.  L.  Braucher  ;  Improve- 
ment of  Public  Grounds,  by  S.  F.  Balcom  ;  Water  Works  of 
Peoria,  by  Jacob  Harmon  ;  Government  Lock  and  Dam  at 
Mount  Carmel,  by  G.  C.  Harvey. 

The  following  officers  were  elected  :  President,  Arthur  N. 
Talbot  ;  Secretary  and  Treasurer,  S.  A.  Bullard  ;  Recording 
Secretary,  C.  M.  Richards  ;  Chairman  Executive  Committee, 
D.  L.  Braucher.  

Boston  Society  of  Civil  Engineers. — The  annual  dinner 
was  given  at  Young's  Hotel,  Boston,  March  10,  about  130  mem- 
bers and  guests  being  present.  After  dinner  speeches  were 
made  by  President  Fitz-Gerald,  Professors  Swalo,  Drown  and 
Shaler,  Messrs.  Howe,  Spencer,  Peters,  Stebbins  and  others. 


At  the  annual  meeting,  in  Boston,  March  i8,  the  Secretary 
reported  a  total  of  265  members.  Reports  were  received  from 
the  standing  committees.  The  following  officers  were  elected 
for  the  ensuing  year :  President,  F.  P.  Stearns  ;  Vice-Presi- 
dent, W.  E.  McClintock  ;  Secretary,  S.  E.  Tinkham  ;  Treas- 
urer, Henry  Manley  ;  Librarian,  F.  W.  Hodgdon  ;  Director, 
G.  F.  Swain.  

New  England  Water-Works  Association. — A  regular 
meeting  was  held  in  Boston,  March  11.  Mr.  Hiram  F.  Mills, 
of  the  Massachusetts  Board  of  Health,  read  an  elaborate  paper 
on  the  Relation  of  Water-Supply  to  Typhoid  Fever,  which  was 
discussed  at  considerable  length  by  members  present. 

Descriptions  were  given  of  a  new  covered  reservoir  at  Frank- 
lin, N.  H.,  by  F.  L.  Fuller  ;  a  new  pumping  engine  at  Lynn, 
by  John  C.  Haskell,  and  the  Maiden  water- works,  by  S.  M. 
AUis. 

Engineers'  Club  of  Philadelphia. — At  the  regular  meeting, 
February  21,  it  was  ordered  that  the  amendments  to  the  Con- 
stitution be  printed  and  a  note  taken  at  the  next  meeting  on  the 
same. 

The  Secretary  then  presented,  for  Mr.  Percy  T.  Osborne,  a 
large  view  of  the  Ri Vermont  Bridge  at  Lynchburg,  Va.,  ac- 
companied by  a  communication  describing  this  structure. 

Mr.  Rudolph  H^ering  presented  a  paper  upon  the  Action  of 
Sea  Water  on  St*el  and  Iron.  This  paper  was  followed  by 
some  discussion,  but  as  Mr.  Hering  proposed  to  continue  the 
subject  at  a  future  meeting,  it  was  resolved  that  further  discus- 
sion be  postponed  until  the  completion  of  the  paper  by  Mr. 
Hering.  

At  the  regular  meeting,  in  Philadelphia,  February  7,  Mr. 
Charles  H.  Haupt  presented  an  illustrated  paper  on  Photo- 
graphic Surveying,  of  which  the  following  is  an  abstract  : 

I.  The  location  of  points  horizontally  and  vertically/from  pho- 
tographs depends,  in  the  first  place,  on  the  determina'tr^  of  the 
position  of  the  point  of  sight  for  any  view  which  is  at  a  constant 
distance  equal  to  the  equivalent  focus  of  the  lens,  and  directly 
opposite  the  center  of  the  picture.  The  horizontal  projections 
of  points  may  now  be  connected  with  this  point  of  sight,  and' 
horizontal  angles  thus  determined.  Vertical  angles  for  heights 
are  determined  from  their  tangents. 


2.  Triangulation  of  any  point  in  the  field  may  thus  be  effected 


as  it  is  possible  to  measure  the  true  angle  between  this 


Poio! 


and  some  other  fixed  point  from  two  views  taken  from  differ* 
stations.  "' 

3.  A  photographic  map  of  the  Schuylkill  and  Fairmount  Pa,i 
was  shown.  The  map  was  made  from  photos  taken  from  each 
side  of  the  river.  A  panoramic  view  of  the  horizon  was  taW 
from  each  station,  each  view  being  oriented  from  the  compass 
bearing  of  its  center.  The  base  line  was  on  the  west  bank  and 
was  947  ft.  long.     A  check  station  was  taken  on  the  west  bank 

The  scale  used  was  200'  to  i''  and  points  platted  to  this  seal, 
from  the  three  principal  stations  checked  exactly.  Heighu 
also  checked  up  satisfactorily.  The  field  work  took  but  eight 
hours  ;  platting  about  three  days. 

There  was  considerable  discussion  of  this  paper. 

The  Secretary  presented,  for  Mr.  J.  M.  Stewart,  a  paper  by 
Mr.  J.  Bernard  Walker  upon  a  Boltless  Rail  Joint.  Mr.  Stew. 
art,  who  is  Chief  Engineer  of  the  Oregon  Pacific,  is  about  to 
try  it  on  his  road,  and  considers  that  one  of  lis  principal  values 
is  that  such  rail  joints  will  be  cheap  to  maintain,  as  the  con- 
stant tightening  of  bolts  is  not,  in  his  opinion,  necessary. 


Civil  Engineers'  Club  of  Cleveland. — At  the  regular  meet- 
ing, February  10,  Professor  Frank  H.  Neff  was  elected  a  mem- 
ber. The  Committee  on  Nominations  reported  two  lists  of  can- 
didates. A  Committee  was  appointed  to  arrange  for  the  annual 
meeting  and  dinner. 

Mr.  H.  M.  Kingsley  read  a  paper  on  Surveys  for  the  Cleve- 
land Water  Works  Tunnel,  in  which  he  said  that  the  original 
location  was  in  a  straight  line  from  the  shore  shaft  to  the  crib  in 
the  lake,  but  on  account  of  striking  quicksand,  some  detours 
were  made,  complicating  the  location.  On  account  of  the  un- 
equal settling  of  the  crib,  throwing  the  shaft  out  of  plumb,  the 
direction  at  that  end  was  obtained  from  two  plumb  lines  only  6 
ft.  4  in.  apart,  yet  the  intersection  of  the  two  headings  was  only 
6  in.  north  of  the  calculated  point.  The  measured  length  of 
the  tunnel  was  only  0.096  ft.  shorter  than  the  calculated  length 
in  a  distance  of  7,100  ft.  After  the  completion  of  the  tunnel 
test  levels  were  run  connecting  with  bench  marks  ui)on  the 
shore  end  with  the  lake  end,  and  they  were  found  to  differ  only 
by  0.016  ft. 

The  paper  was  illustrated  by  specimens  of  wood,  bark  and 
nuts  found  at  a  depth  of  60  to,  80  ft.  below  the  surface  ;  also  by 
a  map  showing  the  location  of  the  tunnel  as  originally  laid  down 
and  as  finally  built :  also  the  location  and  soundings  for  the  pro- 
posed extension  2\  miles  further  into  Lake  Erie. 


The  eleventh  annual  meeting  was  held  at  the  Club  Rooms, 
March  10.  A  brief  memoir  of  Mr.  Joseph  M.  Blackburn, 
member  of  the  Club,  lately  deceased,  was  presented,  and 
resolutions  of  respect  were  adopted. 

Ballots  for  the  election  of  officers  for  the  ensuing  year  were 
canvassed,  and  the  following  officers  elected  :  President,  Joseph 
Leon  Gobeille ;  Vice-President,  M.  E.  Rawson  ;  Secretary, 
A.  H.  Porter  ;  Treasurer,  N.  P.  Bowler  ;  Librarian,  C.  M. 
Barber  ;  First  Director,  F.  C.  Osborn  ;  Second  Director, 
S.  J.  Baker. 

A  revised  constitution  was  adopted.  The  retiring  officers 
presented  their  annual  reports.  The  President's  report  showed 
the  Club  to  be  in  excellent  condition,  and  its  work  during  the 
past  year  equal  to  that  of  any  year  previous,  and  the  prospect 
for  the  future  bright  and  flattering. 

The  Secretary's  report  showed  that  the  total  membership 
now  reaches  157,  a  gain  of  20  during  the  past  year.  There 
were  two  deaths  during  the  year  and  only  one  resignation,  and 
no  member  was  dropped  for  non-payment  of  dues.  There 
were  13  papers  read  before  the  Club  during  the  year,  and  there 
was  one  discussion  upon  a  technical  subject. 

The  Treasurer's  report  showed  the  finances  to  be  in  a  healthy, 
substantial  condition. 

The  Librarian's  report  showed  that  more  room  is  urgently 
demanded  for  the  better  accommodation  and  proper  arrange- 
ment of  the  Engineering  Library,  that  is  slowly  but  steadily 
growing. 

The  Chairmen  of  the  various  Committees  on  programme 
made  brief  reports  upon  the  progress  made  in  the  different  de- 
partments of  Engineering  during  the  year.  Three  of  these  re- 
ports were  especially  interesting,  that  of  Professor  C-  - 
Saunders  on  Surveying  and  Civil  Engineering,  that  of  Mf- 
Walter  Miller  on  Mechanical  Engineering,  and  that  of  Proies 
sor  C.  S.  Howe  on  some  recent  discoveries  in  Astronomy. 

The  various  Committees  on  programme  for  the  ensuing  yf 
were  appointed.     A  vote  of  thanks  was  extended  to  the  retiriDg 
officers. 
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gjj-ineers'  Club  of  Cincinnati. —At  the  regular  meeting, 
F  bruary  19.  there  was  a  discussion  on  the  question  of  the  most 

uitable  method  of  assessing  and  calculating  the  cost  of  street 
■morovements,  the  point  being  whether  such  improvements 
'hould  be  paid  for  by  assessing  the  cost  upon  abutting  property 
or  from  a  general  fund. 

Colonel  Latham  Anderson  read  a  paper  on  a  Single  Trap 
System  of  House  Drainage,  which  included  a  general  discus- 
sion and  criticism  of  the  modern  system  of  house  drainage  and 
a  description  of  a  proposed  plan  for  the  use  of  a  single  trap  be- 
tween the  sewer  and  the  house.     This  was  generally  discussed. 


Engineering  Association  of  the  South. — At  the  regular 
eeting,  in  Nashville,  Tenn.,  February  12,  the  committee  ap- 
)inted  to  prepare  a  memorial  to  the  Legislature  for  the  re- 
eal  of  the  Tennessee  law  levying  a  special  tax  on  architects 
and  engineers,  reported  that  answers  from  38  States  showed 
that  no  lax  was  levied  on  these  professions. 
The  Committee  on  Highways  recommended  that  a  standing 
W,  committee  be  appointed  of  one  member  from  each  State  repre- 
_.  sented  in  the  Association  to  secure  as  frequently  as  possible 
papers  from  members  on  this  subject  to  be  read,  discussed,  and 
H  then  printed  and  generally  circulated.  The  report  was  ap- 
proved. 

Mr.  Charles  J.  Norwood,  of  Frankfort,  Ky.,  was  chosen  a 
member.     The  death  of  Mr,  Eben  Pardon  was  announced. 

Mr.  J.  B.  Marbury  read  a  paper  on  Weather  Forecasts,  giv- 
ing an  ac  ount  of  the  system  adopted  by  the  United  States  Signal 
Bureau. 


At  the  regular  monthly  meeting  in  Nashville,  Tenn.,  March 
12,  the  standing  Committee  on  Highways  was  announced  as  fol- 
lows :  J.  R.  Carter,  Birmingham,  Ala.;  B.  T.  Burchard,  Fer- 
naudina,  Fla. ;  A.  V.  Gude,  Atlanta,  Ga. ;  E.  L.  Corthell,  Chi- 
cago, 111.;  C.  O.  Bradford,  New  Albany,  Ind.;  John  McLeod, 
Louisiilie,  Ky. ;  J.  Kruttschnitt,  New  Orleans,  La.;  William 
Stickney,  Buffalo,  N.  Y.;  W.  Starling,  Greenville,  Miss.;  W. 
H.  Bi.xby,  Wilmington,  N.  C. ;  S.  Whinery,  Cincinnati,  O. ;  E. 
C.  Lewis,  Nashville,  Tenn.;  C.  W.  Richardson,  Richmond, 
Va.  This  Committee  includes  one  member  from  each  State 
represented  in  the  Association. 

President  Atkinson  invited  the  Association  to  hold  its  main 
meeting  at  Earlington,  Ky.,  in  the  western  coal-field,  and  the 
invitation  was  accepted. 

Mr.  C.  J.  Norwood,  Slate  Inspector  of  Mines  of  Kentucky, 
read  a  paper  on  Mine  Inspection,  giving  a  complete  exhibit  of 
the  present  status  of  the  91  mines  in  Kentucky  subject  to  in- 
spectioti,  both  as  to  the  general  character  of  the  mines,  the  kind 
of  ventilation  and  safety  appliances  used.  The  inspection  of 
mines  in  the  States  was  first  begun  in  1884.  At  present  ven- 
tilation by  natural  means  is  prohibited.  Fans  are  used  at  16 
mines  and  ventilating  furnaces  at  the  rest.  The  law  requires 
100  cub.  ft.  of  air  per  man  per  minute  to  be  delivered  into 
mines,  and  headings  are  not  allowed  to  be  opened  more  than 
60  ft.  in  advance  of  air  supply.  It  also  requires  safety  cages 
ori  all  hoisting  cages.  Fire-damp  has  been  found  in  only  10 
mines  in  the  State,  and  explosions  have  occurred  in  only  two. 
The  principal  accidents  have  been  caused  by  the  falling  of 
roofs,  blasting  and  dust  explosions.  Maps  of  the  workings  of 
each  mine  are  required  to  be  filed  twice  a  year.  The  law  has 
been  generally  complied  with  by  mirie  owners  without  compul- 
sion, and  the  sentiment  is  in  favor  of  close  inspection. 


Alabama  Industrial  &  Scientific  Society.— The  first  reg- 
ular meeting  was  held  in  Birmingham,  January  28.  It  was 
stated  that  85  members  have  joined  the  Societv.  The  officers 
are  :  President,  Cornelius  Codle,  Jr.;  Vice-Pres'idents,  Thomas 
aeddon,  W.  E.  Robertson,  C.  P.  Williamson,  M.  C.  Wilson, 
and  Horace  Harding  ;  Secretary,  William  B.  Phillips  ;  Treas- 
urer, Henry  McCalla. 

The  President  made  an   address  on  the  Work  of  the  Society, 
and  the  best  means  of  carrying  it  out.     Mr.  W.  Haskell  read  a 
paper  on  Mine  Surveying,  which  was  discussed. 
^  Resolutions  were  passed  requesting  the  President  to  present 

petition  to  the  Legislature  for  an  increased  appropriation  for 
IJIy'^^ .  8;'cal  Survey  of  the  State.  The  next  meeting  will  be 
'»eld  at  Anniston  in  ApriL 


inf'^J!^  Engineers'  Society  of  St.  Paul.— The  regular  meet- 
Min  "^'■y   2,    was  the  joint   meeting  of  the  St.  Paul  and 

by  a"^^  HH      ^°*^'*^'*S'  *"d  was  opened  by  a  dinner,  followed 
nom"  ^'^^'■^ss  of  welcome  to  the  visitors.     A  committee  was 
™'nated  to  prepare  a  memorial  of  the  late  J.  L.  Gillespie, 


and  the  Secretary  was  directed  to  accept  the  gift  of  28  volumes 
from  his  estate. 

Mr.  Van  Duzee,  of  the  Minneapolis  Society,  read  a  paper  on 
Sewer  Construction  in  Minneapolis,  giving  the  history  and  the 
general  plan  of  the  system.  There  are  now  80  miles  of  sewer 
in  the  city,  20  miles  of  which  were  built  last  year,  wholly  by 
day  labor.  The  greater  part  of  the  storm  water  is  carried  off 
by  intercepting  sewers,  and  all  the  sewers  are  flushed  automat- 
ically. 

This  was  followed  by  a  discussion  on  Mr.  Miinster's  paper,  read 
at  the  January  meeting,  on  a  Short  Method  to  Results  obtained 
by  Gordon's  Formula,  his  method  being  generally  indorsed. 


At  the  regular  meeting,  March  2,  it  was  decided  to  accept 
the  offer  of  rooms  in  the  Court  House  ;  and  other  business  was 
transacted,  including  arrangements  for  future  meetings.  John 
B.  Hawley  and  C.  F.  HoUingsworth  were  elected  members. 


Engineers'  Club  of  Duluth. — This  Club  was  organized  at 
Duluth,  Minn.,  February  21,  when  the  following  officers  were 
elected  :  President,  William  B.  Fuller  ;  Vice-President,  L.  F. 
Brewster ;  Secretary,  M.  W.  Lewis  ;  Treasurer,  F.  B.  Ed- 
wards ;  Librarian,  S.  A.  Parsons. 

It  was  decided  to  hold  regular  meetings  on  the  second  Satur- 
day of  each  month.. 


Engineers'  Club  of  St.  Louis.— At  the  regular  meeting, 
February  4,  it  was  resolved  to  purchase  the  library  of  the  late 
Mr.  Whitman,  the  money  to  be  raised  by  subscription. 

Professor  M.  A.  Howe  read  a  paper  on  Sttength  of  American 
Vitrified  Sewer  Pipe,  giving  the  result  of  a  number  of  experi- 
ments made  to  determine  the  strength  of  such  pipe.  These  ex- 
periments included  tests  to  determine  what  load  of  water  would 
burst  the  pipe  ;  to  ascertain  the  behavior  of  the  pipe  when  sub- 
jected to  sudden  blows  ;  to  determine  the  load  a  length  of  pipe 
would  sustain  at  the  center  when  supported  at  both  ends  ;  to 
determine  the  maximum  pressure  pipe  will  stand  when  sur- 
rounded by  sand,  and  to  determine  the  strength  of  cement  joints. 
This  paper  was  generally  discussed  by  members  present. 


At  the  regular  meeting,  March  4,  A.  J.  O'Reilly  and  I.  O. 
Walker  were  elected  members.  A  memorial  of  the  late  S.  F. 
Bennet  was  presented.  The  Committee  was  instructed  to  pur- 
chase portraits  of  Captain  J.  B.  Eads  and  C.  Shaler  Smith. 

Mr.  N.  W.  Perkins,  Jr.,  read  a  paper  on  Brick-making  Ma- 
chinery, which  sketched  the  history  of  brick-making,  and  de- 
scribed in  detail  a  number  of  the  machines  now  in  use.  This 
paper  was  generally  discussed  by  members  present. 


Engineers'  Club  of  Kansas  City. — The  oflScers  of  this  Club 
elected  at  the  February  meeting  are  :  President,  F.  t.  Sickles  ; 
Vice-Presidents,  F.  W.  Tuttle  and  W.  Kierstead  ;  Treasurer, 
W.  Stone  ;  Librarian,  V.  Wiitmer  ;  Directors,  J.  A.  L.  Wad- 
dell  and  E.  J.  Farnsworlh. 


Denver  Society  of  Civil  Engineers.— The  officers  of  this 
Society  for  the  ensuing  year  are  :  President,  George  G.  Ander- 
son ;  Vice-Presidents,  R.  D.  Hobart  and  J.  S.  Titcomb  ;  Sec- 
retary and  Treasurer,  George  W.  Angell.  The  papers  read  so 
far  this  season  have  been  as  follows  : 

February  24,  The  Cafions  of  the  Colorado,  by  W.  H.  Graves. 

March  10,  Recent  Improvements  in  Mining  Machinery,  by 
John  McNeil,  E.  J.  Hall,  and  George  L.  Ramsay. 

March  24.  Underground  Surveying,  by  George  Holland,  J. 
S.  Luckraft,  and   L.  S.  Preston. 

The  President's  annual  address  was  delivered  at  the  meeting 
of  February  10.  In  the  April  meetings  papers  will  be  presented 
on  Bridges  and  on  Irrigation. 


Montana  Society  of  Civil  Engineers.— On  January  17  the 
members  of  this  Society  made  a  special  visit  to  the  works  of  the 
Montana  Company,  at  Marysville,  where  there  was  a  general 
inspection  of  the  mills  and  mines  of  the  Company  and  a  short 
meeting  was  held. 

In  the  evening  a  meeting  was  held  in  Helena,  at  which  the 
annual  report  of  the  Secretary  was  submitted  showing  the  ex- 
penditures during  the  year  to  be  $272,  and  a  balance  of  $63  on 
hand.  The  Association  has  now  57  active  and  three  associate 
members,  a  net  increase  of  8  during  the  year.  Ten  regular  and 
two  special  meetings  were  held. 
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The  following  officers  were  then  elected  for  the  ensuing  year  : 
President,  Elliott  H.  Wilson  ;  First  Vice-President,  John  Her- 
ron  ;  Second  Vice-President,  George  H.  Robinson  :  Secretary 
and  Librarian,  James  S.  Keerl  ;  Treasurer,  Albert  S.  Hovey  ; 
Trustee  for  three  years,  W.  W.  de  Lacy. 

The  new  President  then  made  a  short  address.  The  meeting 
was  concluded  by  a  dinner  at  the  Hotel  Helena,  which  was 
much  enjoyed,  and  at  which  toasts  were  proposed  and  re- 
sponded to  as  follows:  "Old  Times  in  the  Northwest," 
Colonel  W.  W.  de  Lacy  ;  "  Futur..^  of  Engineering,"  John 
Herron  ;  "  Matrimony  and  its  Relations  to  Engineering,"  A. 
S.  Hovey;  "The  Railroad  Engineer,"  H.  J.  Horn,  Jr.; 
"  Mining  Engineering,"  A.  B.  Knight  and  C.  W.  Goodale  ; 
"  The  Law,"  Judge  Hiram  Knowles  ;  "  Engineering  Soci- 
eties," J.  S.  Keerl  ;  "  The  Ladies,"  E.  H.  McHenry  ;  *'  Sur- 
veying in  1730,"  Judge  H.  H.  Blake. 


Technical  Society  of  the  Pacific  Coast. — At  the  regular 
meeting  in  San  Francisco,  February  2,  Mr.  J.  Richards  read  a 
paper  on  Abrasive  Cutting  in  the  Mechanic  Arts,  which  was  dis- 
cussed. This  is  to  be  followed  by  another  paper  on  the  same 
subject. . 


At  the  regular  meeting,  March  6,  Constructor  A.  W.  Stahl, 
U.  S.  N.,  read  a  paper  on  the  Theory  of  Wave  Motion,  which 
was  generally  discussed. 


Tacoma  Society  of  Civil  Engineers.— At  the  regular  meet- 
ing, in  Tacoma,  Wash.,  February  20,  Walter  M.  Bosworth  read 
a  paper  on  Electricity  as  a  Motive  Power. 

Mr.  J.  V.  Browne  read  a  paper  on  Comparative  Sirength  of 
Washington  and  Eastern  Timber,  in  which  he  said  that  the  fir 
and  pine  of  Washington  were  noted  for  their  great  strength. 


Southern  &  Southwestern  Railway  Club.— A  regular 
meeting  was  held  in  Chattanooga,  Tenn  ,  February  19.  The 
first  subject  for  discussion  was  Brakes  Hung  to  the  Car  Body 
vs.  those  Suspended  from  the  Truck.  This  was  opened  by  a 
paper  prepared  by  Mr.  J.  J.  Casey,  who  advocated  hanging 
from  the  'truck.  The  discussion  was  continued  by  Messrs. 
Meehan,  Gibbs.  Leeds,  Burgess,  Setchel,  Howson,  Patterson, 
Thomas  and  others,  a  variety  of  views  being  expressed. 

The  second  subject  for  discussion  was  Means  of  Preventing 
the  Forgery  of  Detect  Cards,  upon  which  a  number  of  members 
spoke.  Mr.  Gibbs  gave  a  number  of  instances  in  which  forged 
cards  had  been  sent  with  cards,  and  a  specimen  card  was  pre- 
sented so  arranged  as  to  make  alterations  difficult  or  impossible. 

It  was  decided  to  hold  the  next  meeting  in  Memphis,  Tenn., 
and  the  subjects  chosen  were  Breaking  of  Side  Rods,  and  Ex- 
haust Nozzles. 


Western  Railway  Club. — At  the  January  meeting,  in  Chi- 
cago, Mr.  W.  H.  Marshall  read  a  paper  on  Vertical  Plane 
Couplers  and  Air-Brakes,  which  called  out  a  long  discussion. 
Mr.  D.  L.  Barnes  read  a  short  supplement  to  his  paper  on  the 
same  subject,  which  was  presented  at  the  December  meeting. 
The  main  point  made  in  the  discussion  was  that  the  use  of  the 
vertical  plane  coupler  was  very  important  in  connection  with  the 
introduction  of  air  brakes  on  freight  car?. 

Mr.  J.  N.  Barr  then  read  an  interesting  paper  on  Irregular 
Wear  of  Locomotive  Tires,  which  was  accompanied  by  a  num- 
ber of  diagrams  and  tables.  The  discussion  of  this  paper  was 
postponed  until  the  next  meeting. 


Northwestern  Track  &  Bridge  Association. — The  reg- 
ular meeting  was  held  in  St.  Paul,  February  13.  Discussions 
were  had  on  Mr.  Pearson's  paper  on  the  Temporary  Expedi- 
ences in  Case  of  Fire  and  Washout,  and  also  on  Rail  Joints. 

Mr.  B.  T.  Mclver  read  a  paper  on  the  Best  Clamphead  for 
Lower  Chord  of  Howe  Truss  Bridges. 


At  the  annual  meeting  in  St.  Paul,  the  following  officers  were 
elected  :  President,  John  McMillan  ;  Vice-President,  A.  Amos  ; 
Secretary,  D.  W.  Meeker  ;  Treasurer,  John  Copeland.  The 
President  made  an  excellent  address,  reviewing  the  year's 
work. 

The  paper  on  Preserving  Ties  presented  at  the  previous  meet- 
ing wa"»  generally  discussed. 

Mr.  J.  Kindelan  read  an  interesting  paper  on  Rail-joints,  de- 
scribing a  large  number  of  joints  devised  and  in  use. 


NOTES  AND  NEWS. 


A  New  Pavement. — Some  time  ago  an  experimental  section 
of  street  pavement  composed  of  wooden  blocks  and  cast-iron 
supporters  was  laid  down  in  Sheffield,  England.  The  accotn. 
panying  engravings,  from  Iron,  illustrate  a  further  experiment 
in  the  same  town  on  similar  lines,  but  instead  of  cast-iron,  as 
in  the  former  case,  wrought  steel  is  used  in  combination  witji 
wood.  In  place  of  the  cast-iron  upright  stud  of  a  cruciform 
section  previously  used  at  the  angles  of  the  blocks,  there  it 
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now  an  angle-piece  of  steel  (fig.  i)  having  a  base  or  foot  which 
rests  directly  on  the  concrete  foundation.  The  advantages  of 
steel  over  cast-iron  are  obvious,  but  the  difficulty  has  been  to 
adapt  steel  in  such  form  as  would  be  producible  without  mak- 
ing the  cost  so  great  as  to  preclude  its  general  adoption.  The 
first  piece  of  combined  wood  and  iron  paving  has  now  been  in 
use  three  years,  and  shows  little  or  no  sign  of  wear.  The 
piece  described  in  our  previous  notice  is  still  in  use  under  ex- 
ceptionally heavy  traffic.  The  third  piece,  which  comprises 
about  100  square  yards,  has  been  laid  down  in  Queen  Street, 
Sheffield,  where  there  is  a  great  amount  of  traffic.  Half  of  it  is 
in  cast-iron,  but  of  much  lighter  construction  than  that  in  Savile 
Street,  the  other  half  is  in  steel,  as  shown  in  fig.  2  of  our  en- 
gravings. It  has  been  in  use  seven  months.  This  pavement 
is  made  by  the  Carmaxill  Road  Paving  Company,  of  Sheffield. 

Heating  Metals  by  Electricity.— An  illustration  of  a  simple 
adaptation  of  the  transformability  of  electrical  energy  to  an 
industrial  end  is  afforded  by  a  recent  German  patent  for  a  proc- 
ess and  apparatus  for  superheating  metals  already  fused.  A 
glance  at  the  accompanying  figure  (fig.  i),  which  represents  a 
longitudinal  section  of  the  apparatus,  will  show  the  plan 
adopted.  A  cast-iron  box  A,  capable  of  being  divided  into 
two  parts,  is  packed  full  of  any  suitable  refractory  material, 


Flu  1  — Apjjai-atus  foi  Superlieating  Molten  Metal.  - 
such  as  sand,  fire-clay,  or  magnesia,  and  a  channel  B  formed 
therein,  funnel-shaped  at  th;  top,  becoming  parallel-sided  when 
it  has  reached  a  horizontal  position  and  taking  an  upward  curve 
at  C  before  the  end  of  the  box  is  reached.  Two  electrodes  D 
and  E  pass  through  stuffing-boxes  packed  with  asbestos  or  some 
similar  material  at  once  capable  of  withstanding  heat  and  of 
acting  as  an  insulator.  The  metal  to  be  superheated  flows  m 
at  B,  passes  along  the  horizoijtal  channel,  serves  as  a  conductor 
between  D  and  E,  and  has  its  temperature  raised  thereby,  and 
escapes  at  C.  Consider  the  simplicity  of  such  a  method  com- 
pared with  any  more  usual  mode  of  heating.  With  a  common 
furnace  fuel  would  have  to  be  burned  in  a  refractory  chamber 
surrounding  the  vessel  containing  the  liquid  to  be  superheated. 
If  a  continuous  flow  were  required  this  vessel  would  take  the 
form  of  a  tube,  through  whose  walls  every  unit  of  heat  imparted 
to  the  liquid  would  have  to  be  transmitted,  while  the  surface 
from  which  radiation  could  take  place  would  not  be  that  of  the 
tube  itself  but  of  the  necessarily  larger  chamber  surrounding 
it. — London  Eltctrician. 

Pumping  Work  at  Bay  City. — The  pumping  plant  of  the 
waterworks  at  Bay  City,  Mich.,  under  charge  of  Superintend- 
ent E.  L.  Dunbar,  includes  one  Gaskill  horizontal  compouna 
condensing  crank    and  fly-wheel  pumping   engine,    maxirouffl 
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acity  5,000,000  gallons  in  24  hours  ;  one  Holly  quadruplex 
"mpound  condensing  crank  and  fly-wheel  pumping  engine, 
maximum  capacity   3.000,000  gallons   in  24  hours  ;    one  hori- 

ntal  high-pressure  piston  engine,  driving  through  gears  two 
Wo  10  Holly  rotary  pumps,  maximum  capacity  2,500,000  gal- 
I  ns  ill  24  hours.  There  are  three  horizontal  return  tubular 
hollers,  each  5  ft.  6  in.  diameter  and  16  ft.  long,  with  105  tubes 
ni  in.  diameter.  The  boilers  are  set  in  separate  brick  arches 
Ind  the  fuel  used  is  slabs  and  edgings  from  the  saw-mills. 

The  total  work  done  by  the  pumps  last  year  was  as  follows  : 

Time  run.  Water  pumped. 

Gaskill  engines 8,674  hrs.     o  m.         975.759.367  gals. 

Ouadruplex  engines 87     "     54"  11,885,445 

Rotary  pumps 19     "     19  "  1,126,641     " 

Total  8,781  hrs.  13  m.        988,771,453  gals. 

Of  the  water  pumped  there  was,  under  ordinary  or  domestic 
pressure— average  41.6  lbs.— 970,324,930  gallons  ;  under  fire 
pressure— average  86.5  lbs.— 18,446,523  gallons.  The  greatest 
quantity  pumped  in  one  day  was  3,510,694  gallons  ;  the  least, 
2.038,457  gallons. 

There  was  used  2,822  cords  of  wood — estimated  equal  to  776 
tons  of  coal — the  average  cost  being  65.8  cents  per  cord.  The 
cost  of  pumping  was  as  follows  : 

For  fuel.  Total. 

Total  cost  for  the  year $1,845,00  $6,077.63 

Cost  per  million  gallons  pumped 1.87  615 

Cost  per  million  gallons  raised  100  ft. . .  1.64  5.39 

The  total  cost  includes  fuel,  supplies,  salaries,  and  repairs. 
The  average  lift  of  all  the  water  pumped  was  114  ft.  from  the 
surfacfe  of  the  water  in  the  wells. 

The  quantity  of  water  supplied  was  the  greatest  ever  used  in 
one  year.  The  record  of  the  works  for  the  year  was  an  excel- 
lent one. 

The  Sault  Water-Power. — The  citizens  of  Sault  Ste.  Marie, 
who  bonded  the  town  for  $500,000  to  help  the  water-power 
project,  expect  English  capitalists  to  take  hold  of  the  enter- 
prise. The  report  of  Colonel  Hope,  a  celebrated  Scotch  en- 
gineer, is  entirely  favorable  to  the  scheme,  and  was  made  at 
an  expense  of  $20,000.  Colonel  Hope  made,  for  the  first  time, 
a  survey  of  the  amount  of  water  which  passed  through  the 
river.  On  the  plans  of  the  survey  the  force  will  be  70,000  H.P., 
which  will  be  placed  to  consumers  at  $6  per  H.P.  per  annum. 
The  principal  use  of  the  power,  according  to  plans  of  the  pro- 
moters, will  be  in  grinding  pulp,  the  surrounding  country  fur- 
nishing immense  amounts  of  spruce  and  balsam,  which  make 
the  very  best  of  paper  fiber.  It  will  doubtless  also  be  used  for 
running  stamp-mills  for  the  reduction  of  lean  silver,  nickel  and 
copper  ores,  which  would  not  pay  if  the  reduction  was  made 
by  steam.  It  is  proposed  to  line  the  canal  with  stone  at  an 
expense  of  $2,000,000  and  make  it  as  solid  and  permanent  as 
\>ossib\e.— Marine  /Review. 

The  Greatest  Ocean  Depths. — Rear-Admiral  George  Belk- 
nap, U.  S.  N.,  read  a  paper  in  October  before  the  Asiatic 
Society  of  Japan,  on  the  depth  of  the  Pacific  on  the  6ast  coast 
of  Japan,  with  a  comparison  of  other  ocean  depths.  He  gave 
intertsting  details  of  his  own  experience  while  surveying  a 
cable  route  on  the  east  coast  of  Japan  and  along  the  Aleutian 
chain  and  Alaska  to  Puget  Sound.  His  conclusions  are  that  a 
trough  of  extraordinary  depth  and  extent  exists  along  the  east 
coast  of  Japan  and  the  Kurile  Islands.  From  his  own  investi- 
gations and  a  study  of  the  data  obtained  by  previous  researches, 
Admiral  Belknap  advances  the  interesting  proposition  that  "as 
a  rule  the  deepest  water  is  found  not  in  the  central  parts  of  the 
great  oceans,  but  near,  or  approximately  near,  the  land,  whether 
of  continental  mass  or  island  isolation." 

The  Bulletin  of  the  American  Geographical  Society,  review- 
ing the  work  done,  shows  that  the  Challenger  discovered  the 
great  depression  of  4.075  fathoms  in  the  North  Pacific  near 
Jjuam  ;  that  the  United  States  Coast  Survey  steamer  Blake 
•ound  a  depth  of  4,561   fathoms  in  the  North  Atlantic  near 

uerto  Rico  ;  and  that  the  British  surveying  steamer  Egeria 
ound  depths  of  4,428  fathoms,  4,295  fathoms,  and  4,530 
laihoms  near  the  Friendly  and  Cook  Islands  in  the  North 
^^^^^•—Goldthwaite's  Geographical  Magazine. 
.  ^he  greatest  of  these  ocean  depths,  that  found  by  the  Blake, 
s  equal  to  5.183  miles,  showing  that  the  inequalities  of  the 
cean  bed  are  fully  as  great  as  any  on  the  land  surface. 

th  t  P^S'nning  of  Iron  Making  in  America. — It  is  certain 
•  ,  ^'  ^-ynn,  in  the  Province  of  Massachusetts  Bay,  was  cast, 
^.,  ^  y^^f  1645,  the  first  piece  of  hollow  ware  made  in  America 
Th'  *  P"^*"  ■''on  pot  capable  of  containing  about  one  quart." 
's  pioneer  of  all  American-made  castings  was  in  existence  in 


1844,  but  recent  efforts  to  ascertain  its  whereabouts  have  been 
unsuccessful.  The  works  at  Lynn  appear  to  have  been  very 
prosperous  for  a  number  of  years  ;  but  after  a  time  they  be- 
came unpopular,  owing  to  the  flowage  of  lands  by  their  dam, 
and  the  great  destruction  of  timber  for  fuel. 

The  Rev.  William  Hubbard,  writing  in  1677,  says  they  were 
"  strenuously  carried  on  for  some  time,  but  at  length,  instead 
of  drawing  out  bars  of  iron  for  the  country's  use,  thtre  was 
hammered  out  nothing  but  contentions  and  lawsuits."  Just 
about  this  time  Samuel  Butler  was  writing  his  great  poem  in 
which  he  makes  Hudibras  say  : 

Alas  !  what  perils  do  environ 

The  man  who  meddles  with  cold  iron  I 

a  reflection  which  has  been  sadly  appropriate  in  the  case  of  too 
many  American  iron  works. 

After  the  establishment  of  this  first  successful  "  furnace" 
and  "  foundery"  at  Lynn,  works  for  the  manufacture  of  iron 
were  erected  in  other  parts  of  New  England,  and  thence  the 
business  spread  into  New  York,  New  Jersey.  Pennsylvania, 
and  Maryland.  During  the  "  French  War"  (175«;)  there  were 
a  number  of  furnaces  in  operation  at  which  "  cannon,  bombs, 
and  bullets"  were  made  in  great  quantity,  and  many  of  these 
iron  works  furnished  similar  supplies  to  the  Continental  Army 
during  the  Revolution. —  W.  F.  Durfee,  in  Popular  Science 
Monthly  for  December. 

Sand-Drier  for  Locomotives. — The  accompanying  illustra- 
tions show  an  improved  sand-drier  for  locomotives,  invented 
by  Mr.  J.  Macdonald,  of  Tokyo,  Japan,  and  which  is  intended 
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for  use  especially  in  damp  climates,  where  the  sand  is  apt  to 
take  up  moisture  and  clog  the  pipes.  In  the  illustrations,  fig.  i 
represents  a  vertical  section  of  the  drier,  fig.  2  is  a  plan,  and 
fig.  3  shows  the  arrangement  as  fitted  ;  A  is  the  sand-box,  B  is 
the  sand-valve,  and  C  the  stirrer.  An  annular  steam  chamber 
D  surrounds  the  sand  outlet  pipe  E,  and .  is  supplied  with 
steam  by«means  of  a  small  copper  tube  F,  a  drip-valve  G  being 
also  provided  to  run  off  the  water  of  condensation.  The  sand- 
pipe  is  capable  of  vertical  adjustment,  and  is  secured  in  any 
desired  position  by  the  set-screw  //,  and  by  a  piojeciion  or 
nib  on  the  pipe  which  fits  into  one  of  the  annular  recesses. 
We  are  informed  that  this  apparatus  has  been  in  use  on  a  large 
number  of  locomotives  for  some  time  in  humid  climates,  with 
complete  success.  One  line  on  which  ii  is  used  has  a  prevail- 
ing gradient  of  66  ft.  to  the  mile  for  14  miles. — Industries. 

Price  of  Gas  in  England. — The  Fngineers^ys  that  the  prices 
of  gas  supplied  by  the  various  companies  throughout  the  coun- 
try during  the  past  year  varied  from  is.  9</.  =  40  cents  per 
1,000  ft.  at  Plymouth  to  7^.  M.  =:  $1.80  at  Walton-on-the- 
Naze.  The  prices  of  gas  supplied  by  local  authorities  varied 
from  IS.  lod.  —  44  cents  at  Leeds  to  6j-.  yl.  =  $1.50  at  Bethesda. 
in  North  Wales.  It  is  noteworthy  that  while  Plymouth  at  is. 
gd.  =  40  cents  and  Leeds  at  is.  lod.  =  44  cents  made  a  profit, 
Bethesda  at  6s.  yi-  ==  $i-50  did  not  produce  suflScient  revenue 
to  pay  expenditure.  Local  authorities  average  2O7  cub.  ft.  per 
ton  of  coal  carbonized  less  than  companies. 

In  New  York  the  price  is  now  .^1.25  per  r,ooo  ft.  Con- 
sumers will  wish  that  a  pipe  line  was  possible  between  here  and 
Plymouth. 
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A  Light  Mogul  Locomotive. — The  accompanying  illustra- 
tion shows  one  of  30  locomotives  built  by  the  Swiss  Locomotive 
&  Machine  Works  at  Winlerthur,  Switzerland,  for  the  Uleaborg 
Extension  of  the  Finland  State  Railroads.  This  extension  runs 
to  Uleaborg,  which  is  on  the  Gulf  of  Bothnia,  in  latitude  65° 
N.,  and  is  notable  as  being  the  most  northerly  railroad  in  the 
world,  with  the  exception  of  one  line  in  Sweden. 

The  engine  is  distinctly  of  the  American  type  of  mogul  en- 
gine, with  outside  cylinders,  Bissell  truck,  etc.:  the  main  di£fer- 


mens,  viz.,  test  piece  and  standard,  are  placed  at  opposite  ends 
of  a  diameter  of  the  rotating  plate,  against  which  they  are 
pressed  bv  equal  weights.  The  standard  used  is  Yvetie  sand. 
stone,  and  first-class  materials  have  a  coefficient  of  from  i  to 
1.40,  while  with  second-rate  materials  the  coefficient  is  between 
1.40  to  2.40 ;  if  the  wear  is  greater  than  that  represented  by  the 
latter  figure,  the  material  is  rejected.  An  additional  test  is 
made  by  placing  specimens  of  the  stones  to  be  tested  in  a  cyl. 
inder,  which,  like  those  used  in  clearing  scrap  iron  from  rust 
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ences  are  in  the  use  of  the  plate  frame  and  the  four-wheeled  ten- 
der. The  engine  has  .cylinders  15  in.  in  diameter  and  20  in. 
stroke  ;  the  driving  wheels  are  4S.8  in.  in  diameter,  and  the  truck 
wheels  30.7  in.  The  total  wheel-base  is  18  ft.  8  in.;  the  rigid 
wheel-base  12  ft.     The  gauge  of  the  road  is  5  ft. 

The  boiler  is  built  to  carry  a  working  pressure  of  150  lbs.;  it 
is  of  steel,  while  the  fire-box  is  of  copper,  made  deep  and  nearly 
square.  The  fuel  used  is  wood.  The  forward  driving  wheel 
springs  are  equalized  with  the  truck.  The  engine  weighs  56,400 
lbs.  in  working  order,  46,400  lbs.  being  on  the  drivers. 
•'  The  tender  is  carried  on  four  36-in.  wheels.  The  tank,  which 
holds  990  galls.,  is  box-shaped,  leaving  the  upper  part  of  the 
tender  open  for  wood.  The  tender  weighs  30,900  lbs.  in  work- 
ing order. 

rr  Baltimore  Belt  Tunnel. — Work  has  been  begun  on  the 
fourth  section  of  the  new  Baltimore  Belt  Line  by  the  contract- 
ors Ryan  &  McDonald.  This  section  includes  the  Howard 
Street  tunnel,  which  is  the  most  important  work  on  the  line. 
Another  treading  will  shortly  be  begun  from  the  south  end  of 
the  tunnel,  so  that  work  will  be  progressing  at  both  ends  at 
once,  and  it  is  the  intention  to  sink  several  shafts  to  hasten  the 
progress  of  the  work.  In  driving  this  tunnel  temporary  timber 
supports  will  be  used  to  support  the  roof  and  sides.  The  ex- 
cavation will  be  large  enough  to  allow  for  a  masonry  lining, 
which  will  be  necessary  throughout  the  length  of  the  tunnel. 

Testing'Paving-Stones. — The  following  plan  of  testing  the 


is  mounted  and  rotates  on  an  axis  which  does  not  coincide  with 
its  center  of  figure.  The  amount  of  detritus  produced  after  the 
material  has  been  treated  for  a  certain  time  in  this  machine  is 
compared  with  that  from  a  standard  rock  under  the  same  con- 
ditions. 

Aeronautics  and  Electricity. — In  order  to  show  the  appli- 
cation of  electricity  to  aerial  navigation,  a  captive  balloon, 
capable  of  seating  10  persons,  'will  be  exhibited  by  Captain 
Rodeck  at  the  forthco'ming  Frankfort  Exhibition.  The  pulley 
which  controls  the  ascent  and  descent  will  be  operated  by  an 
electric  motor,  and  a  telephone  wire  will  enable  conversation 
to  be  carried  on  between  those  in  the  balloon  and  the  people 
at  the  starting-point  below.  Experiments  will  be  made  with 
the  view  to  the  steering  of  the  balloon  by  electricity,  and  in 
the  filling  of  the  balloon  with  electrically  prepared  water  gas, 
Messrs.  Siemens  &  Halske  will  make  the  electrical  apparatus. 

The  Malleco  Viaduct.— The  accompanying  illustrations, 
figs.  I  and  2,  for  which  we  are  indebted  to  our  contemporary, 
La  Nature,  represent  a  viaduct  which  was  opened  for  traffic  in 
October  last,  and  which  conveys  the  Chilian  State  Rfiilroad 
across  a  deep  valley,  at  the  bottom  of  which  runs  the  River 
Malleco,  near  Collipulli,  in  the  southern  part  of  Chili.  The 
viaduct,  which  is  constructed  entirely  of  steel,  has  a  height  of 
333  ft.  from  the  level  of  the  river,  and  is  composed  of  five 
spans,  each  232  ft.  in  length.  The  total  length  of  the  viaduct  is 
1,419  ft.,  the  length  of  the  steel  portion  being  1,160  ft.     The 


comparative  value  of  paving-stones  is  adopted  at  the  Paris 
Laboratory  for  Testing  Materials  :  A  sample  of  the  rock  of 
regular  form  is  placed  upon  a  horizontal  plate,  rotating  round 
a  vertical  axis,  and  pressed  against  it  by  suitable  contrivances. 
The  wear  is  then  compared  with  that  of  a  standard  material 
under  the  same  conditions.  The  coefficient  of  wear  is  the  pro- 
portion between  the  volumes-  worn,  which  can  easily  be  ascer- 
tained by  weighing  the  specimens,  and  determining  the  volume 
from  this  weight,  and  the  specific  gravity  of  the  material  in 
question.     The  rotating  surface  is  cast-iron.     The  two  speci- 


depth  of  the  girders  forming  the  superstructure  of  the  viaduct 
is  23J  ft.,  while  the  rails  aie  laid  at  a  height  of  about  3-7  ''• 
from  the  level  of  the  river.  The' total  weight  of  the  viaduct  is 
1,550  tons.  The  designs  were  prepared  by  a  Chilian  engineer, 
Mr.  V.  Aurelio  Lastaria,  and  the  whole  of  the  steel  work,  whicn 
was  erected  under  the  supervision  of  Mr.  E.  Vigneaux,  w*s 
supplied  by  Messrs.  Schneider  &  Company,  Creusot,  France. 

The  great  difficulty  of  this  undertaking  was  due" to  the  ex- 
treme steepness  of  the  banks  of  the  ravine,  and  a  great  deal  0. 
time  was  taken  in  getting  the  material  into  position. 
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The  offices  of  the  Railroad  and  Engineering  Jour-j 
N.\L  were  removed  on  May  i  to  the  new  building  Nos.  45J 
47  and  49  Cedar  Street.  The  correct  address  of  the  JouR- 
.\AL  is  now,  therelore,  No.  47  Cedar  Street,  New  York  City, 


Ax  important  order  has  been  issued  by  the  Secretary  of 
the  Navy  vacating  all  positions  of  foremen  and  master  me- 
chanics in  the  New  York  Navy  Yard  from  June  i.  These 
positions  are  thereafter  to  be  filled  by  competitive  examin- 
ation, and  a  board  has  been  appointed  to  make  the  ex- 
aminations and  pass  on  the  qualifications  of  the  candi- 
dates. The  examinations  will  be  open  to  all  comers,  who 
are  required  to  make  application  to  the  Commandant  of 
the  yard  by  May  7,  and  to  present  evidence  of  citizenship, 
good  character,  and  of  the  fact  that  they  have  had  experi- 
ence in  that  kind  of  work  in  which  they  seek  employment. 

It  is  understood  that  this  is  the  beginning  of  the  general 
application  of  the  Civil  Service  system  to  all  the  navy 
yards,  and  that  appointments  to  positions  in  all  grades  are 
hereafter  to  be  based  solely  on  qualifications  for  and  ex- 
perience in  the  work.  There  is  no  doubt  that  a  full  appli- 
cation of  this  system  will  secure  a  much  better  force  than 
has  heretofore  been  employed,'  and  that  the  benefits  of  the 
plan  will  soon  be  apparent,  especially  in  the  great  con- 
struction yards  at  New  York  and  Norfolk.  The  examin- 
ations for  the  Norfolk  Yard  will  be  made  by  the  Board  a 
month  later  than  those  at  New  York. 


Iron  production  continues  to  decrease  somewhat,  the 
American  Manufacturer  s  report  for  April  i  showmg  231 
iurnaces  in  blast  on  that  date,  having  a  total  weekly 
capacity  of  113,316  tons  ot  pig  iron.  This  is  a  decrease 
during  April  of  7.6  per  cent,  in  the  number  of  furnaces 
and  of  6.2  per  cent,  in  capacity.  As  compared  with  April, 
'090,  the  decrease  in  number  of  furnaces  in  blast  was  36.1 
per  cent.,  and  in  capacity  39.6  per  cent. 

Part  of  the  reduction  in  April  was  due  to  the  coke  strike 
•'1  ennsylvania,  where  a  number  of  furnaces  now  out  of 
piast  will  start  up  as  soon  as  they  can  obtain  a  steady  sup- 


ply of  fuel.     The  Southern  furnaces  generally  continue  ac- 
tive and  their  production  large. 


The  first  railroad  bulletin  issued 
is  on  the  railroads  of  New  England, 
lowing  comparative  figures  for  the 
and  1889  : 

1889. 


by  the  Census  Oflficc 

and  it  gives  the  fol- 

business    years    1880 


Mileage  of  roads 

Locomotives  m  use  

Passenger-train  cars 

Freight  cars 

Passengers  carried . .  ^  ,>>»ii. 


6,942 

2,151 

3.803 

49.140 

103,374.387 


k88o. 

6,021 

1,616 
3,622 

35,051 
52,221,338 
872,106,355 
24,003,967 
»i394.392.o88 


I  ncrease, 
per  cent. 

»5-7 

33- 1 

45-x 

40.3 

97-9 

77-9 

470 

659 


Passenger-miles   .... ........... ....  1,551,590,703 

Tons  freight  carried 35>295,896 

Ton-miles.»,«i;%i,i.,«.  i.., ....... 8,313,321, 712 

Railroad  trafKc  in  New  England  has  probably  changed 
less  than  in  any  other  section  of  the  United  States  during 
the  past  decade,  but  there  are  still  some  marked  differences 
in  the  table.  Thus,  with  an  increase  of  only  15.7  per  cent, 
in  mileage  there  was  a  gain  of  77.9  per  cent,  in  passenger 
traffic,  and  of  65.9  per  cent,  in  freight  traffic.  The  average 
freight  haul  increased  considerably,  showing  a  relative 
gain  in  through  business,  but  the  average  passenger 
journey  decreased  considerably,  a  result  probably  of  the 
great  growth  of  cities  and  increase  in  suburban  residents. 

The  average  passenger  fare  decreased  from  2.19  to  1.92 
cents  per  passenger-mile,  and  the  average  freight  rate 
from  1.84  to  1.47  cents  per  ton-mile.  The  tendency  to 
lower  rates  exists  here  as  elsewhere,  but  the  reduction  in 
freight  rates  was  less  marked,  owing  to  the  greater  pro- 
portion of  local  and  high-class  freights. 

The  average  number  of  employes  per  100  miles  of  line 
in  1889  was  761,  of  whom  220  were  employed  in  main- 
tenance of  way  and  structures,  121  in  maintenance  of 
equipment,  398  in  conducting  transportation,  and  22  in 
general  administration.  In  ten  years  the  number  of  em- 
ployes per  100  miles  has  increased  about  35  per  cent.,  but 
the  proportion  to  traffic  has  slightly  decreased. 

The  average  equipment  per  100  miles  of  line  last  year 
was  zz  locomotives,  58  passenger  cars,  and  752  freight 
cars.  It  is  to  be  noted  that  there  has  been  a  considerable 
increase  in  the  average  work  done  by  both  locomotives  and 
cars. 

The  increase  in  the  total  income  for  ten  years  was  41.7 
per  cent.,  but  that  in  expenses  was  somewhat  greater,  so 
that  there  was  an  increase  of  only  28.2  per  cent,  in  the  net 
earnings. 

In  a  curious  paper  recently  read  before  the  Geograph- 
ical Society  in  Paris,  M.  de  Lapparent,  a  well-known 
French  Geologist,  has  made  a  careful  calculation  of  the 
amount  of  solid  matter  yearly  carried  off  into  the  ocean 
by  the  action  of  the  rivers  of  the  world  and  by  other 
causes.  He  estimates  that  the  reduction  of  the  average 
height  of  the  siirface  of  the  solid  land  is  0.000155  meter 
(0.006  in.)  each  year.  Making  allowance  for  the  corre- 
sponding rise  in  the  bed  of  the  ocean,  and  taking  no  ac- 
count of  the  occurrence  of  volcanic  and  other  exceptional 
phenomena — the  general  tendency  of  which  is  to  hasten 
tlbe  process  of  disintegration — M.  de  Lapparent  thinks  that 
in  about  4,500,000  years  the  solid  land  will  have  ceased  to 
exist,  and  the  surface  of  the  earth  will  be  covered  with 
water.  By  that  time  our  descendants  of  the  human  race 
will  have  disappeared,  unless  they  should  gradually  de- 
velop into  a  purely  aquatic  species. 
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The  prospect  is  too  remote,  however,  to  cause  us  any 
anxiety,  or  to  make  a  market  for  any  patents  for  marine 
dwellings  or  floating  islands  for  enterprising  inventors. 


The  first  surveying  parties  for  the  Intercontinental  Rail- 
road left  New  York  early  in  April,  under  charge  of  Messrs. 
W.  F.  Shunk  and  J.  Imbrie  Miller  as  Supervising  En- 
gineers. The  parties  included  a  number  of  engineers,  and 
will  begin  their  operations  in  Ecuador.  Other  parties  will 
be  put  in  the  field  shortly  in  Central  America. 


In  our  account  of  the  surveys  of  the  Siberian  Railroad, 
it  was  stated  that  the  building  of  the  Oussouri  section, 
which  extends  from  Vladivostok,  on  the  Pacific  Ocean,  to 
Grafskaia,  on  the  Oussouri,  and  which  is  to  connect  the 
chief  Russian  port  in  Eastern  Siberia  with  the  extensive 
navigable  system  of  the  Amour,  had  been  postponed  for 
the  present.  This  statement  was  true  at  the  time  it  was 
written,  but  since  then  arrangements  have  been  made  for 
the  immediate  commencement  of  work.  The  money  for 
building  the  road  has  been  provided,  and  the  staff  of  en- 
gineers started  from  St.  Petersburg  early  in  March.  These 
engineers  will  be  carried  from  Odessa  to  Vladivostok  on  a 
Russian  war-ship,  and  as  the  voyage  will  take  about  40 
days,  the  opening  of  the  work  was  expected  to  take  place 
early  in  May.  The  Engineer  in  charge  of  construction 
is  Mr.  A.  Oursatti,  who  had  charge  of  the  preliminary  sur- 
veys, and  his  chief  assistant  is  Mr.  T.  Dox. 

As  material  for  construction  is  abundant  along  the  line, 
the  grading  and  other  work  will  proceed  rapidly.  Several 
tunnels  are  required,  but  they  will  not  be  difficult  of  con- 
struction. 

The  actual  commencement  of  work  on  this  end  of  the 
Siberian  Railroad  will  be  made  an  occasion  of  consider- 
able ceremony,  and  the  Czarovitch  will  be  present  at  the 
opening  ceremonies. 

Work  will  soon  be  begun  on  the  line  in  Western  Siberia, 
and  arrangements  are  now  being  made  for  the  preliminary 
works,  construction  of  bridges,  etc. 


PIRACY  IN  THE  FRANKLIN  INSTITUTE. 


r  We  regret  to  be  obliged  to  record  that  the  venerable  and 
dignified  Franklin  Institute  has  been  the  victim  of  un- 
scrupulous imposition.  The  April  number  of  its  Journal 
of  the  Institute  contains  the  first  part  of  a  paper  on  Riveted 
Joints  in  Boiler  Shells,  by  William  Barnet  Le  Van,  which, 
its  readers  are  informed,  was  '*  read  at  the  stated  meeting 
oi  the  Institute,  held  November  19,  1890."  It  is  our  painful 
duty  to  announce  that  the  greater  portion  of  that  part  of 
the  paper  which  is  published  in  the  April  number  of  the 
Journal,  including  the  engravings,  was  copied,  without 
credit  or  quotation  marks,  or,  in  other  words,  was  pur- 
loined from  the  Railroad  Gazette  of  August  12,  1871, 
pages  222  and  223  ;  January  13,  1872,  pages  18  and  19  ; 
and  February  10,  1872,  pages  64  and  65,  where  it  was  pub- 
lished as  editorial  matter.  The  same  articles  were  after- 
ward republished  in  a  little  volume  called  "  Coyne  &  Com- 
pany's Railway  Officials'  Annual,"  issued  by  that  firm 
in  Chicago  in  1872.  The  assumed  author  of  the  paper 
read  before  the  Franklin  Institute  has  published  what  he 
has  copied  from  the  editorial  articles  referred  to,  with 
very  slight  alterations,  and  has  apparently  embodied  it  in 


his  paper,  and  read  it  to  the  Institute  as  his  own  produc 
tion.     This,  it  need  hardly  be   said,  is   a  grave  offense. 
Mr.  Le  Van  is  an  active  member  in  the  Institute,     It  will 
be  interesting  to  learn  what  action  it  will  take  with  refer, 
ence  to  this  delinquency  of  one  of  its  own  members. 


REMOVAL. 


The  office  of  the  Railroad  and  Engineering  Jour. 
NAL  has  been  removed  from  No.  145  Broadway  to  the 
Stokes  Building,  No.  47  Cedar  Street.  To  those  with  a 
limited  acquaintance  with  localities  in  New  York,  it  may 
be  said  that  Cedar  is  the  second  street  north  of  Wall,  and 
runs  parallel  with  it.  The  Stokes  Building  is  a  new  office 
structure  between  Nassau  and  William  streets,  and  is  ten 
storiei  high.  The  office  of  the  Journal  is  on  the  eighth 
floor,  and  overlooks  the  East  River,  Brooklyn  Bridge  and 
city.  A  view  from  one  of  the  windows  of  the  new  office 
is  given  on  another  page.  Our  patrons  and  friends  are 
invited  to  call  and  bring  one  or  more  new  subscribers  with 
them. 


ENGLISH  AND  AMERICAN   LOCOMOTIVES. 


In  reverting  to  this  subject  again  an  explanation,  or  apol. 
ogy  perhaps,  is  due  to  our  esteemed  contemporary.  The 
Engineer,  of  London.  On  January  9  of  this  year  it  pub- 
lished an  article  with  the  following  introduction  : 

Several  weeks  have  passed  since,  in  response  to  a  species  of 
challenge  published  by  the  United  States  En^ineiring  News,  we 
published  a  detailed  statement  of  the  working  expenses  of  the 
principal  railways  of  Great  Britain.  Our  contemporary  main- 
tains a  prudent  silence  concerning  these  figures.  Mr.  Forney 
twits  our  contemporary,  and  announces  that  he  must  take  up 
the  cudgels  himself  for  the  American  locomotive. 

The  copy  of  The  Engineer  referred  to  was  received  in 
this  country  while  the  writer  was  absent  from  home,  and 
on  his  return  his  attention  was  not  called  to  the  article  it 
contained  until  about  two  months  after  it  appeared,  and  it 
was  only  at  that  late  date  that  it  was  known  to  him  that  it 
had  been  written  or  published.  That  is  the  reason  why 
no  reference  has  been  made  to  it  in  these  pages  until  this 
late  date. 

Near  the  close  of  it  the  editor  of  The  Engineer  deposits  a 

chip  on  his  shoulder  by  saying  that  "  probably  Mr.  F ■ 

will  have  something  to  say  in  reply  to  this  article."  It 
seems  desirable  that  a  newspaper  discussion  of  a  subject 
like  this  should,  as  far  as  possible,  be  impersonal,  but  as 
The  Engineer  has  seen  proper  not  to  be  governed  by  that 
by-law  of  the  journalistic  code,  it  remains  only  to  say  that 
the  editor  of  this  paper  does  not  propose  to  abandon  his 
attitude  of  an  independent  commentator  in  this  discussion. 

In  the  sort  of  desultory  skirmishing  in  which  this  Jour- 
nal has  engaged  during  the  somewhat  quadrilateral  dis- 
cussion of  the  subject  under  consideration  we  have  endeav- 
ored to  assume  an  interrogative  rather  than  an  affirmative 
attitude.  In  other  words,  we  have  endeavored  to  be  gov- 
erned by  a  spirit  of  inquiry,  and  will  try  to  ascertain,  if 
possible,  both  the  merits  and  demerits  of  the  locomotives 
which  are  designed  and  built  on  this  and  on  the  other  side 
of  theAtlantic. 

In  the  early  stages  of  this  discussion  Engineering  News 
— somewhat  rashly,  as  we  then  thought — accepted  a  chal- 
lenge from  The  Engineer  '*  to  explain  precisely  in  what 
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way  and  how  the  American  engine  is  a  better  all-round 
machine  than  its  British  contemporary."  Seemingly  it 
would  be  equally  rash  if  The  Engineer  ^o\AA  undertake  to 
"  explain"  the  converse  of  this  proposition. 

It  is  very  much  as  though  a  native  of  South  America 
should  argue  with  a  citizen  of  this  country  that  a  mule  is  a 
better  all-around  beast  of  burden  than  an  American  horse. 
Such  a  discussion  would  probably  be  as  inconclusive  as 
that  of  the  relative  advantages  of  English  and  American 
locomotives  has  thus  far  been.  To  limit  the  arguments  con- 
cerning the  merits  of  mules  and  horses  to  the  one  ques- 
tion of  the  quantity  of  oats  eaten  by  each  per  mile  traveled 
in  ascending  the  Andes  and  in  running  a  race  on  a  race- 
track in  this  country  would  obviously  not  be  much  of  a 
guide  to  a  person  in  Australia  contemplating  the  importa- 
tion of  animals  for  drawing  loads  or  for  cavalry  service. 
The  discussion  of  such  general  and  vague  issues  must 
necessarily  be  unconvincing,  and  that  is  one  reason  why 
we  have  jeered  at  our  contemporaries.  But  it  ought  to 
be  within  the  province  of  engineering  papers  in  this  coun- 
try and  in  England  to  ascertain  exactly  and  definitely  some 
of  the  points  of  superiority  and  of  inferiority  of  their  re- 
spective engines,  and  to  collect  the  evidence  thereof  and 
submit  it  so  as  to  be  more  or  less  decisive  with  reference 
to  the  issues  to  which  it  relates.  We  have  no  intention  of 
even  attempting  to  prove  that  American  locomotives  are 
superior  in  all  points  to  British  engines,  nor  of  admitting 
that  the  latter  are  in  all  respects  better  than  the  former. 
It  surely  implies  a  great  degree  of  ignorance— or  of  preju- 
dice— regarding  the  whole  subject  to  say  that  either  have 
not  points  of  superiority  or  inferiority,  but  if  by  careful, 
candid  and  impartial  discussion  it  can  be  shown  exactly 
wherein  English  locomotives  are  better  than  ours,  and  the 
reason  for  it,  to  that  extent  will  we  be  advantaged  ;  and  if, 
on  the  other  hand,  it  can  be  demonstrated  that  our  ma- 
chines perform  a  given  amount  of  service  at  less  cost  than 
their  English  contemporaries,  to  that  extent  will  our  breth- 
ren on  the  other  side  be  benefited. 

At  the  outset  of  such  a  discussion,  it  would  be  ad- 
vantageous, perhaps,  to  paraphrase  the  question  of  the 
Catechism,  and  inquire  :  What  is  the  chief  end  of  a  loco- 
motive ?  The  editor  of  The  Engineer  appears  from  the 
discussion  to  be  of  the  opinion  that  the  burning  of  the 
least  quantity  of  coal  per  mile  run  is  the  paramount  ob- 
ject to  be  attained  by  locomotives.  Now,  obviously — 
using  the  phraseology  of  the  Catechism  again— neither  of 
these  objects  constitutes  the  "  whole  duty  '  of  a  locomo- 
tive. Such  a  machine  is  an  instrumentality  for  hauling 
passengers  and  freight  from  one  place  to  another,  and  its 
whole  duty  is  to  do  this — under  the  conditions  which 
may  exist  where  it  is  used— at  the  lowest  possible  total 
cost.  To  show  some  ot  the  conditions  under  which 
locomotives  must  work,  the  following  quotations  from  let- 
ters recently  received  from  locomotive  superintendents  are 
given.     One  of  them  writes  : 

I  think  it  as  well  to  draw  your  attention  to  the  circumstances 
under  which  our  road  is  operating,  in  case  you  are  going  to 
compare  our  performance  with  other  roads  not  similarly  situ- 
ated. Our  road  is  an  expensive  one  in  coal,  as  we  are  very  far 
north,  being  blocked  up  with  snow  for  about  seven  months  in  the 
year,  the  thermometer  being  frequently  30"  to  40"  below  zero  in 
some  parts  for  weeks  together  ;  and  you  will  understand  that 
during  the  whole  of  these  six  or  seven  months  we  are  fighting 
against  snow  and  frost — our  largest  movement  of  freight  being 
also  usually  in  this  inclement  season.  I  need  hardly  draw  your 
attention  to  the  extra  quantity  of  coal  that  must  be  used  to  make 
the  necessary  steam  when  the  air  is  below  zero  for  months,  as 


it  is  with  us,  against  a  temperature,  enjoyed  by  many  roads  in 
this  country,  of  only  a  few  days'  frost  in  the  year. 

V 

Another  superintendent  of  motive  power,  whose  road  is 
not  so  far  north,  says  : 

Our  last  year's  locomotive  report  is  not  very  good,  the  cir- 
cumstances being  such  as  to  make  it  show  up -very  badly  as  re- 
gards repairs  and  consumption  of  fuel,  wages,  etc.  The  road 
was  really  overtaxed  with  business,  and  being  a  single  track, 
the  trains  were  laid  out  on  side  tracks,  thereby  taking  an  extra 
amount  of  time  to  make  their  trips,  which  caused  an  excessive 
consumption  of  fuel  and  increased  pay  to  train  men.  In  addi- 
tion, this  trouble  caused  many  wrecks,  which  will  account  for 
the  high  rate  of  repairs 

Of  course  you  are  perfectly  familiar  with  the  matter  of  road- 
way, as  compared  between  the  two  -countries,  which  is  very 
detrimental  to  the  American    locomotive   as   regards  the  ex 
penses. 

Another  one  writes  : 

The  fast  growth  of  our  mileiage  has  necessitated  the  promo 
tion  of  men  to  such  an  extent  that  the  conditions  surrounding 
the  best  results  from  our  fuel  are  not  fully  up  to  the  British 
standard,  where  to  be  a  first-class  fireman  becomes  an  ambi- 
tion ;  while  here  it  is  generally  considered  only  a  short  proba- 
tion, to  be  endured  only  as  a  stepping-stone  to  the  other  side  of 
the  engine,  just  keeping  within  the  bounds  of  security  of  posi- 
tion. 

The  same  writer  says  that  there  is  great  disparity  in  the 
quality  of  the  coal  used  on  his  line,  and  that  on  one  division 
the  engines  must  use  14  different  kinds,  varying  greatly 
in  quality. 

The  superintendent  of  motive  power  and  machinery  of 
»one  of  the  longest  lines  in  this  country  says  : 

Our  locomotives  have  many  obstacles  to  contend  with  that  do 
not  exist  in  Great  Britain.  One  is,  the  bad  quality  of  the  water 
used  in  the  boilers,  causing  heavy  incrustation  of  lime  and  other 
matter,  which  is  virtually  a  non-conductor  of  heat,  and  conse- 
quently demanding  increased  consumption  of  fuel  in  generating 
the  steam.  Our  winters  are,  as  a  rule,  very  severe,  although 
that  of  1890  was  comparatively  mild  ;  again,  our  house-room  is 
very  limited,  and  a  large  number  of  the  engines  are  therefore 
obliged  to  remain  out  of-doors,  on  which  account  we  burn  per- 
haps fully  three  per  cent,  more  of  coal  than  we  otherwise  would. 
All  these  conditions  conspire  to  augment  the  consumption  of 
fuel  materially.  The  bad  water  also  has  a  most  destructive 
effect  upon  our  flues,  aided  by  the  poor  coal  we  are  supplied 
with,  and  we  are  in  consequence  constrained  to  rem^e  the  flues 
on  an  average  of  once  a  year.  In  England,  as  f^as  I  have 
been  able  to  learn,  a  welded  flue  in  a  locomotiverfs  unknown, 
as  the  flues  remain  in  the  boilers  intact  from  the/aime  they  are 
introduced  until  the  boilers  are  scrapped. 

I  discovered  the  great  superiority  of  the  W^sh  coal  over  the 
American  product  during  my  marine  experience.  1  was  en- 
gineer for  eight  years  in  the  employ  of  the  Cunard  Line,  run- 
ning between  New  York  and  Liverpool. 

Such  are  some  of  the  conditions  under  which  locomotives 
must  work  in  this  country  and  in  some  of  the  British  colo- 
nies, and  probably  in  other  countries.  The  climate  of 
Canada  cannot  be  changed  to  suit  its  locomotives,  the 
capital  is  often  not  available  to  put  new  jgads  in  good 
condition,  the  morale  of  the  men  who  can  be  employed 
cannot  be  altered  suddenly  to  meet  the  requirements  of 
roads  built  into  new  countries,  nor  can  we  afford  to  import 
coal  to  burn  in  our  engines.  Locomotives  must  be  made  to 
work  in  cold  climates  on  poorly  built  and  equipped  lines ; 
their  management  must  be  entrusted  to  men  whose  quali- 
fications for  their  work  are  not  equal  to  those  which  are 
available  in  England  ;  they  must  bum  coal  varying 
greatly  in  quality  and,  in  short,  mu§l-^ork  under  condi- 
tions varying  within  very  much  wider  limits  than  those 
which  exist  in  an  old  and  developed  country  like  England. 
It  is  not  said  that  the  unfavorable  conditions  which  have 
been  enumerated  exist  on  all  American  lines.  But  they  (lo 
exist  on  many  of  them,  and  our  locomotives  must  often 
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work  under  such  circumstances.  Now,  it  is  folly  to  argue 
that  our  locomotives  are  inferior  to  those  on  English 
lines,  because,  under  such  unfavorable  conditions,  the 
former  burn  more  coal  than  the  latter  do  in  their  native 
land.  As  remarked  before,  the  total  cost  of  locomotive 
service  in  doing  a  given  amount  of  work,  under  the  con- 
ditions that  may  exist,  is  the  only  criterion  of  judging  of 
their  inferiority  or  superiority. 

This  total  cost  may  be  summed  up  under  the  following 
heads  : 

1.  First  cost  and  interest  thereon. 

2.  Fuel  consumption. 

3.  Engine  service— that  is,  wages  of  locomotive  runners 
and  firemen. 

4.  Train  service— that  is,  wages  of  conductors  and 
brakemen. 

5.  Repairs. 

6.  Amount  of  service  performed— that  is,  the  number  of 
miles  run  per  year  and  the  loads  hauled. 

The  relative  value  of  these  items  of  expense  will  vary 
widely  with  the  circumstances  under  which  engines  must 
work.  Thus,  if  the  performance  of  engines  on  the  New 
York  Elevated  Railroads  is  compared  with  that  of  others 
in  similar  service,  the  comparison  would  not  be  effected 
by  the  cost  of  train  or  engine  service,  because  each  train 
is  limited  in  size  and  must  have  a  given  number  of  guards 
and  a  locomotive  runner  and  fireman.  But  on  through 
freight  or  passenger  service,  on  \Our  main  lines,  these 
Items  become  relatively  of  great  importance,  because  their 
cost  per  ton  or  per  passenger  carried  is  reduced  in  an 
inverse  proportion  to  the  loads  hauled,  and  no  correct  es- 
-timate  can  be  made  of  the  expense  of  locomotive  service 
without  taking  these  items  into  account. 

As  it  seems  doubtful  whether  any  general  comparison 
of  English  and  American*  locomotives  is  likely  to  be 
either  satisfactory  or  conclusive,  we  proposed,  in  a  jocu- 
lar way,  during  the  progress  of  the  discussion  between 
The  Engineer  and  Engineering  News,  that  the  editors 
should  each  design  a  locomotive,  and  publish  and  com- 
parfe  the  designs.  We  now  seriously  propose  to  •our 
foreign  contemporary  the  publication  of  engravings  in 
detail  of  one  of  the  largest  typical  English  express  pas- 
senger locomotives,  and  also  of  one  of  the  heaviest  and 
most  generally  approved  freight  engines.  When  the  total 
weight  of  these  engines,  in  working  order,  without  their 
tenders  is  announced  we  will  prepare  and  publish  similar 
engravings  of  American  locomotives  of  an  analogous 
type,  and  of  as  nearly  the  same  total  weight  as  are  ob- 
tainable. Such  illustrations  will  give  actual  examples  of 
what  is  regarded  as  the  best  practice  in  the  two  countries, 
and  with  these  examples  before  us  and  our  readers  com- 
parisons of  the  construction  and  performance  can  be 
made  to  better  advantage,  probably,  than  is  possible  if 
the  two  races  of  locomotives  are  considered  generically. 

lo  the  demand  of  The  Engineer  for  data  concerning  the 
performance  of  American  locomotives,  similar  to  that 
which  was  "compiled  from  official  sources"  and  pub- 
lished in  its  pages  on  November  7  of  last. year,  it  may  be 
said  here  that,  being  heretofore  only  a  commentator  on  the 
discussion,  it  was  expected  that  the  principals  engaged 
therein  would  supply  the  evidence  and  the  arguments. 
As  one  of  the  parties  seems  to  have  failed  in  contributing 
the  data  demanded  by  the  other,  it  apparently  falls  to  our 
lot  to  supply  the  deficiency.  Before  attempting  to  do  this, 
It  should  be  said  that  the  compilation  of  such  data  as  The 


Engineer  has  published  is  probably  much  easier  in  Lon- 
don than  in  New  York.  The  British  Board  of  Trade's 
statistics  are  available  there,  while  here  there  is  no  similar 
organization  or  authority  which  collects  such  information. 
Many  of  the  companies  in  this  country  do  not  keep  any  ac- 
count of  the  fuel  consumption  of  their  locomotives  ;  others, 
which  keep  such  accounts,  do  not  publish  them.  Few  are 
kept  on  any  uniform  plan,  and  the  only  way  to  get  such 
reports  is  by  direct  application  to  the  locomotive  superin- 
tendents of  the  different  lines,  who  are  not  all  either  able 
or  willing  to  supply  them.  The  collection  of  such  data  as 
is  obtainable,  therefore,  takes  time.  We  have  a  consider- 
able amount  of  material  bearing  upon  this  question,  but 
we  hope  to  get  more.  When  the  sources  of  expected  sup- 
ply are  exhausted,  a  compilation  will  be  made  and  sub- 
mitted as  evidence  bearing  upon  the  question  at  issue. 

In  the  mean  while,  we  feel  quite  sure  that  our  readers 
will  join  us  in  the  hope  that  our  contemporary  will  comply 
with  the  request  made  in  the  early  part  of  this  article,  and 
will  give  engravings  in  detail  of  a  typical  example  of  one 
of  their  heaviest  express  locomotives. 

As  this  article  has  already  exceeded  the  limits  which  it 

should  occupy,  only  a  few  words  can  be  devoted  to  The 

Engineer's  editorial  of  January  9.     In  that  it  says  : 

Mr.  Forney  takes  exception  in  a  singularly  disingenuous  way 
to  a  statement  concerning  the  rate  at  which  coal  is  burned  in 

locomotive  fire-boxes  in  this  country He  coolly  pits  the 

average  performance  of  English  engines  against  what  we  be- 
lieve to  be  an  exceptional  performance. 

It  will  be  observed  that  our  contemporary  uses  the  ugly 
word  "disingenuous."  Readers  of  the  Journal  can 
judge  whether  the  imputation  is  a  just  one  from  the  follow- 
ing evidence :  _ 

On  September  5  The  Engineer  said  :  "  The  whole  dis- 
cussion turns  on  whether  a  locomotive  boiler  has  to  gen- 
erate more  steam  in  a  given  time  in  America  than  in  Eng- 
land," and  then  made  the  statement  that  "  careful  experi- 
ment has  shown  that  an  average  performance  (of  English 
locomotives)  is  500  lbs.  of  steam  per  square  foot  of  grate 
per  hour." 

Now,  if  this  performance  was  "shown"  by  "careful 
experiment,"  it  surely  was  not  ascertained  from  the  work- 
ing of  locomotives  in  ordinary  use.  The  average  evapo- 
ration of  engines  during  experiments  extending  over  a 
greater  or  less  period  or  number  of  miles  of  service  must 
have  been  at  the  rate  of  500  lbs.  of  steam  per  square  foot 
of  grate  per  hour.  In  the  October  Journal  we  reported 
that  in  some  experiments  made  on  the  Grand  Trunk  Rail- 
way, consisting  of  nine  runs  of  250  miles  each,  the  aver- 
age consumption  of  coal  was  121. 6  lbs.  of  coal  per 
square  foot  of  grate  per  hour,  and  the  average  evapora- 
tion was  7.35  lbs.  of  water  per  pound  of  coal,  or  an  evap- 
oration of  893.7  lbs.  of  water  per  square  foot  of  grate  per 
hour.  This  The  Engineer  calls  an  "  exceptional  perform- 
ance," although  it  was  the  average  result  of  an  engine  in 
running  2,250  miles.  The  number  of  miles  run  during  our 
contemporary's  "  careful  experiment"  is  not  given.  Was 
it  equal  to  2,250  miles  ? 

In  the  same  number  of  the  Journal  we  gave  the  average 
results  of  experiments  made  on  the  Hudson  River  Railroad 
in  running  9,438  miles,  and  showed  that  739.12  lbs.  of 
water  per  square  foot  of  grate  per  hour  were  evaporated. 
Will  The  Engineer  tell  its  readers  whether  this  was  "  ex- 
ceptional," and  did  the  number  of  miles  run  in  the  "  care- 
ful experiments"  referred  to  exceed  9,438  ? 

On  September   19,  in  commenting  on   the  trial  of  the 
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Vauclain  compound  engine,  the  editor  of   The  Engineer 
said  : 

The  running  time  (of  the  Vauclain  engine)  was  six  hours, 
and  in  that  tinjc  there  was  burned  16,389  lbs.  of  coal.  As  the 
grate  was  25  sq.  ft.,  a  very  simple  calculation  shows  that  the 
rate  of  combustion  per  square  foot  of  grate  per  hour  was  over 
109  lbs.  We  have  nothing  in  England  to  equal  this.  About  75 
lbs.  per  square  foot  of  grate  per  hour  may  be  regarded  as  a 
maximum  consumption  with  our  fastest  and  heaviest  expresses. 

In  the  August  number  of  the  Journal  it  was  shown  that, 
in  tests  of  an  hour's  duration  on  the  17-mile  grade  of  the 
Baltimore  &  Ohio  Railroad,  133.2,  148.1  and  193.7  lbs.  of 
coal  was  burned  per  square  foot  per  hour.  Probably  these 
rates  of  combustion  are  equalled  nearly  every  day  in  the 
year  on  that  part  of  the  Baltimore  &  Ohio,  and  on  some 
other  railroads. 

Our  adversary  says,  "  Mr.  Forney  coolly  ^\\%K\\^  average 
performance  of  English  engines  against  what  we  believe  to 
be  an  exceptional  performance."  By  The  Engineer  s  own 
admission  this  average  was  ascertained  by  "  careful  ex- 
periment," so  it  is  not  the  result  of  every-day  practice. 
We  have  also  submitted  the  results  of  careful  experiment. 
By  its  own  admission  the  maximum  consumption  of 
their  fastest  and  heaviest  express  engines  is  only  75  lbs. 
of  coal  per  square  foot  per  hour.  We  have  shown  that  in 
ours  the  maximum  is  more  than  2^  times  as  great. 

We  submit  that  the  word  "  disingenuous"  has  been  mis- 
used by  our  contemporary. 


NEEDED  WATERWAYS. 


Few  countries  are  better  supplied  with  natural  water- 
ways than  the  United  States,  and  it  is  to  them  and  to  the 
construction  of  some  artificial  ones  that  the  country  owes 
much  of  its  earlier  growth  and  prosperity.  With  the  later 
great  development  of  railroads,  however,  there  has  been 
a  tendency  to  neglect  the  water  routes,  and  they  have  not 
received  the  attention  they  should,  although  there  have  al- 
ways been  some  advocates  who  appreciated  their  great 
economic  value.  It  is  not  only  as  an  actual  carrier  in 
comparison  with  the  railroad  that  a  waterway  is  to  be  es- 
timated ;  its  value  as  a  factor  in  competition  and  a  regula- 
tor of  rates  is  also  to  be  taken  into  account.  There  is  not 
space  here,  however,  to  support  this  statement  by  in- 
stances, the  only  purpose  at  present  being  to  refer  to  one 
of  the  canal  projects  which  have  been  brought  before  the 
public  from  time  to  time  with  varying  success.  Some 
have  not,  it  is  true,  deserved  success,  but  some,  including 
this,  certainly  have  a  right  to  consideration. 

The  waterway  which  is  most  needed  in  the  seaboard 
States  is  one  which  already  exists  in  large  part,  and  which 
needs  only  the  building  of  a  few  comparatively  short  links 
to  complete  it.  It  is  the  line  from  Norfolk  southward  to 
Florida  through  the  sounds  and  inland  channels  of  the 
coast.  This  is  already  open  from  Norfolk  nearly  to  the 
South  Carolina  line  and  from  Charleston  to  Florida,  while 
the  gaps  existing  can  be  rilled  by  canals  easy  of  construc- 
tion and  presenting  nowhere  any  considerable  obstacles. 
The  filling  these  gaps  and  the  improvement  of  the  existmg 
channels  would  be  works  much  less  costly  than  maay 
which  have  been  undertaken  and  successfully  carried  oiit. 
Commercially  it  would  be  worth  much  more  than  it  is 
\  likely  to  cost,  while  in  case  of  a  foreign  war  its  value  to 
the  country  would  be  almost  inestimable.  The  ability  to 
send  ships  of  war  on  an  inside  line  to  any  point  on  the 


coast  would  be  an  advantage  which  any  strategist  would 
recognize  at  once.  No  work  of  the  kind  can  be  found 
which  is  at  once  so  feasible  and  offers  so  many  advantages. 

As  a  connection  or  extension  of  this  line  there  may  be 
mentioned  the  Florida  ship  canal,  for  which  surveys  were 
completed  two  years  ago,  and  which  is  one  of  those  works 
the  postponement  of  which  seems  almost  unaccountable. 
This  is  a  ^ore  formidable  undertaking,  it  is  true  ;  but  the 
difficulties  are  not  by  any  means  insurmountable.  It  is 
not  any  question  of  engineering,  but  only  the  lack  of  money 
which  has  so  far  delayed  its  construction. 

With  the  Florida  Canal  added  to  the  seaboard  line, 
there  would  be  an  inland  water  route  from  New  York  to 
New  Orleans  which  would  soon  become  the  highway  for 
a  great  commerce,  and  might  change  in  some  degree  the 
nature  of  the  coasting  trade.  It  would  develop  trade  also 
and  open  up  an  outlet  for  much  new  business  in  lumber 
and  other  bulky  freight  which  requires  the  cheapest  trans- 
portation. 

^ 

THE  PENNSYLVANIA  SHIP  CANAL. 

^ 

Report  of  the  Ship  Canal  Commission  of  Pi-nnsyivama. 
Feasibility  of  a  Ship  Canal  to  Connect  the  Waters  of  Lake  Erie 
and  the  Ohio  River.  John  A.  Wood,  W.  S.  Shallenberger, 
Eben  Brewer,  John  M.  Goodwin,  Thomas  P.  Roberts,  Com- 
missioners. 

The  Canal  Commission,  to  which  the  Pennsylvania  Legisla- 
ture intrusted  the  duty  of  examining  the  country  bet'ween  Lake 
Erie  and  the  Ohio,  with  a  view  to  taking  action  for  the  building 
of  a  ship  canal  to  connect  those  waters,  has  prepared  an  ex- 
haustive report,  much  of  the  excellence  of  which  is  evidently 
due  to  Messrs.  Roberts  and  Goodwin,  the  two  engineers  of  the 
Commission,  both  of  whom  are  well  qualified  for  the  work. 

Lack  of  space  prevents  us  from  doing  full  justice  to  this  re- 
port, but  a  brief  presentation  of  the  conclusions  reached  will  be 
of  interest.  After  full  examination  and  consideration,  and  in 
view  of  the  peculiar  nature  and  formation  of  the  country  on  the 
border-line  between  Pennsylvania  and  Ohio,  the  Commission 
recommends  the  building  of  a  canal  partly  within  the  latter 
State.  The  line  adopted  starts  from  Conneaut  Harbor,  on  Lake 
Erie,  and  rises  to  the  high  plateau  on  the  State  line  by  a  series 
of  25  locks  in  a  distance  of  12.37  miles,  the  summit  level,  20 
miles  long,  being  444  ft.  above  the  lake.  Two  locks  bring  the 
line  down  to  the  Greenville  level,  10.35  miles  long,  from  which 
there  is  a  gradual  descent  into  the  Shenango  Valley,  and  thence 
to  the  Ohio  at  Rochester,  the  total  descent  to  that  point  from 
the  summit  level  being  310.7  ft.,  which  it  is  proposed  to  make 
in  22  locks. 

The  canal,  however,  will  not  fulfil  its  purpose,  in  the  opinion 
of  the  Commission,  if  it  ends  at  Rochester,  but  should  be  con- 
tinued parallel  to  the  Ohio  from  Rochester  to  Pittsburgh  Har- 
bor. It  is  to  Pittsburgh  that  a  large  part  of  its  traffic  must  go. 
and  unless  vessels  can  reach  that  city  directly  they  will  not  use 
the  canal.  The  extension  will  require  the  excavation  of  23  44 
miles  of  canal,  and  the  building  of  two  locks  at  Davis  Island. 

The  total  length  of  the  proposed  canal  is  about  125  miles, 
including  the  extension  to  Pittsburgh  Harbor.  The  cross-sec- 
tion proposed  has  a  width  of  100  ft.  at  bottom — slope  of  banks 
to  be  i^  to  I— a  depth  of  15  ft.,  and  proper  protection  ot 
banks.  The  locks  would  be  large  enough  to  pass  vessels  300 
ft.  long,  44  ft.  beam,  and  14  ft.  draft,  which  would  include 
all  the  lake  ore  and  grain  carriers  except  those  of  the  very 
largest  class.     The  estimated  cost  is  about  $26  400,000. 

The  reasons  given  for  the  line  chosen  are  comparatively  iow 
cost,  directness  of  route,  full  supply  of  water,  and  the  opp^f' 
tunity  for  extending  local  traffic  on  the  line  itself,  and  by  canal- 
izing ^the  Mahoning  River.     The  report  gives  these  reasons  in 
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full  ■  'ini^  ^°  appreciate  them  properly  it  should  be  carefully 

read .  .  . 


NEW  PUBLICATIONS. 


By  Henry  Adams. 
(E.  &  F.  N.  Spon, 


HwDP.ooK  FOR  Mechanical  Engineers. 
Second  Edition,  revised  and  enlarged, 
London  and  New  York.) 

This  book  belongs  to  a  class  which  is  almost  as  difficult  to 
review  as  a  dictionary  would  be.  It  consists  of  a  collection  of 
notes  which,  as  the  author  says,  have  been  compiled  from  vari- 
ous sources.  • 

The  book  begins  by  informing  its  readers  that  "  motion  is  a 
change  of  place,"  and  in  the  first  chapter  it  is  said  that  a  force 
which,  acting  for  unit  of  time,  would  impart  unit  velocity  for  unit 
mass  is  a  Gaussian  unit,  and  that  the  curve  of  quickest  descent 
is  a  brachystochrone.  The  author  seems  to  be  of  the  opinion 
that  by  using  hard  names  he  is  imparting  knowledge. 

The  chapters  or  sections,  as  they  are  called,  are  on  the  follow- 
ing subjects  :  Fundamental  Principles  of  Mechanics  ;  Varieties 
and  Properties  of  Materials  ;  Strength  of  Materials  and  Struc- 
tures ;  Pattern-making,  Moulding  and  Founding ;  Forging, 
Welding  and  Riveting  ;  Workshop,  Tools  and  General  Ma- 
chinery ;  Power  Transmission  by  Belts,  Ropes,  Chains  and 
Gearing  ;  Friction  and  Lubrication  ;  Thermodynamics  and 
Steam  ;  Steam  Boilers  ;  The  Steam  Engine  ;  Hydraulic  Ma- 
chinery ;  Electrical  Engineering  ;  Sundry  Notes  and  Tables. 

There  is  no  good  reason  apparent  for  writing  or  publishing 
such  a  book.  It  requires  no  special  ability  ;  and  to  do  it  all 
that  an  ordinarily  intelligent  reader  would  need  is  to  get  the 
files  of  one  or  more  good  engineering  journals,  a  few  text  and 
pocket-books,  and  then  read  and  compile.  The  book  before  us 
has  not  the  merits  of  a  treatise,  nor  is  it  as  useful  as  a  pocket- 
book.  It  has  no  systematic  plan  ;  the  material  has  been  un- 
digested, and  the  author  has  added  an  assumption  of  profundity 
by  using  hard  names,  Greek  notation  and  mathematics,  which 
will  only  be  a  puzzle  to  practical  men. 

I.  Irrigation  Development.  History,  Customs,  Laws  and 
Administrative    Systems   Relating    to   Irrigation   and   Water 

'    Courses  in  France,  Italy  and  Spain.     By  Wm.  Ham.  Hall, 
State  Engineer.     (Sacramento  ;  State  Printers.) 

II.  Irrigation  in  California.  The  Field,  Water  Supply  and 
Works  in  San  Diego,  San  Bernardino  and  Los  Angeles  Coun- 
ties. By  Wm.  Ham.  Hall,  State  Engineer.  (Sacramento  ; 
State  Printers;), 

These  two  volumes  together  form  a  partial  report  on  Iiriga- 
lion,  which  was  submitted  by  Mr.  Hall,  as  State  Engineer  of 
California,  two  years  ago,  but  which  has  only  recently  become 
available  for  general  use,  owing  to  the  slow  methods  adopted 
with  public  documents. 

Irrigation  is  comparatively  so  new  a  practice  in  the  United 
States  that  the  part  on  Italian,  French  and  Spanish  systems  is 
really  an  essential  and  valuable  feature  of  the  report.  While 
some  of  our  methods  are  new,  for  all  precedents  and  for  experi- 
ence we  must  go  back  to  Southern  Europe,  India  or  Mexico — 
perhaps  to  China,  where  irrigation  has  been  practised  for  many 
centuries,  and  where  it  probably  originated. 

Mr.  Hall  has  given  a  very  full  account,  with  numerous  illus- 
trations, of  what  has  already  been  done  in  the  three  southern 
counties  of  California,  and  of  what  was  proposed  at  the  time  he 
wrote.  Some  of  these  projects  have  since  been  carried  out, 
while  others  still  remain  in  abeyance.  The  work  has  never 
oeen  completed  as  originally  proposed,  owing  to  the  failure  of 

e  Legislature  to  make  proper  appropriations  ;  a  neglect  which 
'S  much  to  be  regretted,  as  the  later  volumes  would  not  only  have 
completed  the  accounts  of  what  has  been  done,  but  would  also 

ave  treated  of  irrigation  and  water  laws,  and  of  other  ques- 
tions upon  which  action  is  much  needed. 


Even  in  its  present  unfinished  state,  however,  Mr.  Hall's  re- 
port is  a  very  valuable  one,  and  contains  much  information  that 
is  not  accessible  elsewhere.  It  is  accompanied  by  maps  show- 
ing drainage  area  and  rainfall  distribution,  and  is  printed  in  ex- 
cellent shape. 

« 

BOOKS    RECEIVED. 


Annual  Report  of  the  City  Engineer  of  Providence  for  the  Year 
1890 :  /.  Herbert  Shedd,  City  Engineer.  Providence,  R.  I.  ; 
printed  for  the  City.  A  special  feature  of  this  report  is  an  ap- 
pendix, giving  formulae  for  ascertaining  the  loss  of  head  due  to 
the  friction  of  water  in  smooth  pipes,  with  tables  worked  out  by 
the  same. 

Improved  Roads  :  An  Address  Delivered  before  the  New  Jersey 
Slate  Board  of  Agriculture,  by  Chauncey  B.  Ripley,  LL.D. 

The  Sioux  City  Bridge  :  A  Report  to  Marvin  Hughitt,  Presi- 
dent of  the  Sioux  City  Bridge  Company,  by  George  S.  Morison, 
Chief  Engineer.  Chicago.  Some  extracts  from  this  excellent 
monograph  will  be  found  on  another  page. 

Reports  of  the  Consuls  of  the  United  States  to  the  Department 
of  State  :  Nos.  124,  January,  and  125,  February,  rSgi.  Wash- 
ington ;  Government  Printing  Office. 

On  the  Maximum  Steam  Jacket  Efficiency  :  by  Prof es sot  Rob- 
ert H.  Thurston.  Philadelphia  ;  reprinted  from  the  Journal  of 
the  Franklin  Institute. 

Examinations  by  the  State  Board  of  Health  of  the  Water  Sup- 
plies and  Inland  Waters  of  Massachusetts  :  Part  I  of  Report  on 
Water   Supply  and  Sewerage.     Boston  ;  State    Printers.     This 
volume  reaches  us  too  late  to  receive  the  full  review  which  it 
deserves  in  the  present  number. 

Annali  della  Societa  degli  Ingegneri  e  degli  Arckitetti  Italiani  : 
Anno  V,  1890.  Fascicolo  VI.  Rome,  Italy  ;  published  for  the 
Society. 

Occasional  Papers  of  the  Institution  of  Civil  Engituers.  Lon* 
don,  England  ;  published  by  the  Institution.  The  present  in- 
stallment of  these  papers  includes  Indian  Bridges,  by  F.  E.  Rob- 
ertson and  E.  W.  Stoney,  and  several  shorter  ones. 

Special  Experiments  with  Cylinder  and  Journal  Lubricants  : 
by  Professor  J.  E.  Denton,  Stevens  Institute.  New  York  ;  re- 
printed from  Proceedings  of  the  American  Society  of  Mechan- 
ical Engineers. 

Performance  of  l^ton  Refrigerating  Machine  of  the  Ammonia 
Compression  Type  :  by  Professor  J.  E.  Denton,  Stevens  Institute. 
New  York  ;  reprinted  from  Proceedings  of  the  American  So- 
ciety of  Mechanical  Engineers. 

The  Money  Value  of  Solid  Emery  Wheels  :  by  T.  Dunkin 
Paret.  Reprinted  from  proceedings  of  the  Association  for  the 
Advancement  of  Science. 

Emery  Wheels :  by  T.  Dunkin  Paret.  Reprinted  from  the 
Journal  of  the  Franklin  Institute. 


TRADE    CATALOGUES. 


The  firm  of  Darling,  Brown  &  Sharpe,  of  Providence,  R.  I., 
has  issued  a  very  handsome  reproduction  of  the  diploma  award- 
ed them  at  the  Paris  Exposition  in  1889.  It  is  artistic  enough 
in  appearance  to  be  worth  preservation.  ' 


The  Westinghouse  Machine  Company  has  undertaken  to  ad- 
vertise on  a  new  plan,  and  has  arranged  a  series  of  cards  which 
will  show  in  regular  monthly  succession  the  general  character 
of  the  company's  business  ;  the  leading  points  in  favor  of  its 
engines  ;  the  points  wherein  they  differ  from  other  engines  ;  the 
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different  types  made  ;  the  class  of  people  by  whom  they  are 
used,  and  other  interesting  points. 


A  trade  catalogue  of  unique  character  is  issued  by  the  Joseph 
Dixon  Crucible  Company  in  the  form  of  a  package  of  pencils 
of  various  grades  submitted  for  editorial  consideration.  No 
better  recommendation  could  be  found  for  these  pencils  than 
their  constant  use. 

Special  Tools  for  Railway  Repair  Shops  :  Boring,  Milling,  Plan- 
ing and  Shaping  Machines  :  Illustrated  Catalogue  of  Pedricb 
^  Ayer,  Philadelphia. 

Frontier  Iron  and  Brass  Works,  Pulverizing  and  Separating 
Machinery,  Detroit,  Mich. 

The  Tanite  Company,  Catalogue  of  Solid  Emery  Wheels  and 
Grinding  Machines.     Stroudsburg,  Monroe  County,  Pa. 

Berry  Brothers'  Varnish  and  Japan  Works,  Detroit,  Mich.  Il- 
lustrated Description. 


ABOUT  BOOKS  AND  PERIODICALS. 


The  last  quarterly  number  of  the  Proceedings  of  the  United 
States  Naval  Institute  opens  with  the  prize  essay  for  this  year 
by  Ensign  A.  P.  Niblack,  on  Enlistment.  Training  and  Or- 
ganization of  Crews  for  the  New  Ships.  Other  articles  are  on 
Siacci's  Ballistic  Equations,  by  Professor  William  Woolsey  John- 
son ;  on  Target  Practice,  by  Lieutenant  J.  F.  Meigs  ;  on  Elec- 
tric Revolution  Counters,  by  Assistant-Engineer  W.  D.  Weaver  ; 
and  on  an  Experimental  Ammunition  Cart,  by  Lieutenant  W. 
W.  Kimball. 

A  hand-book  of  German  technical  terms  has  been  under 
preparation  for  several  years  by  Professor  J.  Howard  Gore,  of 
the  Columbian'  University  at  Washington,  and  will  soon  bs 
published  by  D.  C.  Heath  &  Company.  Professor  Gore  has 
had  especial  facilities  for  compiling  such  a  work,  and  it  will  be 
appreciated  by  all  who  have  occasion  to  read  technical  German, 
and  who  know  how  deficient  the  ordinary  dictionaries  are  in 
technical  terms. 

In  Harper's  Weekly  the  first  of  a  series  of  illustrated  arti. 
cles  oil  Australia  has  been  published,  and  others  are  promised. 
The  Weekly  recently  illustrated  the  "  whale-back"  steamer 
Colgate  Hoyt,  and  the  designs  for  the  Columbian  Exhibition 
buildings  in  Chicago,  and  gave  a  very  entertaining  article  on 
Patents. 

Among  the  new  books  in  preparation  by  John  Wiley  &  Sons, 
New  York,  are  the  Mechanical  Engineers'  Pocket  Book,  by 
William  Kent,  and  the  Transition  Curve  Field  Book,  by  Con- 
way R.  Howard.  An  inspection  of  the  material  of  Mr.  How. 
ard's  book  enables  us  to  say  that  it  will  be  an  excellent  one  for 
its  purpose,  and  a  very  convenient  assistant  for  engineers  on 
railroad  work. 

In  Harper's  Magazine  for  May  the  series  of  South  Ameri- 
can articles  will  be  continued  by  one  on  Uruguay,  by  Theodore 
Child,  and  another  on  the  Argentine  People,  by  Bishop  J.  M. 
Walden.  Colonel  T.  A.  Dodge  begins  a  series  of  short  papers 
on  Horsemanship  in  America.  The  lighter  articles  include 
several  of  special  interest. 

Among  the  articles  in  the  Popular  Science  Monthly  for 
April  there  may  be  mentioned  the  History  of  the  Ohio  River, 
by  Professor  J.  F.  James  ;  Street  Cleaning  in  Large  Cities,  by 
General  Emmons  Clark  ;  What  Keeps  the  Bicycler  Upright  ?  by 
C.  D.  Warring,  and  Changes  in  California,  by  C.  H.  Shinn. 
In  the  May  number  there  will  be  an  illustrated  article  on  Ice 
Making  and  Artificial  Refrigeration,  by  F.  A.  Fernald,  describ- 
ing a  growing  and  important  industry. 

J  Two  articles  in  Belford's  Magazine,  for  April,  on  Uni- 
versity Training,  written  from  diametrically  opposite  points  of 
view,  will  attract  much  attention.     The  Silver  Question  and 


Protection  are  also  discussed  in  this  number.  While  keepjno 
up  its  controversial  character,  however,  the  purely  literarv  side 
has  not  been  neglected,  and  plenty  of  light  reading  is  provided 

The  National  Guard  of  Wisconsin  is  the  subject  of  the  tnili. 
tary  article  in  Outing  for  April  ;  it  is  written  by  Captain 
Charles  King.  Composite  Photography,  Canoeing  in  the 
Chambly  Rapids,  and  Esquimaux  Whaling  are  among  the  other 
articles.  In  this  number  Captain  Schuyler's  paper  on  the  Evo- 
lution of  Yachting  is  concluded. 

In  Scribner's  Magazine  for  April  the  first  of  the  promised 
series  on  Ocean  Passenger  Travel  is  published  ;  it  is  general 
and  historical  in  its  nature,  and  has  many  illustrations.  The 
Cruise  of  the  United  States  Steamer  Thetis  in  the  Arctic  is  de 
scribed  and  illustrated.  An  article  on  Right- Handedness,  by 
Dr.  Thomas  Dwight,  deserves  a  careful  reading.  The  article 
in  the  steamship  series  in  the  May  number  is  on  the  Ship's  Com- 
pany, and  is  by  Lieutenant  J.  D.  J.  Kelly,  U.  S.  N.  In  this 
numberalso  is  a  paper  on  Broadway,  by  Richard  Harding  Davis. 
which  is  the   first  of  a  series  on  the  Great  Streets  of  the  World. 

We  are  requested  to  state  that  Mr.  Robert  Grimshaw,  Gen- 
eral Editor  of  the  Trades  Department  of  Funk  &  Wagnalls' 
Standard  Dictionary,  being  desirous  of  making  as  complete  as 
possible  his  list  of  mechanical  and  industrial  terms,  requests 
manufacturers  of  machinery  and  tools  having  important  parts 
not  found  on  those  of  other  makers,  or  the  names  of  which  are 
not  yet  in  general  use,  to  send  the  name,  definition  and  use  of 
each  such  part  to  him  at  115  Bible  House,  New  York  City. 


THE  DISCOMFORTS  OF   RAILROAD   TRAVEL. 


To  the  Editor  of  the  Railroad  and  Engineering  Journal : 

I  HAVE  read  with  interest  the  article,  "  The  Discomforts 
of  Railroad  Travel,"  published  in  your  issue  of  February. 
May  I  ask  you  to  request  the  gentleman  who  wrote  the 
article  to  kindly  blister  the  uniformed  idiot  who  opens  the 
front  door  of  your  car  a  quarter  of  a  mile  before  the  next 
station  is  reached,  bawls  out  the  supposed  name  of  the 
station,  leaves  the  door  fastened  open,  goes  to  the  rear 
door  of  the  preceding  car,  and  again  emits  a  bawl.  \\  hen 
the  train  stops  he  helps  off  all  the  younger  females,  lets 
the  old  ones  shift  for  themselves,  returns  to  the  car  in 
front,  and  advises  the  passengers  that  the  "  Nexstaishiz 
yaup — yaup,"  and  then  conveys  the  same  important  in- 
formation to  you,  and  then,  and  not  until  then,  does  he 
close  the  door  of  your  car. 

Another  fiend  deserves  his  attention  ;  he  is  the  engineer 
who  might  be  termed  a  "  yanker." 

On  reading  the  notices  of  the  railroad  that  furnishes 
"  The  finest  service  in  the  world  "  (please  note  that  this 
applies  to  any  and  all  roads),  you  will  find  one  which  reads 
something  after  this  manner  :  "  Passengers  taking  the 
—  P.M.  train,  which  will  arrive  at  Blankville  at  —  a.m., 
may  remain  in  their  berths  until  7  o'clock. "  Would  that  the 
scribe  who  wrote  these  lines,  and  the  railroad  official  who 
dictated  them,  would  take  passage  in  one  of  these  trains. 
He  will  find  that  when  he  arrives  in  the  suburbs  of  Blank- 
ville that  he  will  be  rudely  awakened  by  the  detaching  of 
his  car  from  the  train,  it  will  be  jerked  this  way  and 
bumped  that  way  without  any  apparent  reason.  At  last 
he  despairs  of  getting  further  sleep,  and  resolves  that  he 
will  dress  and  leave  the  car.  About  the  time  he  has  fin- 
ished dressing'^  he  will  notice  that  the  car  has  at  last  foand 
a  resting-place  ;  but,  as  he  has  resolved  to  go,  he  goes, 
and,  arriving  at  the  door,  finds  that  his  car  is  on  a  siding, 
and  upon-  inquiry  of  the  porter,  who  by  this  time  is  suffi 
ciently  awake  to  make  a  few  passes  through  the  air  with 
his  whisk  and  hold  his  hand  for  the  hoped-for  quarter,  that 
the  depot  is  "  right  down  that  there  track,  sir,  about  two 
blocks  and  a  half." 

After  walking  down  "that  there  track,"  dodging  sev- 
eral freight  trains,  he  finds  the  depot,  and  mentally  and 
explosively  resolves  that  the  next  time  he  takes  a  train  in 
which  "  the  passengers  may  remain  until  7  o'clock,"  it  wi" 
be  when  all  the  other  places  are  closed  and  the  walking  is 
bad.  A.  SPIKK. 
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A  NEW  SPANISH  CRUISER. 


Xhe  accompanying  illustration,  which  is  taken  from 
London  Enc^itjeering,  shows  the  first-class  armored  cruiser 
Pelavo,  recently  completed  for  the  Spanish  Navy  by  the 
Compagnie  des  Forges  et  Chantiers  at  the  yards  at  La 
Sevne.  near  Toulon.  The  plans  for  the  hull  of  the  ship 
were  prepared  by  M.  Lagane,  Director  of  the  Works,  and 
the  engines  were  designed  by  M.  Orsel. 
-  The  dimensions  of  the  ship  are  as  follows  :  Extreme 
length.  346  ft.  6  in.  ;  width  at  water-line,  66  ft.  3  in.  ;  draft 
of  water  aft,  24  ft.  9  in.  ;  displacement,  9,900  tons.  The 
ship  is  constructed  of  steel  throughout,  and  is  protected 
by  a  water-line  belt  ot  armor  6  ft.  10  in  width,  extending 
jthe  whole  length  of  the  hull,  and  varying  in  thickness  from 


The  magazines  for  ammunition  are  in  three  groups  ar- 
ranged for  convenient  supply  of  the  guns. 

For  ramming  purposes  the  ship  carries  a  heavy  steel 
spur  forward,  which  forms  part  of  the  framing  of  the  ves- 
sel. 

The  armament  consists  of  two  32-cm.  (12.6-in.)  Honto- 
ria  guns  mounted,  one  forward  and  the  other  aft,  in  two 
barbette  turrets  ;  two  28-cm.  (ii-in.)  Hontoria  guns  placed 
almost  amidship,  one  on  each  side  ;  one  i6-cm.  (6.29-in.) 
Hontoria  gun  placed  well  forward  ;  twelve  12-cm.  (4.72-in.) 
Hontoria  guns  placed  six  on  each  side  in  batteries.  The 
secondary  battery  consists  of  a  number  of  rapid-fire  and 
revolving  guns  carried  on  deck  and  in  the  double  tops  of 
the  military  masts.  There  are  also  seven  torpedo  tubes 
carried  on  the  lower  deck. 

The  barbette  turrets  in  which  the  32-cm.  guns  are  placed 
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'7.7  in.  in  the  center  to  11.8  in.  at  the  ends.  Above  this 
belt  the  protection  consists  of  a  steel  deck  placed  at  the 
level  of  the  top  of  the  plates. 

The  ship  has  a  double  bottom  divided  into  98  water- 
tight cells,  while  the  space  between  the  bottom  and  the 
armored  deck  is  separated  into  compartments  by  16  trans- 
^'erse  bulkheads  and  by  several  longitudinal  bulkheads, 
making  no  fewer  than  145  compartments.  All  of  these 
divisions,  including  those  in  the  double  bottom,  can  be 
emptied  by  means  of  a  collecting  channel  12  in.  in  diame- 
ter running  from  end  to  end  ot  the  ship,  and  connecting 
With  two  large  pumps.  There  are  other  pumps  also  which 
can  be  employed  in  addition  for  draining  any  of  the  com- 
P^''^."}ents.  The  coal-bunkers  are  so  arranged  as  to  give 
additional  protection  to  the  engine  and  boilers. 

The  quarters  for  the  officers  and  crew  are  ample,  and 
are  arranged  on  the  upper  decks  above  the  armored  decks. 


are  protected  by  steel  plates  13.8  in.  thick,  and  the  turrets 
are  supported  on  a  framing  also  protected  by  steel  plates 
7.9  in.  thick,  extending  down  to  the  armored  deck,  and 
serving  as  a  cover  for  the  ammunition  hoists.  The  for- 
ward turret  is  placed  at  a  height  which  brings  the  axis  of 
the  gun  31  ft.  above  the  water-line  ;  it  has  a  firing  angle 
of  250°.  The  rear  gun  has  the  same  elevation,  and  a  tir- 
ing angle  of  220°.  The  28-cm.  broadside  guns  have  each  a 
finng  angle  of  180°,  so  that  they  can  be  used  either  in 
chasmg  or  retreating,  and  three  heavy  guns  will  always  be 
available  in  each  direction.  A  heavily  armored  shelter  on 
the  upper  deck  is  fitted  up  with  electric  and  other  signal 
apparatus  and  steering  gear,  so  that  the  Captain  can  direct 
the  fighting  of  the  ship  in  security. 

The  Pelayo  has  two  screws,  each  driven  by  an  inde- 
pendent compound  engine,  and  steam  is  furnished  by  12 
return-flue  boilers  built  for  a  working  pressure  of  80  Ibs.J 
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are 


The  usual  number  of  auxiliary  engines,  pumps,  etc. 
provided. 

On  the  trial  trip  the  ship  reached  a  speed  of  16.2  knots 
tin  hour  with  natural  draft.  The  capacity  of  the  coal- 
bunkers  is  800  tons,  which  will  give  a  cruising  radius  of 
5,000  miles  at  a  12-knot  speed,  and  of  7,500  at  a  lo-knot 
speed. 


The  Dawes  patent  showed  both  these  arrangements,  the 
engine  working  on  cranks  180°  apart  and  the  division 
into  two  separate  groups  not  coupled  together,  but  with- 
out the  articulation  of  these  groups  ;  that  is  to  say,  their 
placing  on  separate  trucks.  Up  to  the  present  time  the 
form  of  four-cylinder  engines  with  cranks  at  180°  has  only 
been  carried  out  once  to  my  knowledge.     The  arrange- 
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The  Pelayo  is  much  of  the  same  class  as  the  Maine  and 
New  York,  now  under  construction  for  our  own  Navy, 
although  she  has  a  somewhat  greater  displacement. 


THE  DEVELOPMENT  OF  THE  COMPOUND  SYS 
TEM  IN  LOCOMOTIVES. 


By  M.  A.  Mallet. 


(Paper  read  before  the  Societe  ties  Ingenieurs  Civils,  Paris  ;  translated 
from  the  French  by  Frederick  Hobart.) 


(Continued  /rom  ^age  158.) 


FOUR-CYLINDER    LOCOMOTIVES  WITH    FOUR   MOTIONS. 

I  MUST  here  once  more  refer  to  my  paper  of  1877,  in 
which  I  spoke  of  "  four  cylinders,  two  high  pressure  and 
two  low-pressure,  each  of  these  having  its  own  valve  mo- 
tion. These  four  cylinders  can  act  upon  the  same  axle,  and 
then  by  connecting  the  two  cylinders  of  the  same  group 
on  crank-pins  placed  at  an  angle  of  180°,  we  can  realize 
very  satisfactory  conditions  of  balance  for  the  driving-axle, 
as  Randolph  and  Elder  have  already  done  for  marine  en- 
gines. We  can  also  make  each  group  of  cylinders  act 
upon  a  different  axle,  whether  these  axles  are  coupled  or 
not.  In  this  last  case  we  would  have  a  Meyer  or  Fair- 
lie  compound  engine,  which  would  be  a  very  good  arrange- 
ment, because  the  complication  would  be  justified  both  by 
the  very  principle  of  the  engine — flexibility — and  by  the 
better  working  of  a  compound  than  a  simple  engine." 


ment  in  two  separate  groups  which  has  been  made  in  other 
cases  has  been  without  coupling. 

This  second  plan  presents,  again,  two  cases,  that  in 
which  the  two  groups  of  driving-wheels  are  carried  on  one 
rigid  frame  and  that  where  each  has  its  own  frame,  these 
frames  forming  trucks  which  can  assume  a  different  rela- 
tion to  each  other  in  passing  around  curves. 

The  only  example  of  which  I  have  knowledge  of  the 
arrangement  of  four  cylinders  with  cranks  at  180°  for  one 
group,  the  second  group  having  its  crank-pins  at  90°  with 
those  of  the  first,  is  the  engine  Vulcan  of  the  Scinde,  Pun- 
jab &  Delhi  Railroad,  which  had  high-pressure  cylinders 
inside,  16  in.  in  diameter,  each  of  which  was  replaced  by 
one  cylinder  17  in.  in  diameter  in  the  same  position  as  the 
old  one,  and  an  outside  cylinder  12  in.  in  drameter  work- 
ing on  a  crank-pin  placed  on  the  driving-wheel  at  an  angle 
of  180°  with  the  inside  crank.  The  stroke  of  the  pistons 
was  24  in.  ;  the  diameter  of  the  main  driving-wheels  and 
of  the  rear  coupled  wheels  was  60  in.  This  change  was 
made  in  1884,  and  good  results  were  obtained  from  the 
engine  both  in  economy  and  increase  of  power  ;  but  I 
have  never  heard  that  this  model  has  been  reproduced. 

An  example  of  the  type  with  two  groups  not  coupled 
and  on  a  single  frame  is  given  by  locomotive  No.  lo\  of 
the  Northern  Railroad  of  France,  built  by  the  Societe 
Alsacienne,  on  the  plans  of  M.  de  Glehn,  No.  38  in  the 
large  table.  This  machine  has  been  described,  and  it  may 
be  considered  an  excellent  model,  the  only  point  to  be 
regretted  being  that  the  large  cylinders  were  not  made 
greater  in  diameter.  They  should  have  been  increased  so 
as  to  give  a  ratio  with  the  high-pressure  cylinder  of 
I  :  2.30,  which  would  have  been  preferable  with  a  pressure 
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f  i6o  lbs.  This  is  the  only  application  so  far  made  of  this 
°rrantrement,  which  we  must  consider  as  much  superior 
fo  that  of  Mr.  Webb.       ^.   ^        .    ^ 

The  form  with  fourcylmders  m  two  groups  actmg  upon 
Hfterent  axles,  the  axles  being  coupled  together,  has  been 
carried  out  on  the  Paris,  Lyons  &  Mediterranean  Railroad 
on  three  types  of  locomotives — Nos.  47,  48  and  49  in  the 
table— two  of  which  were  shown  at  the  Exposition  of  1889. 
This  type  has  been  described  minutely  in  several  papers. 

The  object  JJroposed  in  these  engines  is  to  obtain  great 
regularity  in  the  moments  of  rotation  ;  but  this  advantage, 

_  _  ,^t- 

T     ' 


is  joined  to  the  fixed  part  of  the  engine  by  the  center-bear- 
ing and  levers.  The  latter  is  composed  of  the  boiler,  the 
water-tanks  and  the  frame,  carried  upon  the  wheels  of  the 
rear  group,  to  which  the  high-pressure  cylinders  are  at- 
tached, while  the  low-pressure  cylinders  are  fixed  upon  the 
forward  truck.  The  advantage  of  this  arrangement  is  that 
the  high-pressure  steam-pipe  is  fixed  as  in  an  ordinary 
locomotive,  and  that  the  only  joints  required  are  in  the 
steam-pipe  connecting  the  two  groups  of  cylinders,  which 
carry  steam  at  a  pressure  of  not  over  60  lbs.,  and  in  the 
exhaust  pipe. 


STEAM    PIPE  CONNECTIONS,   ARTICULATED  COMPOUND   LOCOMOTIVE. 


obtained  by  carefully  studied  combinations,  has  unfortu-: 
nately  been  realized  only  at  the  cost  of  considerable  com- 
plication. 

The  last  arrangement  of  this  class,  which  places  two 
groups  on  independent  frames  or  trucks,  is  that  type  of 
four-cylinder  locomotive  which  has,  so  far,  had  the  great- 
est number  of  examples.  This  system  was  worked  out  in 
1877  and  presented  in  1884  under  its  present  form.     It  was 


It  may  perhaps  be  useful  to  mention  the  conditions 
which  govern  the  design  of  this  type  of  engine.  They  were 
that  the  engine  must  carry,  on  a  track  of  24-in.  gauge,  a 
load  of  8  or  9  tons  on  grades  as  high  as  8  per  cent.  ;  that 
it  must  pass  around  curves  ofs  66  ft.  radius,  and  that  the 
weight  must  not  exceed  3  tcfe^i  on  each  axle,  or  ii^  tons 
on  each  wheel.  The  first  condition  required  the  use  of  an 
engine  weighing  about  12  tons,  while  the  third  required 


ARTICULATED   COMPOUND   LOCOMOTIVE,    DECAUVILLE    SYSTEM. 


<^arried  into  practice  in  1887,  thanks  to  the  intelligent  co- 
operation of  M.  Paul  Decauville,  who  readily  comprehended 
the  advantage  of  using  on  his  system  of  railroad  a  type  of 
locomotive  combining  great  power,  flexibility  and  the  divi- 
sion of  the  load  over  a  number  of  bearing  points. 

A  common  mistake  which  has  been  made  in  describing 
this  machine  is  of  representing  it  as  carried  upon  two 
trucks.     In  reality  there  is  only  one  truck  forward,  which 


the  use  of  four  axles,  and  the  second  made  it  impossible  to 
couple  these  four  axles  together,  and  rendered  the  division 
of  the  machine  into  two  groups  necessary.  Both  the 
Fairlie  and  Meyer  type  fulfilled  these  conditions  ;  but  I 
must  be  permitted  to  consider  my  own  as  much  more  sim- 
ple and  economical  in  working,  and  I  think  that  practice 
has  made  this  very  clear. 

There  have  already  been  built  over  30  locomotives  of 
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this  type  for  gauges  varying  from  24  to  31^  in.  The  best 
known  application  was  that  made  in  the  Uecauville  Rail- 
road at  the  Exposition  of  1889. 

Some  engines  of  the  same  system  have  been  built  for 
roads  of  one  meter  gauge.  They  worked  on  a  line  of  the 
Departmental  Railroad  Company  and  on  the  Durango- 
Zumarraga  Railroad,  where  there  are  grades  of  2.5  per 
cent.,  combined  with  curves  of  328  ft.  radius  on  the  first- 
named  line  and^f  236  ft.  radius  on  the  latter.  The  en- 
gines of  the  Departmental  Railroad  are  included  in  the 
table.  No.  41.  On  these  roads  the  fact  has  been  recog- 
nized that  a  compound  engine  weighing  24  tons  in  work- 
ing order  would  haul  50  per  cent,  more  load  than  an  ordi- 
nary engine  weighing  about  22  tons,  with  three  coupled 
axles  and  a  leading  axle,  the  heating  surface  being  about 
the  same  in  each  case.  The  saving  per  ton  per  kilometer 
on  the  Montereau-Souppes  line  for  a  period  of  seven 
months  was  about  20  per  cent,  in  fuel  for  the  compound 
engine.  These  results  are  shown  in  the  table  given  here- 
with, which  shows  the  amount  of  fuel  burned  by  the  articu- 
lated compound  engine  and  by  four  ordinary  engines  hav- 
ing three  coupled  axles  and  a  bearing  axle  in  the  rear  for 
a  period  of  seven  months— from  October  ist,  1888,  to  April 
30th,  1889. 


Oct.  I,  1888— April  30,  1889. 


Compound 
Locomotives. 


Total  distance  run j   92,2 


Tons  hauled  one  kilometer 

Total  consumption  of  fuel , 

Fuel  burned  per  kilometer  run 

Fuel  burned  per  ton  hauled  i  kilometer.. 

Saving  per  kilometer  run 

Saving  per  ton  hauled  i  kilometer , 


854,300 
153,868  kg. 

6.Q20    " 

0.180  " 

7.24  per  cent. 
,9.92   '*.     '• 


Ordinary 
l0comotive.s. 


42,587  km. 
1,414,500 

317,957  Ifg 
7.460  " 
o.2ts    " 


Note. — The  consumption  of  fuel  is  equivalent  to  0.5796  lbs.  per  ton-mile  for 
the  compound  and  0.7945  lbs.  for  the  ordinary  locomotive. 


When  the  limit  of  the  Ipad  of  the  ordinary  locomotives 
is  passed,  which  often  occurs  on  this  line  during  the  sea- 
son of  the  beet  crop,  the  saving  in  fuel  by  the  compound 
increases  to  as  much  as  35  per  cent.  We  are  speaking  here 
of  the  actual  commercial  economy,  the  consumption  of  fuel 
reported  including  everything — lighting  fires,  switching, 


in  service  on  the  Herault  Railroad,  shown  in  figs.  39  ^ni 
40— No.  43  in  the  table  ;  the  powerful  56-ton  engines  for 
the  Central  Swiss  Railroad,  shown  in  figs.  37  and  38-- 
No.  44  in  the  table— both  of  these  types  having  four  axles 
and  a  very  heavy  engine  of  85  tons  for  the  Gothard  Rail! 
road,  figs.  41  and  42 — No.  45  in  the  table — the  last  named 
having  six  axles.  This  is  much  the  heaviest  engine  now 
existing  in  Europe,  and  has  only  been  exceeded  on  this 
continent  by  some  Fairlie  engines  recently  built  in  Eng. 
land,  and  intended  for  a  Mexican  railroad.* 

The  large  compound  articulated  locomotives  for  the 
Central  Swiss  Railroad  were  built  by  Maffei  at  Munich, 
and  it  is  interesting  to  remember  that  these  same  shops  in 
1 841  received  a  prize  for  their  engine  Bavaria  in  the 
famous  competition  for  the  Sommering  Railroad.  These 
shops  are  to-day  building  the  engines  of  which  we  speak, 
and  which  resemble  much  more  the  types  of  two  of  their 
old-time  rivals,  the  Seraing  and  the  Wiener-Neustadt 
Shops,  than  of  their  own  former  model.  It  is  true  that  40 
years  have  passed  since  then.  The  Engerth  locomotive, 
for  instance,  at  the  Sommering  competition  had  a  very 
considerable  success,  but  to-day  it  is  not  even  mentioned. 

In  the  accompanying  table  we  give  the  principal  dimen- 
sions of  the  different  types  of  locomotives  which  we  have 
mentioned,  regretting  that  we  cannot  add  to  them  at  the 
present  time  the  dimensions  of  an  order  recently  received 
by  Maffei  for  a  locomotive  of  one  meter  gauge  for  the 
Landquart-Davos  Railroad.  These  engines  will  have  four 
axles,  will  weigh  about  36  tons  in  working  order,  and  will 
be  able  to  haul  80  tons  on  gradies  of  4^  per  cent. 

To  sum  up,  the  compound  articulated  engine  has  ob- 
tained in  practice  a  success  which  insures  rapid  develop- 
ment. The  first  engine  was  put  under  construction  in  the 
spring  of  1887,  and  there  are  now  over  50  of  different 
dimensions  and  of  different  gauges  in  service  or  under 
construction.  The  adoption  of  this  type  for  very  powerful 
engines  on  important  lines  is  a  remarkable  fact,  and  I 
hope  soon  to  be  able  to  present  the  results  obtained  in 
practice  with  the  more  recent  applications — that  is,  the 
larger  engines. 

Before  quitting  this  subject,  however,  I  would  like  to 
emphasize  the  point  that  if  in  the  construction  of  this  type 
we  have  been  guided  by  considerations  foreign  to  the  ques- 
tion of  economy  in  fuel,  this  last  advantage  has  been 
naturally  added,  since  the  double  expansion,  which  was 
not  the  main  point,  has  led  to  a  considerable  simplifica- 


No.  I. 
Figs.  32-36. 


Lines  where  engines  are  in  use 

Builder  of  engines 

Gauge  of  road 

Grate  surface 

Heating  surface,  fire-box 

"  "        tubes . 

'•        total 

Working  pressure  of  boiler 

Diameter  of  high-pressure  cylinder 

*'  "  low-pressure  "         

Stt-oke  of  all  cylinders 

Diameter  of  driving-wheels 

Distance  between  axles  in  each  group 

Total  wheel-base 

Capacity  of  water-tanks 

Weight  of  engine  empty 

Weight  in  working  order 

Tractive  effort  at  rim  of  wheel 

Minimum  radius  of  curve  on  which  engine 
will  work 


Decauville. 
Decauville  Co. 
a  ft.  to  a  ft.  7)^  in. 
S-t;  sq.  ft. 
24.76   "    " 
215.29   "    " 
240.05   "    " 
170  lbs. 
7-36  in. 
ii.oa  •• 
io.a4  " 
23.6a  " 
2.79  ft. 
9.18  " 
370  gals. 
20,500  lbs. 
a5,8oo    " 
3.968    " 

59  ft. 


No.  a. 
Fig.  43. 


Departmental. 
Belfort  Co. 
I  meter. 

8.40  sq.  ft. 

45.07   "    '* 

306.03   "    " 

351.10   "    '■ 

170  lbs. 

9.84  in. 

14.96   " 
18.11   " 

35-43   " 

3-77  ft. 

13- 1«  " 

793  gals. 

41,900  lbs. 

54,000    •* 

8,375    " 
148  ft. 


No.  3. 
Figs.  39-40. 


Herault. 
Cail. 

4  ft.  8^  in. 

15.57  sq.  ft. 

6Q.97  "    " 

753.50  '•    '• 

823.47  ••    *• 

170  Ibi. 

12.00  in. 

18.11    " 

20.47   •• 

47.»4   " 
4.76  ft. 

16.40  " 

1,116  gals. 
61,700  lbs. 
77,100   " 

»o,379   " 
263  ft. 


No.  4. 
Figs.  37-38. 


Central  Swiss. 

Maffei. 

4  ft.  8i4  in. 

19.38  sq.  ft. 

86.11    "    •* 
i,2S9.4a   "    " 
1,34553   •'    " 
170  lbs. 

13.98  in. 

21.65   " 

25.20  " 

55."  " 

6.23  ft. 

20.33  '• 

1,321  gals. 

106,000  lbs. 

130,000    " 

15,208    " 

3a8  ft. 


No.  s- 
Figs.  41-42. 


Gothard. 
Maffei. 
4  ft.  8J^  in. 
23.68  sq.  ft. 
Xoo.11    "    " 
1,560.8a   "    " 
1,660.93   '' 
170  lbs. 

15-75  in- 
22.83  •' 
25.20  " 

48.79  " 
8.86  ft. 

26.67  " 
1,850  gals. 
145.500  lbs. 
187,400    " 
22,040    " 

492  ft. 


Stations,  etc.  On  this  basis  we  cannot  report  exactly  the 
economy  due  to  the  coupound  engine,  which  is  evidently 
greater  than  that  reported.  On  the  other  hand,  all  of  this 
economy  is  not  due  to  the  compound  working,  because 
the  machine  is  more  powerful  and  draws  a  heavier  load, 
but  as  it  is  not  sensibly  heavier  than  the  other  and  as 
the  double  expansion  here  has  allowed  us  to  make  this 
arrangement  in  a  practical  manner,  at  the  same  time  really 
simplifying  the  engine,  I  believe  that  the  entire  saving  can 
justly  be  credited  to  the  compound. 

For  standard  gauge  I  might  mention  the  35-ton  engines 


tion  in  the  arrangement  of  the  steam-pipes.  This  is  the 
case  where,  in  spite  of  the  adversaries  of  the  system,  the 
compound  engine,  which  they  represent  as  complicated,  is 
really  the  opposite  and  does  away  with  complication  in 
certain  delicate  parts  of  the  locomotive. 

This  might  be  the  place  to  say  something  of  the  starting 
arrangements  and  of  the  valve  gear  used  on  compound 
engines  of  three  or  four  cylinders,  as  we  have  already 


*  These  engines  are  exceeded  in  weight  by  the  locomotives 
for  the  St.  Clair  Tunnel,  lately  completed  at  the  Baldwin  Works. 
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spoken  of  those  parts  of  the  two- 
cylinder  engines.  The  question  of 
starting  has  less  importance  for  the 
first,  and  it  has  generally  been  con- 
sidered sufficient  to  put  in  a  valve 
permitting  direct  steam  from  the 
boiler  to  be  used  in  starting  ;  a  safe- 
ty-valve or  reducing  valve  limits  the 
pressure,  which  can  thus  be  made 
one-half  the  boiler  pressure.  In 
some  of  the  Decauville  engines  I 
have  placed  a  starting  valve,  which 
allows  both  groups  of  cylinders  to 
be  worked  as  ordinary  engines  in 
case  of  necessity.  In  the  heavy  en- 
gine on  the  Gothard  Railroad  a  sim- 
ilar apparatus  has  been  put  in,  so 
that  the  engine  can,  when  required, 
start  heavy  trains  on  the  long  grades 
of  2.6  per  cent. 

We  have  seen  above  that  Mr. 
Webb  had  recently  proposed  to  use 
an  arrangement  of  this  kind  on  his 
engines  ;  but  this  arrangement  would 
only  be  justified  by  coupling  the  two 
groups  of  driving-wheels. 

In  the  Baldwin  engine  the  high- 
pressure  cylinders  carry  a  steam- 
pipe  which  joins  their  two  extremi- 
ties and  a  valve  which,  when  opened 
at  starting,  admits  the  steam  from 
the  boiler  through  the  snjall  cylin- 
ders to  act  upon  the  large  pistons, 
which  only  work  in  starting.  It  is 
possible  that  this  arrangement  has 
been  a  second  thought,  for  it  does 
not  appear  to  us  to  conform  very 
well  with  the  method  of  connecting 
the  two  cylinders  of  each  pair. 

In  compound  engines  with  three 
or  four  cylinders,  all  the  systems  of 
valve  gear  used  on  the  two-cylinder 
engine  can  be  applied,  and  we  shall 
not  insist  upon  this  point.  We  may 
say,  however,  that  several  engineers, 
Mr.  Webb  among  others,  think  that 
it  would  be  sufficient  to  give  the  low- 
pressure  cylinders  a  fixed  opening 
equivalent  to  50  or  60  per  cent,  of 
the  stroke,  which  would  make  it  pos- 
sible to  use  a  single  eccentric  for 
each  cylinder.  This  arrangement 
has  been  used  on  the  locomotive 
Jeanie  Deans,  of  the  London  & 
Northwestern.  It  is  evident  that  in 
this  case  we  must  give  up  the  use  of 
the  low-pressure  cylinders  in  start- 
ing, and  it  remains  to  be  seen 
whether  the  use  of  a  single  eccentric 
is  good  practice  on  a  locomotive. 
This  system,  however,  has  been  used 
for  the  low-pressure  cylinder  of  the 
compound  engine  of  the  steamboat 
Hirondelle,  running  on  the  Seine  ; 
this  engine  is  run  at  180  revolutions 
per  minute. 

In  our  compound  articulated  en- 
gines there  is  a  special  arrangement 
for  connecting  the  reversing  shafts 
•  of  the  two  groups  which  are  not 
parallel  on  curves.  On  curves  of  a 
very  small  radius,  where  consequent- 
ly the  axes  of  the  two  groups  make 
a  sharp  angle,  sometimes  6°  and 
more,  in  the  Decauville  engine  there 
is  a  shaft  carrying  in  the  center  a 
universal  joint,  of  which  the  left- 
hand  part  is  coupled  by  a  link  with 
the  forward  reversing  shaft,  while 
the  right-hand  part  is  in  the  setme 
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way  coupled  by  a  link  with  the  reversing  shaft  of  the  rear 
group,  and  receives  by  another  link  the  motion  of  the 
reversing  lever.  In  the  other  engines,  where  the  angle  of 
the  axes  is  much  less,  the  reversing  shafts  of  the  two  groups 
are  joined  by  a  link  placed  in  the  longitudinal  axis  of 
the  engine,  the  ends  of  which  are  attached  by  a  double 
joint  to  the  levers  of  those  shafts.  This  is  an  arrangement 
similar  to  that  adopted  in  the  Fairlie  engines. 

It  is  well  to  remark  that  for  the  distribution  of  steam  in 
four-cylinder  engines  having  two  groups  not  coupled 
together,  we  must  take  account,  as  in  the  Webb  engines, 
of  a  consideration  which  does  not  exist  in  other  types,  or 
at  least  in  the  same  degree.  This  is  the  necessity  of  mak- 
ing for  the  maximum  work  the  power  exerted  by  each 
group  of  cylinders  proportional  to  the  adhesive  weight 
upon  the  corresponding  wheels,  in  order  to  utilize  in  the 
best  way  the  weight  of  the  machine. 

In  engines  with  three  or  four  cylinders  the  pipes  con- 
necting the  high  and  low-pressure  cylinders  are  carried 
through  the  smoke-box  or  not,  according  to  the  general 
arrangement  of  the  engine.  Sometimes  a  distinct  steam- 
pipe  for  each  pair  of  cylinders  is  used. 

In  the  articulated  engines  there  is  only  a  single  connect- 
ing pipe,  into  which  the  two  high-pressure  cylinders  dis- 
charge, and  which  leads  to  the  low-pressure  cylinders. 
What  we  have  said  of  this  connecting-pipe  for  two-cylin- 
der engines  can  be  applied  as  well  to  those  of  three  or 
four  cylinders  ;  and  it  is  hardly  necessary  to  say  that  what- 
ever may  be  the  arrangement  adopted,  it  is  necessary  to 
protect  these  pipes  against  cold  wherever  they  come  in 
contact  with  the  exterior  air. 

In  the  accompanying  illustrations,  figs.  32,  33  and  34  are 
outline  views,  showing  respectively  a  side  elevation,  a  plan 
of  the  running  gear  and  a  front  view  and  section  through 
the  smoke-box  of  one  of  the  Decauville  engines  ;  fig.  35  is 
a  longitudinal  section  on  an  enlarged  scale,  showing  the 
steam-pipe  connections,  while  fig.  36  is  a  perspective  view 
of  the  same  engine.  This  engine  was  one  of  those  shown 
at  the  Exposition  of  1889.  Figs,  yj  and  38  show  the  Cen- 
tral Swiss  engine  referred  to  above  ;  figs.  39  and  40  the 
3S-ton  engine  tor  the  Herault  Railroad  and  figs.  41  and  42 
the  heavy  85-ton  engine  for  the  Gothard  Railroad  ;  fig.  43 
shows  one  of  the  engines  built  for  the  Departmental  Rail- 
road, which  is  referred  to  above. 

Having  thus  completed  a  summary  review  of  the  differ- 
ent types  of  compound  locomotives  so  far  built,  we  can 
submit  a  question  :  Is  it  necessary,  or,  rather,  is  it  possi- 
ble to  derive  from  this  examination  any  conclusion  in  favor 
of  the  superiority  of  one  or  other  of  these  types  ?  Is  it 
possible  that  a  definite  general  form  will  be  established  ? 
Such  a  selection  will  justify  those  engineers  who  now  say 
that  they  are  waiting  to  apply  the  compound  principle 
when  practice  shall  have  revealed  such  a  distinct  type  by 
a  process  of  selection  from  the  models  actually  in  use. 

I  do  not  believe  it  ! 

More  than  half  a  century  of  operation  of  railroads  has 
not  succeeded  in  Securing  the  general  adoption  of  one 
position  for  the  cylinders  of  locomotives,  and  many  years 
of  practice  have  not  established  the  superiority  of  one  sys- 
tem of  valve  gear.  It  is  the  same  with  many  other  points  ; 
and  each  engineer  of  motive  power  continues  to  build  his 
locomotives  according  to  his  personal  tastes  and  prefer- 
ences, without  endeavoring  to  make  them  resemble  those 
of  his  colleagues.  It  will  probably  be  the  same  for  the 
different  types  of  compound  locomotives.  All,  or  at  least 
almost  all,  of  the  forms  find  their  justification  in  certain 
cases.  At  the  same  time  we  may  suppose  that  the  two- 
cylinder  type,  which  was  the  first,  and  which  has  made 
the  greatest  actual  advance,  thanks  to  its  comparative 
simplicity  in  construction  and  maintenance,  will  preserve 
that  advance,  since  it  can  be  applied,  as  we  have  already 
seen,  to  almost  every  case  met  with  in  actual  railroad 
practice.  The  type  with  four  cylinders  placed  in  two 
separate  groups  for  fast  engines,  ot  in  tandem  for  heavy 
freight  engines,  will  be  preferred  by  those  who  attach  im- 
portance to  the  objection  raised  to  the  want  of  symmetry 
of  the  two  cylinders.  Finally,  the  articulated  engines 
have  before  them  a  wide  field  for  lines  of  sharp  curves  and 
heavy  grades  ;  the  secondary  lines  for  which  there  is  now 
a  great  demand. 


I  do  not  believe  that  the  future  will  change  this  view. 
It  is,  moreover,  as  I  have  said  above,  almost  exactly  that 
of  the  American  engineers,  whose  opinion  is  worth  care- 
ful consideration,  not  only  because  of  their  judgment  and 
acute  character,  but  also  because  for  them  the  compound 
locomotive  is  a  new  field,  and  is  free  from  all  questions 
of  amour-propre  and  personal  interest,  and  they  are  thus 
placed  in  a  position  for  disinterested  and  independent 
judgment. 

(to  be  continued.) 


PRECISE  HORIZONTAL  MEASUREMENT  ON 

SIDE-HILLS. 


By  Seth  Pratt,  C.E. 

\ 

Let  a  B  represent  one  ox  more  chains.  Set  the  instru- 
ment between  A  and  B.  Take  the  heights  A  D  and  B  E. 
The  difference  of  these  heights  divided  by  the  number  of 
chains  in  A  B  will  give  ttre-difference  in  height  for  one 
chain.  The  accompanying  table  will  show  the  allowance 
to  be  made  for  one  chain,  which  being  multiplied  by  the 


number  of  chains  in  A  B  will  give  the  allowance  in  inches 
and  decimals  to  be  added  to  the  distance  for  full  chains 
of  horizontal  measurement. 

Example  :  Let  A  B  =  3  chains  and  the  difference  in 
height  =  15  ft.  15  -^  3  =  5  ft.  ^y  the  table,  the  correc- 
tion for  5  ft.  is  2.276  in.  Now  2.276  x  3  =  6.828=6-!  in. 
to  be  added  to  A  B,  making  3  chains  of  horizontal  meas- 
urement A  B  =  A  F  =  G  H. 

If  the  slope  for  i  chain  distance  be  such  that  /^will  not 
be  out  of  reach,  the  forward  end  of  the  chain  may  be  held 
up  till  the  plumb  line  /'//ceases  to  move  forward,  when 
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it  will  be  at  the  extreme  outside  of  the  arc  at  F,  and  the 
chain  will  be  horizontal.  The  correction  for  i  chain  in 
ordinary  measurement  may  easily  be  determined  mentally 
with  reasonable  accuracy  by  multiplying  the  square  of  the 
difference  of  level  in  feet,  as  estimated  by  the  eye  by  i!',,. 
for  the  correction  in  inches  and  decimals.  Thus  :  For  6 
ft.  difference,  6  x  6  x  .09  =3  24  inches.  Error  =  ^V  '"''^' 
For  less  than  6  ft.  the  error  is  still  less. 

In  the  table  the  corrections  are  given  in  inches  and  deci- 
mals of  an  inch  for  differences  from  i  it,  to  20  ft. 
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2^  FOUR-CYLINDER   COMPOUND    LOCOMOTIVE,   CENTRAL  SWISS   RAILROAD. 


1^ 


-tt^JIl 


•    -■■  • 


FOUR-CYLINDER    COMPOUND   LOCOMOTIVE,    HERAULT    RAILROAD. 


FOyR-CYLINDER  COMPOUND  LOCOMOTIVE,   DEPARTMENTAL  RAILROADS, 
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THE    RAILROAD    AND 


[May.  1891, 


THE  ELECTRIC  LIGHT    ON  RAILROADS. 


(Abstract  of  paper  read  before  the  National  Electric  Light  As- 
sociation, by  W.  H.  Markland.) 


Among  the  first  to  make  use  of  the  advantages  afforded 
by  electric  lighting  were  the  steam  railroads  ;  not  as  a 
means  for  lighting  trains,  but  for  lighting  buildings,  etc. 
In  the  year  i88i  the  Pennsylvania  Railroad  introduced  its 
first  electric  lighting  plant  in  a  new  shop  in  Altoona.  That 
proved  quite  a  success.  It  might  also  be  mentioned  that 
the  same  dynamo  and  lamps  are  in  use  to-day.  In  the 
year  1885  the  Pennyslvania  Railroad  commenced  lighting 
its  depot  shed  in  Altoona  by  arc  electric  light  from  its  own 
dynamos,  which  proved  a  success  as  compared  with  the 
previous  gas  light,  although  it  was  crude  to  what  the  com- 
pany now  has. 

The  question  then  presented  itself :  Can  freight  yards 
be  successfully  lighted  by  electricity  to  reduce  accidents, 
facilitate  business  and  prevent  breakage  of  cars  and  con- 
tents ?  The  two  latter  items  are  quite  a  money  considera- 
tion on  any  railroad. 

In  Altoona,  when  drawing  up  the  plan  for  lighting  the 
yards,  the  question  presented  itself :  How  high  and  how 
near  together  shall  the  lights  be  placed  ?  the  problem  of 
lighting  the  freight  yard  being  more  complicated  than 
lighting  a  city  ;  as  in  lighting  a  city  lamps  can  generally 
be  placed  at  street  corners  and  quite  low,  the  general  pub- 
lic being  not  over  particular ;  so  that  under  or  near  the 
lamp  the  light  is  quite  brilliant,  but  in  the  space  between 
lamps  there  is  less  brilliancy. 

For  lighting  where  engineers  and  trainmen  have  to 
work,  it  is  not  the  brilliant  light  that  is  wanted,  but  the 
evenly  distributed  light.  If  a  light  be  too  brilliant,  train- 
men when  near  lamps  will  be  partially  blinded,  as  we 
might  call  it,  for  a  short  time  ;  so  in  the  event  of  their  leav- 
ing a  lighted  space  it  would  be  difficult  for  them  to  dis- 
tinguish objects  or  signals,  and  would  lead  to  complaints. 

In  order  to  get  an  evenly  distributed  light,  lamps  in  Al- 
toona were  placed  on  top  of  65-ft.  poles,  these  being 
about  8  ft.  in  the  ground,  and  set  so  as  to  illuminate 
switches  and  crossovers  where  the  yards  were  narrow. 
Where  yards  were  wide  and  long,  lamps  were  placed 
about  600  ft.  apart,  a  row  on  one  side  of  the  yard  and  a 
row  in  a  broad  alley  that  was  wisely  left  between  tracks 
near  the  opposite  side  of  the  yard,  the  lights  of  the  two 
rows  being  zig-zagged  to  prevent  shadows  and  to  better 
diffuse  the  light.  This  plan  of  lighting  does  not  make  a 
brilliant  light  at  any  point,  it  being  possible,  but  difficult 
to  read  fine  print.  A  light  more  like  moonlight  was  the 
result,  and  proved  very  good  in  practice.  Even  a  clear 
globe  was  objectionable  on  account  of  the  shadows  of  side 
arms.  A  lower-half  ground  globe  was  preferable,  it  hav- 
ing been  proved  by  experience  that  it  was  better  to  lose  a 
little  light  than  to  have  shadows. 

One  noticeable  result  followed  the  introduction  of  this 
light.  It  enabled  the  car  inspectors  to  examine  cars  much 
more  thoroughly,  and,  as  you  all  know,  perfect  car  inspec- 
tion is  ve*y  important.  A  decreased  amount  of  pilferage 
also  followed,  as  the  watchmen  were  able  to  see  persons 
at  a  great  distance  at  night. 

A  few  words  about  the  erection  of  arc  lamps  and  poles 
for  freight  yards.  Poles  must  be  very  well  set  in  the 
ground,  and  guyed  so  as  not  to  sway  from  heavy  rolling 
stock  passing,  or  from  wind.  The  poles,  being  high,  re- 
ceive the  full  benefit  of  the  wind.  A  good,  true  chestnut 
pole  for  lamps,  if  possible  to  obtain,  answers  very  well. 
They  will  cost  when  shaved,  stepped  and  erected  with 
hood  about  !?35.  The  price  will  be  governed  largely  by 
the  cost  of  timber.  Short  poles  must  also  be  well  put  up, 
so  that  there  may  be  no  breaks. 

Railroad  people  are  very  exacting  ;  it  does  not  do  to 
have  any  stops  or  shut-downs.  The  lamps  must  be  kept  in 
good  order.  Maintaining  arc  lamps  near  railroads  is  quite 
different  from  maintaining  lamps  in  most  stores.  If  there 
is  a  poorly  insulated  part  in  the  lamp,  the  soot  will  soon 
find  a  path  for  the  current  across  the  poor  insulation,  and 
out  goes  your  lamp.  Your  cut-out  contacts  will  corrode 
very  fast.     When  it  comes  to  your  rods,  expect  to  have  a 


lot  of  dirty  ones.  In  a  railroad  yard  there  are  things  to 
contend  with  not  common  with  most  lighting,  and  those  are 
smoke  and  steam. 

Get  a  good  reliable,  direct-current  double  carbon  arc 
lamp  that  is  well  insulated.  A  lamp  that  is  heavy,  bulky 
or  having  liquids  is  not  well  adapted  for  the  purpose,  on 
account  of  the  difficulty  of  carrying  it  up  the  pole.  Do  not 
rely  on  the  hooks  of  lamps  for  connection  between  the  lamp 
and  the  hanger  board,  or  they  will  corrode  and  cause 
trouble.  It  is  better  to  always  put  a  piece  of  flexible  wire 
from  the  hanger  board  to  the  lamp  to  carry  the  current. 
Always  use  a  good  insulated  wire  and  good  insulators 
when  running  up  poles  or  side  arms.  It  is  better  to  sjilice 
on  a  piece  of  the  very  best  insulated  wire.  Experience  has 
proved  that  the  wooden  part  of  hanger  boards  is  better  for 
having  some  waterproof  insulation  between  it  and  the  side 
irons  to  prevent  leaks. 

I  do  not  favor  double-pole  switches  on  hanger  boards  in 
freight  yards,  asthey  require  extra  contacts,  the  brass  work 
of  which  soon  corrodes  so  as  not  to  make  good  connec- 
tions, and  leads  to  trouble. 

The  dynamo  should  be  self-regulating  and  easily  kept  in 
order.  As  there  may  be  100  lamps,  taking,  say,  two 
dynamos  for  all  lighting  at  one  point,  it  is  better  to  put  a 
little  more  money  into  dynamos  than  to  pay  high  wages  to 
the  dynamo  tender. 

Keep  as  far  away  from  telegraph  and  telephone  lines  as 
possible.  If  any  damage  is  done  to  either  of  the  above, 
the  railroad  generally  gets  the  worst  of  the  suit.  If  you 
are  going  to  hire  the  lights  from  a  central  station,  see 
that  they  give  you  good  work,  and  make  a  contract  with  a 
rebate  and  fine  for  the  time  lights  are  out. 

If  you  once  properly  put  electric  lights  in  a  freight  yard, 
you  will  never  get  them  out  again  ;  the  trainmen  will  not 
stand  it,  as  they  would  be  in  the  dark  in  more  senses  than 
one  if  the  lights  were  taken  away.  But  if  the  lights 
are  not  properly  put  in,  say,  on  low  poles,  under  40  ft. 
above  ground,  or  not  properly  spaced,  the  chances  are 
there  will  be  complaints  on  account  of  too  much  light  at 
some  one  p)oint  and  too  much  darkness  at  some  other 
point.  Great  care  should  be  taken  to  place  lamps  so  they 
will  not  interfere  with  signals. 

As  to  the  other  uses  for  electric  lights  for  railroads, 
I  do  not  know  that  there  is  much  out  of  the  regular  run. 
The  light  is  used  quite  extensively  for  lighting  depot 
sheds,  where  it  is  more  economical  than  gas  and  de- 
cidedly better.  This  class  of  installation  requires  the 
very  best  of  work  and  insulation,  as  the  smoke  and  steam 
nuisance  enters  in  here.  Even  though  depot  sheds  are 
dry  inside,  porcelain  knobs  should  not  be  used,  glass 
with  a  double  petticoat  being  the  only  kind  now  on  the 
market  that  answers  the  requirements  well,  on  account  of 
the  soot  settling  on  the  insulators. 

It  does  not  do  to  have  a  depot  in  darkness  ;  for  that 
reason  a  depot  shed  should  be  wired  with  two  complete 
circuits,  having  every  alternate  lamp  connected  to  one  cir- 
cuit and  the  remainder  to  the  other.  Then,  in  the  event 
of  a  break  in  the  wire,  only  one-half  the  lights  are  out. 

Experience  has  proved  that  the  arc  light  is  much  superior 
to  the  incandescent  for  "depot  shed  lighting.  With  incan- 
descent lights  the  neceissary  volume  of  light  is  costly  to 
maintain,  and  also  the  globes  of  incandescent  lamps  soon 
become  dirty  from  steam  and  smoke,  which  interferes  with 
the  light,  or  takes  considerable  labor  to  clean  them  off. 

For  freight  transfer  stations  the  arc  light  is  very  satisfac- 
tory. It  enables  the  men  to  quickly  distinguish  marks  on 
merchandise,  and  also  enables  the  foremen  to  see  what  the 
men  are  doing,  preventing  loafing.  One  2,000  nominal 
candle-power  arc  lamp  to  about  1.500  sq.  ft.  of  floor  space 
will  generally  light  a  transfer  station  where  lamps  can  be 
zig-zagged.  Where  transfer  stations  are  narrow  more 
light  per  square  foot  should  be  allowed.  On  a  platform 
about  10  ft.  wide,  as  they  generally  are,  one  light  every  60 
ft.  gives  good  illumination. 

1  doubt  if  the  arc  light  can  compete  with  gas  for  this 
purpose  as  far  as  cost  is  concerned,  taking  transfer  stations 
as  they  are  generally  lighted  by  gas  and  as  they  should  be 
lighted  by  arc  lights.  Yet  I  believe,  taking  the  amount 
saved  in  labor  and  from  pilferage,  that  the  electric  lights 
more  than  pay  for  themselves. 
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I  hear  that  an  electric  headlight  has  lately  been  brought 
ut  whi'.h  it  is  claimed  will  illuminate  a  track  for  a  mile  or 
°  ore.  1  a"™  o^  ^^^  opinion  that  the  light  will  not  come 
into  "cneral  use.  In  ihe  first  place,  a  light  for  this  pur- 
nose  should  not  be  too  strong,  or  it  will  blind  an  engineer 
coming;  in  the  opposite  direction,  this  being  a  serious  ob- 

lection.  ,        .   ', 

If  anv  inventor  wishes  to  get  up  an  electric  locomotive 
headli  "^ht,  let  him  confine  himselt  to  one  of  low  candle- 

o^yer—the  present  ones  are  about  20-candle-power.  I 
do  not  think  one  of  over  100  candle-power  will  be  in  de- 
mand until  railroads  are  illuminated  from  one  end  to  the 
other  by  electric  light,  which  will  be  the  case  in  the  future, 
and  then  the  headlight  will  not  be  required. 

These  points  are  necessary  for  an  electric  headlight : 
First,  and  all  important,  reliability  ;  second,  simplicity. 
Economy  you  can  leave  out.  If  you  can  get  50  per  cent, 
of  what  can  be  attained  in  a  station,  it  will  do.  One  thing 
must  be  borne  in  mind— engineers  are  not  electricians. 
Thus  a  dynamo  and  lamp  must  be  as  simple  as  the  air- 
brake, and  no  more  liable  to  get  out  of  order. 

The  experiment  has  been  tried  of  lighting  cars  by  elec- 
tricity. While  it  has  proved  a  success  in  some  cases,  as 
far  as  convenience  is  concerned,  financially  it  has  not 
proved  a  success.  Electric  lighting  of  trains  is  a,  luxury 
to-day,  and  will  continue  to  be  until  some  more  economical 
plan  is  invented.  The  advance  that  is  being  made  with 
the  use  of  gas  as  an  illuminant  for  cars  is  leaving  electric- 
ity behind.  From  the  best  information  I  can  get,  it  costs 
50  cents  per  hour  to  light  a  car  by  electricity  from  storage 
batteries,  against  5  cents  per  hour  from  carburelted  air. 

The  electric  light  is  used  to  some  extent  by  different  rail- 
roads for  lighting  wrecks  or  any  construction  work  that 
requires  night  work.  For  this  purpose  the  Pennsylvania 
Railroad  and  the  Cumberland  Valley  road  have  a  car  fit- 
ted up  with  boiler,  dynamo,  engine,  water  tanks  and  coal 
bunker,  and  all  the  tools  necessary  for  a  central  station. 
With  a  car  of  this  description,  quick  work  in  getting  lamps 
in  place  is  all  important.  In  one  case,  after  the  Johns- 
town tlood,  I.  with  the  help  of  four  men  and  the  engineer, 
put  up  six  arc  lamps,  put  up  the  poles  for  the  lamps  (which 
were  designed  for  the  purpose  and  carried  on  the  car),  ran 
the  wire,  coupled  up  the  lamps,  and  had  the  lamps  going 
in  35  minutes  from  the  time  we,  with  the  car,  Jamps,  poles 
and  wire,  arrived  on  the  ground.  The  lights  were  dis- 
tributed some  distance,  one  being  about  one-third  of  a 
mile  away.  I  doubt  if  construction  work  was  ever  done 
quicker. 

To  give  an  idea  of  what  the  Pennsylvania  Railroad  Com- 
pany thinks  of  the  electric  light,  I  might  say  that  its  new 
Juniata  shops  at  Altoona,  having  about  100.000  sq.  ft.  of 
floor  space,  are  lighted  entirely  by  the  electric  light  ; 
there  is  not  a  pipe  for  illuminating  gas  in  any  of  the  build 
ings.     All  the  traveling  cranes  are  run  by  electricity. 

The  Pennsylvania  Railroad  Company  believes  that  good 
electric  work  pays.  I  doubt  if  any  station,  central  or  iso- 
lated, has  more  reliable  or  better  designed  appliances  or 
more  artistic  work  than  can  be  found  at  the  Juniata  shops 
of  that  company. 


THE  SEINE  TUNNEL. 


The  construction  of  the  new  line  of  the  Western  Rail- 
road from  Port  Audcmer  to  Havre,  which  was  intended  to 
give  a  second  railroad  connection  to  that  important  city, 
required  a  crossing  of  the  Seine  near  Quilleboeuf,  which 
was  the  most  troublesome  part  of  the  proposed  line.  It 
was  impossible  to  build  a  bridge  over  the  river  at  that 
poiiu  \vithout  seriously  obstructing  navigation,  and  as  on 
one  side  of  the  river  the  alluvial  formation  extended  to  a 
great  depth,  the  building  of  an  ordinary  masonry  tunnel 
would  be  very  expensive.  Under  these  circumstances  it 
Was  at  first  proposed  to  use  a  steam  ferry  upon  which  cars 
cou'.d  be  carried  across  the  river  ;  but  upon  further  inves- 
tigation it  was  found  that  this  would  be  much  more  diffi- 
cult and  expensive  than  was  at  first  supposed,  owing  to 
the  constantly  shifting  nature  of  the  river  banks,  the  great 
variations  in  the  level  of  the  river  and  the  difficulty  of 
making  the   crossing  with  a  large  ferryboat  at  certain 


stages  of  wind  and  tide,  which  would  be  sure  to  carry  the 
boat  out  of  its  course.  After  some  consideration  a  plan 
has  been  prepared  for  building  a  tunnel  under  the  river. 
The  total  length  of  this  tunnel  between  the  approach  cut- 
tings at  either  end  will  be  4,500  m.  (14.760  ft.)  ;  about 
2,000  m.  (6,560  ft.)  of  this  distance  on  the  eastern  bank  of 
the  river  is  through  solid  ground,  composed  chiefly  of 
chalk  of  different  composition,  and  in  this  part  an  ordinary 
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masonry  tunnel  can  be  built  without  difficulty  and  without 
unusual  expense.  For  the  remaining  2,500  m.  (8.200  ft.), 
which  passes  under  the  bed  of  the  river  and  through  the 
great  alluvial  deposit  west  of  it,  a  tunnel  will  be  con- 
structed with  cast-iron  lining  somewhat  on  the  same  princi- 
ple which  has  been  adopted  for  the  Hudson  River  tunnel 
and  for  the  recently  constructed  City  and  South  London 
Railroad.  The  tunnel,  which  will  only  be  large  enough 
tor  a  single  track,  will  be  circular  in  form,  with  an  ex- 
ternal diameter  of  5.50  m.  (18  04  ft.),  a  clear  internal  space 


of  5.20  m.  (17.06  ft.).  The  ties  will  be  laid  at  the  bottom 
in  a  bed  of  beton,  in  which,  under  the  center  of  the  track, 
a  drain  is  provided  to  carry  off  water  which  may  accumu- 
late. In  the  accompanying  illustration  hg.  i  shows  a  sec- 
tion of  the  cast-iron  tunnel,  the  dimensions  being  in 
meters%»^  fig.  2  is  a  longitudinal  section  showing  two 
lengths  of  the  cast-iron  rings  of  which  the  tunnel  lining  is 
composed  ;  fig.  3  shows  a  joint  in  the  cast-iron  ring  on  a 
larger  scale  ;  fig.  4  shows  one  of  the  ventilating  shafts,  and 
fig.  5  a  section  at  one  of  the  recesses  made  for  the  work- 
men. 
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The  tunnel  will  have  from  either  end  a  descending 
grade  of  about  45  ft.  to  the  mile,  while  in  the  center  under 
the  bed  of  the  river  the  grade  will  be  level  for  a  distance 
of  560  m.  (1,836.8  ft.).  At  each  end  of  this  level  section  a 
shaft  will  be  sunk  for  drainage  and  ventilation,  and  the 
arrangement  of  one  of  these  shafts  is  shown  in  fig.  4. 
The  shaft  will  be  lined  with  cast-iron  segments  similar  to 
those  in  use  in  the  tunnel,  and  will  be  3  m.  (9.84  ft.)  in  di- 
ameter, descending  below  the  level  of  the  tunnel,  the 
lower  portion  forming  a  well  into  which  the  drainage  of 
the  tunnel  can  be  discharged,  and  whence  the  water  can 
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be  pumped  to  the  surface.  At  the  level  of  the  tunnel  a 
large  opening  is  made  which  will  serve  for  ventilation. 
As  the  intention  is  to  use  only  a  single  track,  it  is  thought 
that  the  passage  of  trains  from  either  direction  will  serve 
to  clear  the  tunnel  of  smoke  and  gas,  and  it  is  also  pro- 
posed to  try  a  car  of  peculiar  construction,  having  a  circu- 
lar front  nearly  filling  the  entire  diameter,  for  this  purpose 
also.  If  necessary,  however,  a  system  of  artificial  ventila- 
tion can  be  adopted. 

As  shown  in  figs,  i,  2  and  3,  the  tunnel  lining  will  be 
composed  of  cast-iron  rings  0.50  m.  (1.64  ft.)  in  length, 
each  ring  being  composed  in  its  turn  of  12  cast-iron  plates, 
all  of  the  same  dimensions,  and  one  smaller,  or  key-plate, 
placed  at  the  top  of  the  ring.  The  segments  and  the  rings 
themselves  will  be  joined  together  by  bolts,  as  shown  in 
fig-  3.  with  proper  packing  for  the  joints.  At  regular  dis- 
tances niches  wi<l  be  placed  in  which  the  men  employed  in 
the  tunnel  can  stand  during  the  passage  of  trains  ;  one  of 
these  is  shown  in  fig.  5. 

The  method  employed  in  driving  the  tunnel  will  be  sub- 
stantially the  same  as  what  is  known  in  England  as  the 


Greathead  process,  a  shield  being  worked  ahead  of  the 
tunnel  under  the  protection  of  which  the  sand  is  excavated 
and  the  iron  rings  placed  in  position.  The  head  or  shield 
can  be  forced  forward  by  hydraulic  pressure,  and  the  exca 
vation  can  proceed  steadily  as  it  advances.  "With  an  iron 
lining  it  is  necessary  to  take  out  very  little  more  material 
than  the  space  actually  filled  by  the  tunnel.  In  all  cases 
it  is  proposed  to  protect  the  outside  of  the  iron  casting  by 
a  coat  of  hydraulic  cement,  which  will  be  forced  in  as  each 
ring  is  placed  in  position.  This  cement  will,  it  is  be 
lieved,  protect  the  iron  from  rusting. 

The  cost  of  this  metallic  tunnel  is  very  much  less  than 
of  a  masonry  tunnel,  and  at  the  same  time  it  can  be  car- 
ried out  in  places  where  the  nature  of  the  soil  would  render 
the  excavation  required  for  a  masonry  tunnel  enormously 
expensive,  or  even  impossible. 


OUR  NAVY  IN  TIME  OF  PEACE. 


By  Lieutenant  Henry  H.  Barroll,  U.  S.  N. 


(JConcludid  from  pagt  174.) 


THE  NAVAL  OBSERVATORY. 

The  Naval  Observatory  has  for  the  greater  part  of  its 
field  of  work  scientific  research  into  the  realms  of  astrono- 
my— a  duty  that  the  civilized  world  in  all  ages  owes  to 
future  generations. 

There  is,  however,  much  astronomical  work  done  here 
that  directly  advances  the  interests  of  those  engaged  in 
commercial  pursuits.  The  times  of  transit  of  various 
heavenly  bodies  are  here  computed,  star  tables  arranged 
and  published,  signals  sent  each  day  to  all  parts  of  the 
United  States,  and  time-balls  dropped  at  exact  meridian 
time,  by  electricity,  that  our  clocks  and  chronometers  may 
always  be  exactly  regulated  to  the  time  of  our  several 
meridians. 

It  would  be  impracticable  inr^he  limits  of  this  article  to 
attempt  to  describe  the  various  problems  that  enter  into 
the  study  of  the  heavenly  bodies  and  their  motions.  Some 
of  these  are  intricate  and  almost  hopeless  problems  ;  yet 
the  final  solution  of  these  would  bring  us  nearer  to  a  knowl- 
edge of  those  laws  that  govern  the  universe  ;  and  there 
are  none  of  us  who  do  not  realize  that  such  work  is  of 
benefit  to  mankind. 

Many  of  these  investigations,  such  as  the  examination  of 
the  variable  and  recurring  spots  upon  the  sun,  the  flicker- 
ing waves  of  the  Aurora,  and  the  effect  of  these  phenomena 
upon  the  variation  of  the  magnetic  needle,  are  in  the  im- 
mediate advancement  of  civil  interests. 

The  most  important  part  of  the  astronomer's  work  con 
sists,  not  in  the  taking  of  the  observations,  but  in  the  col- 
lating, arranging  and  publishing  in   proper  form  of  the 
results  thus  obtained. 

In  late  years  two  new  sciences  have  been  called  into  use 
to  assist  astronomical  research — Photography  and  Spectro- 
scopic Analysis.  Investigation  of  the  heavenly  bodies  by 
the  aid  of  these  methods  has  been  attended  with  good  re- 
sults. Their  use  in  connection  with  astronomy  has  neces- 
sitated the  invention  of  several  new  words,  among  which 
is  Astro-photography,  the  title  of  one  of  the  new  methods 
of  investigation. 

Astro-photography  has  been  largely  used  in  recent  ob- 
servations of  eclipses,  and  of  the  transit  of  Venus.  Of  all 
astronomical  phehomena,  the  transit  of  the  planet  Venus 
probably  contains  for  the  astronomer  the  greatest  amount 
of  interest.  It  is  from  this  transit  that  we  are  enabled  to 
estimate,  even  as  approximately  as  we  now  do,  the  dis- 
tance from  the  earth  to  the  sun,  and  to  the  various  other 
planets  of  our  solar  system. 

There  are  but  two  of  the  planets  whose  orbits  lie  be 
tween  the  earth  and  the  sun.  Mercury,  nearest  to  the  sun, 
travels  in  a  path  much  closer  to  that  body  than  to  the 
earth.  Observations  of  its  transit,  therefore,  cannot  be 
relied  upon  for  the  determination  of  distance,  as  a  small 
angle  would  have  to  be  used  in  order  to  determine  a  larger 
one— always  a  source  of  probable  error. 

In  the  case  of  Venus,  however,  its  orbit  being  nearer  to 
the  earth  than  to  the  sun,  the  reverse  of  these  conditions 


Vol.  LXV,  No.  5.] 


ENGINEERING    JOURNAL. 


2X1 


btains,  while  the  planet  itself  being  larger,  the  observa- 
tion of  its  passage  across  the  sun's  disk  is  more  practica- 

X  transit  of  Venus,  then,  furnishes  a  means  of  procur- 
ing from  the  angular  positions  of  the  planet  at  the  first. 
middle  and  last  points  of  transit  data  from  which,  by  a 
ratio  of  angles,  we  can  approximately  determine  the  dis- 
tance of  our  earth  from  the  sun  ;  and  later,  by  the  employ- 
ment of  this  distance  so  determined,  can  also  find  that  of 
the  other  planets. 

"  Successive  transits  of  Venus  occur  at  intervals  of  about 
ci?ht  years  ;  and  these  times  of  transit  are  now  looked 
forward  to  with  great  interest,  since  each  recurrence  of 
the  phenomenon  may  give  a  little  further  insight  into  that 
unfathomable  space  that  we  call  the  universe. 

It  is  of  importance  that  the  observations  of  the  transit 
be  taken  from  points  widely  separated  on  the  earth's  sur- 
face, that  the  lines  of  sight  obtained  may  be  as  diverse  as 
possible.  Under  the  direction  of  the  Naval  Observatory, 
parties  are  generally  sent  to  some  foreign  quarter  of  the 
globe  for  the  purpose  of  observing  this  transit. 

For  many  years  the  observation  of  the  transit  of  Venus 
has  been  made,  the  earliest  of  which  we  have  any  record 
being;  that  made  in  1639  ^Y  Jeremiah  Horrocks,  a  youthful 
English  astronomer. 

The  observations  made  in  1761  and  1769  were  attended 
with  special  success.  The  mean  of  the  greatest  and  least 
distances  of  the  sun  from  the  earth,  as  determined  by  the 
observations  of  those  years,  was  placed  at  about  96,000,000 
miles.  Later  observations  have  tended  to  reduce  this  dis- 
tance, which  is  now  believed  to  be  between  91,000,000  and 
92,000,000  miles. 

It  may  seem  that  there  is  not  much  accuracy  reached 
when  the  distance  sought  after  is  still  in  doubt  to  the  ex- 
tent of  a  million  of  miles  ;  but  it  must  be  remembered  that 
this  is  a  result  of  a  start  from  utter  ignorance,  and  that  the 
measurement  has  been  made  while  the  earth  has  been 
plunging  along  in  her  orbit  at  the  rate  of  19  miles  a 
second. 

LONGITUDES   BY   ELECTRICITY. 

Much  danger  to  navigation  results  from  the  fact  that 
many  well-known  points  and  headlands  were  in  former 
times  erroneously  placed  upon  charts,  owing  to  the  wrong 
determinations  of  longitude.  The  determination  of  lati- 
tude is  a  simple  problem,  and  is  not  so  liable  to  error. 
The  determination  of  the  longitude  of  a  place,  however, 
depends  entirely  upon  the  accuracy  of  the  time-piece  em- 
ployed in  making  the  calculation  ;  and,  therefore,  many  of 
the  earlier  established  points  were  later  found  to  be  sadly 
in  fault  as  regarded  their  geographical  positions. 

The  manufacture  of  the  chronometer,  which  gave  to  its 
inventor  a  handsome  prize  from  the  Royal  Society  of  Lon- 
don, was  the  turning  point  in  the  establishment  of  correct 
geographical  position.  But  it  is  in  still  later  years  that  by 
the  use  of  the  electric  cable,  and  its  companion,  the  chrono- 
graph or  time-marker,  that  we  are  enabled  to  discover  the 
slightest  differences  in  position  of  longitude. 

The  net-work  of  telegraphic  cables  which  now  encircles 
the  earth  facilitates  the  accurate  determination  of  the 
longitude  of  some  one  point  in  each  great  geographical 
section,  from  which  as  an  origin  the  entire  systems  of 
surveys  of  that  country  may  be  corrected. 

As  a  matter  of  course  this  accurate  determination  by  the 
use  of  the  electric  cable  will  greatly  change  the  positions 
of  some  of  those  points  located  in  ancient  times  by  less 
exact  methods.  This  error  in  the  absolute  position  of 
capes,  bays,  shoals,  etc.,  has  no  doubt  been  responsible  for 
many  of  the  disasters  that  have  occurred  in  navigation  ; 
^nd  the  Hydrographic  Office  has,  for  some  years  past, 
peen  sending  parties  to  different  parts  of  the  world,  mak- 
ing exact  determinations  of  the  latitudes  and  longitudes  of 
points  not  accurately  established. 

It  ip  the  custom  to  determine  closely  the  geographical 

position  of  some  important  point  in  a  country,  and  then 

rom  the  application  of  the  error  discovered  in  the  former 

position  of  this  point,  as  placed  upon  the  chart,  the  entire 

coast  line  of  that  country  can  be  corrected. 

In  the  determination  of  the  longitude  of  the  observatory 

Cambridge,  Mass.,  great  care  was  exercised  to  arrive  at 


its  exact  geographical  position.  It  is  stated  that,  in  order 
to  leave  no  room  for  error  in  this  position,  50  chronometers 
were  used  in  its  determmation  ;  and  these  were  carried 
between  Greenwich  and  Cambridge  a  number  of  times, 
the  error  of  each  instrument  being  cancelled  by  its  return 
to  the  Greenwich  Observatory,  while  the  system  gave  not 
only  a  mean  of  the  50  chronometers,  but  a  mean  of  a  num- 
ber of  observations  with  each  instrument. 

Notwithstanding  this  attempt  to  obtain  accuracy,  and 
which  was  no  doubt  the  most  accurate  wav  in  which,  in 
that  day,  the  observation  could  have  been  made,  the  later 
use  of  the  electric  current,  in  making  longitude  observa- 
tions between  Washington  and  Greenwich,  showed  that 
Washington,  as  determined  from  the  longitude  of  Cam- 
bridge as  an  origin,  was  in  error  to  the  extent  of  i8'  of  arc. 

From  Washington  as  an  origin,  this  work  has  been  con- 
tinued southward  throughout  the  West  Indies  and  to  South 
America — the  true  meridians  of  Havana,  San  Juan  de 
Puerto  Rico,  St.  Thomas,  Port  of  Spain,  Colon,  Vera  Cruz, 
Rio  de  Janeiro,  etc.,  having  been  by  the  assistance  of  the 
ocean  cables  accurately  established  upon  all  charts. 

THE  LIGHT-HOUSE  SERVICE. 

The  looking  out  for  the  numerous  light-houses  and  light- 
ed beacons  that  have  been  established  all  along  the  coasts 
of  the  United  States  is  a  task  of  such  magnitude  that  it  is 
necessary  to  divide  our  territory  into  16  separate  light- 
house districts,  each  of  which  is  under  the  charge  of  a 
naval  officer  as  Inspector,  who  has  charge  of  the  supply- 
ing and  the  keeping  in  position  of  all  of  the  aids  to  navi- 
gation in  that  district. 

The  First,  to  the  Eighth  Districts,  inclusive,  cover  the 
Atlantic  and  Gulf  coasts  ;  the  Ninth,  Tenth  and  Eleventh 
embrace  the  Northern  Lakes  ;  the  Twelfth  and  Thirteenth 
the  coasts  of  California,  Oregon  and  Washington,  and  the 
Fourteenth,  Fifteenth  and  Sixteenth  the  Mississippi,  the 
Ohio  and  their  tributaries. 

There  are  in  existence  in  the  whole  world  about  8,000 
light-houses  and  lighted  beacons.  Of  this  number,  over 
900.  or  considerably  more  than  one-tenth  of  the  entire 
number,  are  owned  and  kept  in  order  by  the  United 
States. 

But  the  number  of  light-houses  is  small  in  comparison 
with  the  multitude  of  other  aids  to  navigation,  which  are 
also  of  fully  as  much  importance  to  navigators.  There 
are  thousands  of  buoys  which  no  doubt  seem  to  the  lands- 
man to  have  been  placed  at  random  in  the  various  chan- 
nels ;  and  yet  it  is  of  the  utmost  importance  that  each  of 
these  is  kept  as  nearly  as  possible  in  its  specified  place. 

Owing  to  the  great  difficulty  in  keeping  some  of  these 
buoys  in  their  proper  places,  small  steam  vessels  are  kept 
constantly  patrolling  the  several  districts  and  replacing 
those  buoys  that  have  dragged  and  repairing  others  that 
may  have  been  injured.  There  are  thus  employed  in  the 
Light-house  Establishment  30  steamers,  known  as  light- 
house tenders,  and  these  as  a  general  rule  are  kept  con- 
stantly at  work.  In  our  Northern  ports  it  sometimes  be- 
comes necessary  to  remove  the  numerous  buoys  during  the 
winter  months,  to  prevent  their  destruction  by  masses  of 
floating  ice  ;  and  in  these  cases  the  buoys  are  replaced  as 
soon  as  spring  weather  assures  their  not  being  destroyed. 

The  importance  of  keeping  these  buoys  in  their  rightful 
positions  may  be  seen  in  the  fact  that  all  of  the  sea-board 
States  have  passed  laws  in  regard  to  their  being  either  ac- 
cidentally or  willfully  removed  from  their  proper  positions. 
The  penalty  for  even  accidentally  removing  a  buoy,  or 
othei  authorized  aid  to  navigation,  and  not  immediately 
giving  notice  of  the  same  to  the  proper  authorities,  is  fixed, 
in  the  several  States,  at  from  $200  to  $300  ;  while  there  is 
a  penalty  of  $50  for  even  anchoring  on  the  line  by  which  a 
range  of  lights  would  be  obstructed. 

The  supplying  of  the  various  light-houses  with  provi- 
sions, oil,  fuel,  etc.,  for  the  running  of  the  large  lanterns, 
steam  fog-horns  and  electric  lights  is  a  matter  of  the 
greatest  importance  ;  and  in  the  case  of  those  light-houses 
marking  outlying  shoals  or  rocks  is  often  attended  with 
danger  and  difficulty. 

As  an  example  of  the  number  of  these  aids  to  navigation, 
and  the  amount  of  work  that  their  care  must  entail  upon 
thpsc  having  them  in  charge,  may  be  cited  the  Fifth,  oi; 
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"  Baltimore"  District,  in  which  there  are  no  light-houses 
and  about  1,200  buoys,  each  of  which  can  generally  be 
depended  upon  as  being  in  its  proper  position. 

The  Light-house  Board  annually  publishes  a  newly  cor- 
rected list  of  all  lights  on  the  coasts  ot  the  United  States. 
There  are  also  published  for  each  district  (in  separate 
pamphlets)  the  list  of  the  buoys  in  that  district,  together 
with  an  account  of  the  position  which  each  buoy  occupies, 
etc.,  and  these  enable  a  navigator,  when  visiting  this  sec- 
tion for  the  first  time,  to  avoid  the  many  dangers  that  they 
are  placed  to  indicate. 

Thousands  of  these  books  are  each  year  distributed,  free 
of  charge,  to  persons  interested  in  maritime  affairs.  In 
each  of  these  buoy  books  is  printed  a  notice,  requesting 
that  any  master  of  a  vessel  finding  one  of  these  aids  to 
navigation  out  of  place,  or  any  light  failing  to  properly 
illuminate  its  intended  space,  will  give  notice  of  the  same 
to  the  Light-house  Board.  In  answer  to  this,  hundreds  of 
items  of  information  of  this  nature  are  being  constantly 
sent  to  the  Inspectors,  and  thus  the  channels  and  coasts 
are  kept  comparatively  well  marked. 

INFORMATION    FROM    ABROAD. 

Another  important  class  of  duty  assigned  to  Naval  Offi- 
cers, and  which  is  of  direct  advantage  to  manufacturers 
and  shippers,  is  that  ot  collecting  information  with  regard 
.to  foreign  ports.  Especially  is  this  of  benefit  in  the  case  of 
those  ports  which  are  seldom  visited,  and  which  are  but 
slightly  known. 

On  every  vessel  in  commission  there  is  one  ofiicer  who, 
in  addition  to  his  regular  drill-duties  and  watch-keeping, 
is  required  to  collect  and  forward  to  the  United  States 
such  information  as  he  can  obtain  with  regard  to  the  man- 
ners and  customs  of  the  people,  their  exports,  imports, 
manufactures,  custom  and  harbor  dues,  the  depth  of 
water,  and  facilities  of  access,  etc..  at  all  of  the  ports 
visited  by  this  vessel. 

The  information  that  is  thus  being  constantly  forwarded 
to  Washington  finally  comes  before  the  citizen,  but  in 
many  cases,  possibly,  through  some  channel  that  does  not 
indicate  the  means  by  which  it  was  collected. 

It  is  not  practicable  in  this  article  to  attempt  to  describe 
the  varied  duties  of  those  officers  attached  to  the  Navy 
Yards,  in  the  equipment,  navigation,  coiistruction,  engineer- 
ing and  ordnance  departments,  or  those  assigned  to  duty 
in  the  manufacture  and  inspection  of  guns,  projectiles 
and  explosives,  steel  inspection,  etc.,  yet  all  of  this  work 
is  of  the  highest  importance.  It  is  not  altogether  to  the 
man  who  fires  the  cannon  that  the  credit  of  its  splendid 
execution  is  due.  We  must  not  overlook  the  years  of 
patient  study,  the  result  of  which  has  been  the  evolution 
of  the  present  Navy  ritle,  the  6-in.  pattern  of  which  recent- 
ly demolished  the  English  armor-plates  designed  to  with- 
stand the  shot  of  a  lo-in.  gun. 

In  concluding  this  subject,  however,  it  may  not  be  amiss 
to  take  a  general  retrospection  of  what  has  been  said  with 
regard  to  naval  duties.  The  introduction  of  the  modern 
steel  cruiser,  to  replace  the  obsolete  wooden  vessel,  has 
necessitated  numerous  and  varied  changes  ;  and  our  Navy 
is  now  in  a  state  of  transition  from  its  condition  in  1865 
to  an  efficiency  approaching  that  of  foreign  navies  at  the 
present  time. 

It  has  only  been  in  the  ships  and  their  armament  that 
the  U.  S.  Navy  has,  at  any  time  in  this  period,  been  be- 
hind foreign  powers.  It  is  unhesitatingly  asserted  that  so 
far  as  the  personnel  of  our  navy  is  concerned,  it  has 
always  favorably  compared  with  those  of  foreign  powers. 
Considering  the  material  from  which  we  have  frequently 
been^compelled  to  draw  for  crews  for  American  men-of- 
war,  the  manner  in  which  these  men  have  been  drilled  and 
held  to  discipline  has  time  and  again  called  forth  the  high- 
est praise  from  foreign  naval  officers,  who  recognize  the 
difficulties  with  which  American  naval  officers  have  had  to 
contend. 

The  greatest  care  should  be  taken  in  the  selection  and 
education  of  those  officers  and  seamen  who  are  in  the 
future  to  man  our  fighting  ships.  Until  recently  our  ves- 
sels, although  officered  from  the  native-born  population, 
have  been  almost  entirely  manned  by  seamen  of  foreign 
birth. 


It  is  not  fair  to  stigmatize  these  men  simply  because  of 
the  fact  that  they  are  foreigners.  They  have,  as  a  gt-neral 
rule,  fairly  executed  iheir  contracts  undertaken  wi-h  the 
Government.  They  entered  the  service  to  obtain  a  certain 
amount  of  money  and  to  do  a  certain  amount  ot  work 
and  in  the  majority  of  cases  they  have  done  wha:  they 
contracted  to  do— either  voluntarily,  or  else  under  the 
pressure  that  can  always  be  brought  upon  them  b)  judi. 
ciously  applied  punishment. 

But  while  work  and  obedience  can  always  be  obtained 
by  the  fear  of  double  irons  or  a  term  in  Wethersfield, 
patriotism  cannot  in  the  same  way  be  instilled  into  a 
man's  heart  ;  and,  therefore,  the  best  results  will  neces- 
sarily be  obtained  from  enlisting  only  Americansvjo  fight 
for  the  American  fi^flb 

It  is  but  natural  tTOt  the  men  picked  up  here  and  there 
all  over  the  world,  and  who  in  many  cases  may  have  recently 
deserted  or  been  discharged  from  vessels  of  other  nationali. 
ties,  will  not  man  our  ships  as  effectively  as  those  who 
have  the  nation's  welfare  at  heart,  in  addition  to  the;;  own 
pecuniary  interests. 

In  many  cases  such  men  would  find  aboard  of  an  Ameri- 
can man-of-war  a  comfortable  birth,  safe  from  detection 
and  secure  against  the  severe  treatment  and  harder  work 
of  the  merchant  service,  owing  to  the  mild  discipline  and 
laws  in  his  favor  that  prevail  aboard  of  a  Government 
vessel. 

Seamen  are  proverbial  growlers — especially  those  of  the 
old  school,  who  have  been  taught  to  consider  this  trait  as 
one  of  their  prerogatives— yet  it  becomes  irksome  to  those 
who  fully  understand  the  true  state  of  affairs  to  hear  a 
foreign  beachcomber  (after  having  gotten  his  stomach 
well  filled  and  his  nakedness  well  clothed  in  the  I'nited 
States  Navy)  inveigh  against  the  severe  discipline  and 
the  hard -work  that  prevails  in  the  Government  service,  as 
contrasted  with  that  ease  and  comfort  he  formerly  enjoyed 
in  the  merchant  service. 

The  persons  most  desirable  for  crews  of  modern  men-of- 
war  are,  first  of  all,  Americans — men  who  wish  to  find  a 
home  in  the  service.  The  navy  is  the  last  place  in  the 
world  in  which  to  seek  a  life  of  ease  and  idleness  ;  nor 
should  it  be  made  an  asylum  for  criminals  fleeing  from 
justice  But  the  man  who  enters  the  naval  service  with 
the  object  of  making  this 
exerts  himself  to  learn  th 
chosen,  whether  as  officer 
ant  life.  Strict  obedienc 
forced  ;  and  whether  he  prop 
apprentice,  if  he  cannot  first 

going  to  be  subordinate  to  his  superiors,  he  had  better  re 
main  outside. 

It  is  not  mere  food  for  powder  that  is  desired.  The 
typical  old  salt — the  American  man-of-war's-man  of 
romance— had  many  fine  points  of  character.  In  the  day 
of  sailing  vessels  there  was  not  his  superior  on  the  face  of 
the  earth  ;  but  he  has  now  about  disappeared,  and  ue  find 
in  his  olace  a  man  of  many  parts— a  curious  conglomera- 
tion of  boatman,  electrician,  artilleryman  soldier,  sailor 
and  engineer,  and  whom  it  would  be  difficult  to  classify 
under  any  one  of  these  lines  of  duty. 

The  method  of  carrying  on  warfare  has  become  a  per- 
fect system  of  machinery  ;  and  there  has,  perforce,  l)een  a 
radical  departure  from  former  methods.  For  example. 
the  boarding  of  a  modern  vessel  of  war,  when  properly 
manned  and  officered,  is,  in  this  day  of  machine  guns,  as 
utterly  impossible  as  would  be  the  capture  of  one  of  our 
fast  modern  cruisers  by  the  swift  saihng  frigate  of  i^'2. 

On  the  other  hand,  while  machine  guns  and  a  'good 
look-out"  give  immunity  from  being  boarded,  the  various 
types  of  stationary  and  movable  torpedoes  present  aaother 
source  of  destruction  of  which  our  predecessors  could  not 
avail  themselves,  and  against  which  they  did  not  have  to 
guard. 

Torpedoes  are,  in  their  turn,  rendered  partly  inefffCti^^ 
by  constructing  vessels  with  double  bottoms  and  \yit'' 
numerous  water-tight  compartments  ;  by  the  use  of  crino- 
line on  the  vessel's  sides  ;  by  wire  nettings  and  torpeoo 
booms,  etc.  ;  while  revolving  search-Kghts  serve  to  p'^c^ 
the  dangerous  torpedo-boat  at  once  under  the  fire  of  rapio* 
firing  and  machine  guns. 
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The  effect  of  the  many  recent  changes  in  the  methods  of 
naval  warfare  cannot  be  accurately  measured  until  two 

Pgat  maritime  nations  are  brought  into  actual  combat. 
Until  then  it  is  all  a  matter  of  conjecture.  It  is  not  prac- 
ticable to  produce  a  war  in  order  to  try  the  effect  of  smoke- 
less powder,  submarine  boats  and  dirigible  balloons.  It 
is  fair,  however,  to  suppose  that  the  next  great  conflict  be- 
tween maritime  nations  will,  from  the  employment  of  these 
and  other  unproved  agencies,  add  wondrously  to  the  naval 
history  of  our  times. 

The  most  probable  effect  will  be  to  require  greater  pre- 
caution, slower  advance  into  action,  less  dash  and  greater 
precision  of  movement  when  once  engaged.  In  this  day, 
more  than  ever,  will  the  man  with  the  coolest  head  win 
the  victory. 

The  ships,  guns,  motive  power,  even  the  men  themselves, 
are  mere  parts  of  a  gigantic  machine,  which  can  properly 
wield  its  immense  force  only  when  all  parts  are  in  thorough 
order  and  working  in  complete  accord.  It  is  needless, 
therefore,  to  say  that  Victory  is  most  likely  to  perch  upon 
the  banners  of  that  nation  who  has  provided  her  navy  with 
the  best  tools. 

It  is  the  knowledge  of  this  absolute  necessity  for  the 
proper  class  of  vessels  that  leads  so  many  naval  men  to 
raise  their  voices  in  favor  of  battle-ships. 


fair,  as  it  would  to  form  our  opinion  of  the  duties  of  a 
sailor,  and  use  as  a  criterion  the  time  he  is  ashore  for 
recreation.  There  is  not  a  busier  class  of  people  in  our 
country  than  the  officers  and  seamen  who  man  our  naval 
vessels. 

It  has  been  impracticable,  in  this  series  of  articles  to  do 
more  than  briefly  outline  the  multifarious  duties  assigned 
to  every  one  in  the  naval  service,  afloat  and  ashore  ;  but  it 
is  hoped  that  these  have  been  sufficiently  described  to  dis- 
prove the  oft- repeated  assertion  that  our  officers  and  sea- 
men form  a  part  of  the  "  Leisure  Class"  of  the  United 

States. 

^ 

A  NEW  FRENCH  STEAMER. 


The  accompanying  illustration,  for  which  we  are  in- 
debted to  the  American  Shipbuilder,  shows  the  steamer 
Polynesien,  recently  completed  at  La  Ciotat,  near  Mar- 
seilles, France,  for  the  Compagnie  des  Messageries  Mari- 
times  and  intended  for  the  line  between  Marseilles  and 
Australian  ports.  The  Polynesien  is  the  third  of  three  sim- 
ilar vessels  built  for  this  line,  the  other  two  being  already 
in  service. 

The  principal  dimensions  of  this  ship  are  :  Length,  502 
ft.;    beam,  59  ft.  6  in.;  depth,  44  ft.;  mean  draft,  24  ft.; 


STEAMER   "POLYNESIEN,"   COMPAGNIE   DES   MESSAGERIES   MARITIMES. 


It  is  generally  supposed  by  those  only  partly  acquainted 
with  the  subject,  that  when  a  naval  officer  advocates  an 
increase  in  our  force  of  naval  vessels,  he  has  some  ulterior 
expectation  of  promotion  on  account  of  this  increase. 
This  is  a  mistake.  He  is  actuated  by  the  thought  that  it 
is  a  duty  that  he,  as  a  professional  naval  man,  owes  to  the 
country  that  has  educated  him  ;  and,  of  course,  also,  by  his 
desire  to  be  the  better  protected  against  the  ignominy  of 
defeat. 

It  is  a  mistake  to  suppose  that  an  increase  of  pro- 
motion will  necessarily  follow  from  an  increase  in  the 
number  of  ships.  The  number  of  officers  allowed  in  each 
grade  is  fixed  by  statute,  and  remains  the  same,  until 
altered  by  a  law  of  Congress,  no  matter  whether  our  navy 
be  composed  of  wooden  gun-boats  or  steel-clad  battle- 
ships ;  and  an  increase  of  the  number  of  vessels  allowed 
to  the  navy  simply  means  a  greater  amount  of  duty  for  the 
same  rank  and  pay. 

When  looked  at  in  this  light,  it  must  excite  respect  to  see 
now  persistently  the  naval  officer  places  to  the  front  that 
J^hich,  although  contrary  to  his  mere  personal  comfort,  he 
knows  to  be  for  the  best  interests  of  the  country. 

in  forming  an  opinion  of  the  amount  of  work  that  any 

Class  of  people  are  accustomed  to  perform,  we  must  be 

carefu]  not  to  make  our  estimate  from  observations  taken 

While  these  people  are  enjoying  a  holiday.    It  would  be  as 

easonable  to  judge  of  the  industry  of  the  agricultural 

^ss  from  an  inspection  of  a  party  of  farmers  at  a  county 


displacement,  8,638  tons.  They  are  fitted  with  excellent 
accommodations  for  passengers  and  have  plenty  of  room 
for  cargo. 

The  engines  are  of  the  triple-expansioa  type,  with  cylin- 
ders 44  in.,  67  in.,  and  106  in.  in  diameter,  by  54  in. 
stroke.  With  a  piston  pressure  of  180  lbs.  and  82  revolu- 
tions per  minute,  these  engines  developed  7,650  H.P.  The 
speed  in  regular  service  is  18  knots  an  hour,  which  is  un- 
usually high  for  ships  employed  in  Australian  and  East 
Indian  service,  as  there  are  very  few  lines — outside  of 
those  between  Liverpool  and  New  York — where  a  speed 
of  15  knots  an  hour  is  exceeded. 

The  peculiarity  of  these  ships  is  in  the  fact  that  steam 
on  them  Hs  made  entirely  in  Belleville  boilers.  This  type 
of  tubulous  boiler  was  illustrated  in  the  Journal  for  July, 
1890,  page  321.  In  these  ships  the  boilers  are  set  in  two 
lines  placed  back  to  back,  as  shown  in  the  transverse  sec- 
tion of  the  ship  given  in  fig.  2.  The  Polynesien  has  20  in 
all,  placed  in  two  groups  of  10  each,  one  smoke-stack  serv- 
ing for  each  group.  They  are  built  to  carry  a  working 
pressure  of  200  lbs.,  but  it  could  easily  be  increased  if  de- 
sired, so  that  the  quadruple  expansion,  with  240  lbs.  initial 
piston  pressure,  could  very  easily  be  used  if  desired.  In 
the  Austr alien  and  the  Tastnanien,  the  sister  ships  of  the 
one  illustrated,  several  voyages  have  been  made,  and  the 
working  of  the  boilers  has  been  admirable.  Some  time 
ago  also  the  Ortegal,  a  freight  steamer  owned  by  the  same 
Company  and  used  on  their  La  Plata  line,  was  fitted  with 
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Belleville  boilers,  and  it  was  found  that  with  an  additional 
steaming  power  of  about  40  per  cent,  the  weight  was  not 
increased  over  that  of  the  Scotch  boilers. 

In  the  Polynesien  the  total  grate  surface  of  the  20  boil- 
ers is  633  sq.  ft.,  and  the  total  heating  surface  23,000  sq. 
ft.  The  entire  floor  space  occupied,  including  a  cross 
passage  at  each  end  of  the  boiler  room  and  one  between 
the  two  groups  of  boilers  and  the  firing  space  at  the  out- 
side, is  84  ft.  9  in.  fore-and-aft  by  29  ft.  6  in.  athwartship, 
so  that  the  boilers,  fire-rooms  and  passages  use  about 


2,500  sq.  ft.  of  floor  room.  In  addition  to  the  economy  in 
space  there  are  the  further  advantages  of  compactness  and 
better  distribution  of  weights,  with  opportunities  for  better 
ventilation  and  more  convenient  coal  stowage,  as  the  small 
room  occupied  by  the  steam  generators  permits  the  plac- 
ing of  the  coal-bunkers  immediately  alongside  of  the  fire- 
room.  In  addition  to  this  we  might  mention  the  possible 
advantage  referred  to  above,  of  a  higher  initial  pressure 
and  quadruple  expansion,  the  economy  of  which  will  prob- 
ably not  be  disputed  by  marine  engineers. 


A  COFFER-DAM  WITHOUT  TIMBER  OR  IRON. 


(Condensed    from  paper  read  by  Robert  L.  Harrisjbefore  the  American  So- 
ciety of  Civil  Engineers.) 


In  1869  two  bridge  piers  were  built  in  Croton  Lake, 
N.  Y.,  but  owing  to  the  failure  of  the  railroad  company  it 
was  not  until  1879  *^*^^  ^  single-track  deck  bridge  of  three 
150-ft.  spans  was  placed  upon  them.  This  bridge  was 
supported  by  iron  towers  41  ft.  7  in.  in  height,  the  four 
columns  of  each  tower  resting  on  12-in.  granite  blocks 
6  X  Si  ft.  in  size  placed  at  the  corners  of  the  old  masonry 
piers.  These  piers  were  20  x  7  ft.,  32  ft.  high,  and  rested 
on  timber  cribs  47  x  35  It.  As  shown  by  the  drawings, 
these  cribs  were  of  4-in.  plank  laid  cob-fashion,  gained  i 
in.  and  bolted  together  ;  each  was  divided  into  nine  com- 
partments and  filled  in  with  stone.  One  crib  was  in  18  ft. 
and  the  other  in  20  ft.  of  water,  and  both  had  rip-rap 
around  them. 

In  the  winter  of  1888-89  the  writer  had  charge  of  the  re- 
construction of  the  bridge  to  meet  the  requirements  of  in- 
creased traffic.  After  the  contract  was  let,  holes  were 
drilled  in  the  large  stones  of  the  masonry  bases  for  tests 
and  to  admit  grout  filling  for  possible  cavities.  After  the 
first  few  inches  the  drills  penetrated  with  little  or  no  ob- 
struction, and  the  removal  of  the  top  stones  showed  that 
the  interior  of  the  bases  was  empty,  or  filled  up  with  loose 
stone,  dirt,  rubbish,  etc.,  enclosed  by  only  a  thin  veneer 
of  masonry.  The  only  exception  was  at  the  corners,  where 
solid  masonry  had  been  built  up  from  the  crib  to  carry  the 
columns  of  the  old  bridge,  under  the  orders  of  Mr.  A.  P. 
Boiler,  who  built  it. 

The  tops  of  the  cribs  were  5  ft.  below  the  surface  of  the 
water,  and  so  were  just  inaccessible,  except  by  diving  or 
use  of  caissons  or  coffer-dams.  The  materials  of  the  in- 
side of  the  old  masonry  beds  were  removed  as  well  as 
possible  by  men  in  rubber  clothing,  hooks,  grapplers,  etc.; 


but  the  water  was  very  cold  and  muddy,  and  did  not  per. 
mit  accurate  work.  The  bottom  of  the  lake  was  irregular 
with  many  bowlders,  and  before  disturbing  the  piers  they 
were  reinforced  by  rip-rap  on  all  sides,  with  a  berme  of  7 
to  10  ft.  at  the  top  of  the  cribs  and  an  outside  slope  of  u 
to  I. 

Several  expedients  were  considered  and  rejected  for  ex 
eluding  the  water  from  the  old  masonry  ;  forcing  sheet 
piling  through  the  rip  rap,  covering  the  entire  surface  of 
the  np-rap  with  tarpaulin,  etc.  A  tight  bottom  was  de- 
sired at  any  level  below  the  top  of  the  crib,  and  tight  sides 
thence  to  the  water  surface.  The  idea  was  to  use  the 
materials  that  were  in  place,  and  make  a  caisson  therewith 
without  disturbance,  by  cementing  a  portion  of  the  loose 
mass  of  irregular  stone-filling  in  the  crib  and  as  high  as 
necessary  to  make  good  connection  with  the  shell. 

The  track  upon  the  bridge  was  over  75  ft.  above  the  crib, 
and  grout  could  be  mixed  upon  the  track  over  the  crib 
and  delivered  directly  through  a  hopper,  pipe  and  nozzle. 
This  was  done,  but  the  plan  was  soon  changed  to  pump- 
ing in  the  grout  immediately  at  the  base.  Holes  were 
pushed  among  the  stones  until  a  few  feet  below  the  top  of 
the  crib.  A  long  nozzle  of  i^-in.  iron  pipe  connected  to 
the  discharge  pipe  of  a  No.  2  Douglas  hand  force-pump 
was  inserted  in  one  of  these  holes  to  its  bottom,  the 
water  was  rapidly  pumped  through  for  a  few  minutes,  then 
the  suction  hose  was  suddenly  transferred  to  a  reservoir 
of  grout  composed  of  Alsen  Portland  cement  and  fine 
sharp  sand,  in  equal  parts,  mixed  immediately  before  use; 
two  or  three  barrels  only  of  the  grout  were  slowly  forced 
through  and  the  nozzle  was  then  withdrawn,  but  the  hole 
maintained,  and  the  same  operation  was  proceeded  with 
at  other  distant  holes,  seldom  returning  to  any  hole  on  the 
same  day.  Mr.  Harris's  belief  was  that  in  quiet  water  the 
cement  would  accrete  on  the  surface  of  irregular  stones  at 
and  below  the  level  of  injection,  and  that  by  consecutive 
slight  accretions  at  proper  intervals  of  time  the  voids  be- 
tween them  would  be  filled. 

After  many  days  of  this  work  a  6-in.  Edwards  centrif- 
ugal pump  was  able  to  lower  the  water  in  the  pier  and  a 
few  days  later  to  pump  it  dry.  The  excavation  to  the  crib 
was  then  cacried  on  with  so  little  water  that  at  times  a 
single  man  at  the  hand-pump  kept  it  free,  and  finally  it 
was  possible  to  put  in  concrete,  i  part  Alsen  cement,  i 
part  coarse,  sharp  sand,  and  4  parts  broken  rock  in  solidly 
rammed  layers,  up  to  the  top  of  the  old  masonry  shell. 

Upon  this  filling  new  stone  piers  were  built  22  ft.  10 
in.  X  15  ft.  4  in.  at  the  bottom  and  18  ft.  X  6  ft.  9  in.  at 
the  coping,  and  a  little  more  than  40  ft.  high.  The  new 
superstructure  on  these  piers  consiste(d  of  three  single- 
track  deck-spans  each  156  ft.  9  in.  cenWf^.  The  weight 
upon  the  bed-plates  of  the  old  iron  towers  had  been  over 
17  tons  per  square  foot.  The  weight  of  the  new  structure 
and  its  extreme  load,  applied  within  the  area  of  the  skeleton 
towers  at  top  of  the  bases,  was  under  3  tons  per  square 
foot,  delivered  at  the  crib  at  less  than  7.\  tons  per  square 
foot.  During  the  construction  of  the  new  piers  slow  trains 
were  running  regularly  over  the  old  spans,  which  were 
supported  by  the  tower  columns  resting  on  the  four  almost 
isolated  corners  of  masonry. 

In  this  work  Mr.  Harris  had  made  a  cemented  caisson  in 
the  crib,  at  a  short  distance  below  the  top  of  coffer-dam, 
under  water,  using  the  loose  stones  there  in  place.  Close 
observation  during  the  operations  failed  to  show  loss  of 
cement  into  the  lake  through  the  outside  of  the  rip-rap- 
This  is  accounted  for  by  the  care  exercised  in  forcing 
slowly  but  a  little  grout  at  a  time  at  any  one  hole,  and  in 
giving  it  time  to  accrete  upon  the  near  rocks  before 
another  charge  was  applied. 

This  work  was  emphatically  not  done  of  choice,  but 
under  the  necessity  of  using  the  old  foundations,  and  to 
secure  the  best  results  under  the  existing  conditions 


In  conclusion,  Mr.  Harris  stated  that   this   process 


of 


grouting  can  be  successfully  applied  to  rip-rap,  rubble, 
gravel,  sand  and  quicksand,  and  for  the  convenient  con- 
struction of  coffer-dams,  breakwaters,  etc.,  from  the  ma- 
terials at  hand  or  in  place,  and  that  it  is  useful  for  enlarg- 

ng    or   repairing   various    subterranean   or    subaqueous 

tructures  and  foundations. 
In    the    discussion    following   several    instances    were 
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given  of  piers  founded  on  loose  stone  and  of  masonry 
strengthened  by  forcing  in  cement.  Mr.  Harris  said  that 
about  100  barrels  of  cement  were  used  for  one  of  the  piers 
and  lU  fo""  ^^^  other,  and  that  considerable  difficulty  was 
experienced  by  the  force-pumps  clogging  with  grout  when 
it  was  made  as  at  first,  with  sharp,  coarse  sand.  The 
difficulty  was.  however,  relieved  by  using  sharp,  fine 
sand.  Mr.  Harris  described  taking  from  the  foundations, 
6  feet  from  the  nearest  nozzle,  a  broken  stone  with  sharp, 
acute  edges,  on  the  vertex  of  which  was  an  accretion  of 
cement  une-half  inch  thick.     He  particularly  emphasized 


long,  has  two  corrugated  furnaces  3  ft.  5  in.  in  diameter, 
with  a  grate  surface  of  38  sq.  ft.  and  a  total  heating  sur- 
face of  1.500  sq.  ft.  This  boiler  burns  20. 3  lbs.  of  coal  per 
square  foot  of  tire  grate,  and  is  said  to  evaporate  10  i  lbs. 
of  water  per  lb.  of  coal,  calculated  at  an  absolute  pressure 
of  195  lbs.  These  results,  if  correct,  are  very  satisfactory. 
Apart  from  economy  of  fuel,  this  design  of  boiler  has  an 
advantage  in  equalizing  the  temperature  of  the  boiler  when 
steam  is  being  raised.  The  circulation  of  the  water  is  en- 
sured by  the  gases  at  their  maximum  heat  passing  through 
the  lower  set  of  tubes,  and  it  will  be  seen  that  these  tubes 
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THE  CARSON   BOILER. 


the  special  point  of  the  paper  as  being  the  idea  of  utilizing, 
in  special  cases,  the  existmg  loose  materials  for  a  tight 
permanent  barrier,  or  for  enlarged  fooling  area,  and  that 
a  very  slow,  gradual,  intermittent  application  of  liquid 
cement  mortar  in  calm  water  would,  by  the  sticking  and 
setting  of  successive  thin  films  form  large  accretions  on  the 
surfaces  of  the  adjacent  materials,  which  would  thus  be- 
come monolithic.  The  examples  referred  to  in  the  dis- 
cussion were  of  grouting  in  practically  dry  places,  which  is 
a  familiar  operation  and  well  illustrated  in  the  New 
Croton  Aqueduct.  Grouting  under  water  has  been  done 
in  England  by  W.  R.  Kmipple,  who  used  experimental 
boxes  tilled  with  broken  stone,  to  be  joined  by  cements. 
In  his  harbor  work,  where  the  existing  cavity  was  not 
limited,  he  constructed  walls  to  confine  the  cement.  Mr. 
Harris's  method  is  a  new  application  of  cement  under 
water,  operating  by  gradual  accretions,  similar  to  natural 
processes,  and  not  requiring  any  sides  or  bottom  to  con- 
fine it. 


THE  CARSON  MARINE  BOILER. 


The  accompanying  illustrations  show  an  improved  form 
of  marine  boiler  devised  by  R.  Carson,  of  Hull,  England. 
I"  ig.  I  is  a  half  front  view  ;  fig.  2  a  half  cross-section  ;  fig. 
3  a  longitudinal  section  of  a  boiler  built  for  the  steamer 
luiropc-an,  a  vessel  lately  refitted  with  high-pressure  boil- 
ers and  quadruple  expansion  engines  by  the  Earle  Ship- 
building Company  at  Hull. 

The  principal  feature  of  this  boiler  is  the  use  of  two  dis- 
tinct set  of  tubes,  the  lower  ones  being  3  in.  in  diameter, 
and  the  upper  ones  5  in.  in  diameter.  The  gases  first  pass 
from  the  combustion  chamber  to  the  lower  tubes,  and  then 
through  the  upper  ones  on  their  way  to  the  funnel.  It  is 
tnertfore  likely  that  by  this  arrangement  the  temperature 
of  the  escaping  gases  will  be  considerably  lower  than  in 
the  ordinary  marine  multitubular  boiler,  and  thus  economy 
of  fuel  will  be  effected.  Careful  experimental  trials  and 
actual  practice  in  ordinary  working  confirm  this  conclu- 
^'""      The  boiler,   which  is  13  ft.  in  diameter  and  9  ft. 


sion. 


are  so  arranged  that  there  is  scarcely  any  water  in-the 
lower  part  of  the  boiler  which  does  not  have  heat  directly 
transmitted  to  it. — Industries. 


NOTES  FROM  CHINA. 


The  Viceroy  of  Kwangtung  and  Kwangsi  has  deter- 
mined to  build  a  railroad  from  Kowloon,  opposite  Hong- 
Kong,  to  Canton,  a  distance  of  125  miles. 

This  will  make  the  third  railroad  within  the  Chinese 
Empire,  the  first  being  the  Tientsin-Kaiping  Railroad, 
and  the  second,  the  North  Formosa  Railroad. 

The  Tientsin-Kaiping  line  has  recently  been  extended  to 
Linsi,  a  distance  of  11  miles. 

The  building  of  the  Kirin  extension  is  expected  to  go  on 
during  the  present  year,  but  as  yet  no  definite  announce- 
ment has  been  made. 

MINING. 

The  Viceroy  of  Hupei,  Chang-Chih-Tung,  has  just  is- 
sued a  proclamation  urging  native  companies  to  open  the 
coal  and  iron  mines  of  Hupei,  and  promismg  them  govern- 
ment assistance  and  support  in  introducing  foreign  ma- 
chinery, and  obtaining  the  services  of  foreign  engineers. 

Six  American  miners  and  an  Ingersoll  air-drill  plant 
have  been  recently  added  to  the  force  and  machinery  of 
the  Jeho  silver-mines  (Northern  Chihli)  by  the  manager, 
Tang-King-sing,  who  is  also  the  successful  manager  of  the 
Kaiping  colliery.  The  Jeho  mine  has  not  fulfilled  the  ex- 
pectations entertained  in  regard  to  it  up  to  this  time,  but 
work  is  now  to  be  pushed  more  energetically  in  the  hope 
that  it  may  soon  be  put  on  a  paying  basis. 

John  A.  Church,  formerly  the  Superintendent  of  the  Jeho 
mine,  has  returned  to  the  United  States.  Before  his  de- 
parture he  visited  Kurichow  at  the  request  of  the  Chinese 
authorities,  and  his  visit  led  to  important  discoveries  of 
coal-mines  in  that  province. 
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NATURAL  ASPHALT  AND  THE  PRESERVATION 
OF   IRON  AND  STEEL   STRUCTURES. 


By  a.  B. 


In  the  valuable  paper  of  Mr.  Woodruff  Jones  on  "  The 
Preservation  of  Iron  and  Steel  Structural  Work,"  in  the 
April  ni^ber  of  the  Journal,  an  observation  is  made 
respecting  "  asphalt  and  coal-tar  paints,"  which  requires 
some  further  and  definite  statement  of  facts  to  prevent  it 
from  being  misleading.  He  remarks  that  "  asphalt  and 
coal-tar  paints  run  when  exposed  to  the  sun  and  other 
sources  of  heat,  which  is  a  serious  matter  with  vertical 
surfaces,  and  after  a  time  become  extremely  brittle  and 
scale  off  entirely,  leaving  the  under  surface  exposed  unless 
the  paint  is  constantly  renewed.  In  the  mean  time,  the  ex- 
posed iron  and  steel  are  being  corroded  by  rust,"  This  is 
undoubtedly  true  with  respect  to  such  so-called  "  asphalt" 
paints  as  have  hitherto  been  in  the  market  for  structural 
work,  to  which  it  is  presumable  that  Mr.  Jones  intended 
his  remarks  lo  apply.  But  they  do  not  at  all  apply  to  a 
paint  of  which  almost  the  entire  body  is  natural  asphalt, 
as  the  name  ought  to  imply.  Such  a  paint  does  not  run 
when  exposed  to  the  sun  and  other  sources  of  heat  ;  does 
hot  after  a  time  become  brittle  and  scale  off  and  require 
constant  renewal  ;  and  therefore  does  not  leave  the  iron 
and  steel  exposed  to  corrosion  by  rust.  A  well-made 
paint,  the  body  of  which  is  of  true  natural  asphalt,  can  be 
subjected  to  any  amount  of  heat  on  vertical  surfaces  not 
above  that  of  boiling  water  and  not  run  ;  and  its  qualities 
of  toughness  and  adhesiveness  are  remarkably  persistent 
and  durable.  Its  covering  quality  is  also  excellent,  and 
for  exclusion  of  moisture  and  prevention  of  rust  it  has  no 
superior,  if  it  has  any  equal.  So  adhesive  is  it  and  so 
completely  does  it  prevent  corrosion,  that  when  a  new 
coating  is  required  it  is  best  to  apply  it  over  the  old  paint, 
with  little  or  no  scraping,  thus  saving  a  considerable  item 
in  the  cost  of  maintenance. 

The  trade  use  of  the  term  "  asphalt,"  as  applied  to  cer- 
tain coal-iar  products,  has  naturally  led  to  some  confusion 
of  mind  on  the  subject.  But,  while  these  artificial  products 
have  a  certain  resemblance  to  natural  asphalt  in  some  of 
their  physical  properties,  they  are  yet  chemically  very  un- 
like. They  are,  in  fact,  so  wide  apart  in  essential  qualities 
that  they  are  as  inappropriately  coupled  together  in  the 
same  sentence  as  if  closely  related,  as  things  volatile  and 
involatile,  or  destructible  and  indestructible.  There  is  no 
product  of  coal-tar,  until  the  final  residuum  of  coke  in  the 
still,  the  constituent  oils  of  which  do  not  gradually  volatil- 
ize by  the  heat  of  the  sun  ;  and  coal-tar  products  suitable 
for  use  in  paints  also  easily  become  fluid  when  subjected  to 
heat,  so  that  they  are  liable  to  run  on  vertical  surfaces, 
until,  by  evaporation,  they  are  so  far  advanced  on  the  road 
to  brittleness  that  they  solidify,  and  by  a  little  further  prog- 
ress in  the  same  direction  they  become  brittle  and  scale  off. 
On  the  other  hand,  a  true  asphalt  paint  applied  on  vertical 
surfaces  does  not  become  fluid  when  exposed  to  the  sun  or 
other  source  of  heat  ;  and  its  constituent  oils  are  absolutely 
non-volatile  at  the  highest  temperature  of  the  sun's  heat, 
and  do  not  change  by  oxidation  under  any  ordinary  at- 
mospheric conditions — very  essential  qualities  of  perma- 
nence. It  is  these  properties  which  make  the  finer  kinds  of 
asphalt  so  important  in. the  manufacture  of  coach  and 
other  black  or  dark  Japan  varnishes.  The  wonderful  per- 
manency and  durability  of  natural  asphalt  has  been  demon- 
strated by  the  experience  of  ages.  For  example.  Herodotus 
tells  of  its  use  in  the  construction  of  the  walls  of  Babylon, 
and  this  is  confirmed  by  modern  travelers,  who  find  abun- 
dance of  asphalt  among  the  ruins  of  this  ancient  city.  Sir 
R.  Kerr  Porter  speaks  of  picking  up  among  the  ruins  of 
Babylon  "  large  cakes  of  asphalt,  more  than  lo  in.  long 
and  3  in.  in  thickness,  appearing  to  have  been  the  casing 
of  some  work,  perhaps  the  lining  of  a  water-course." 
These  had  lain  exposed  to  the  elements  for  more  than  two 
thousand  years,  and  yet  retained  their  forms  so  as  to  indi- 
cate their  probable  purpose.  With  any  substance  that 
becomes  brittle  and  perishable  under  the  heat  of  the  sun 
this  would,  of  course,  be  impossible. 


SOUTH  AMERICAN  NOTES. 


BRAZIL. 


Our  Brazilian  correspondent,  writing  about  the  middle 
of  March,  says  that  he  understands  that  announcement 
has  been  made  that  capable  engineers  would  at  present 
do  well  to  try  Brazil.  Upon  this  head  he  makes  the  fol- 
lowing  remarks,  which,  we  believe,  will  be  useful  to  engj. 
neers  in  this  country  and  elsewhere. 

"  So  far  as  1  am  able  to  judge,  such  an  announcement  is 
decidedly  misleading,  and  I  think  you  will  do  well  to  dis- 
courage any  engineer  who  has  fairly  good  prospects  at 
home  from  coming  to  a  country  in  which  politics  and 
finance  are  both  as  unsettled  as  they  are  at  present  in 
Brazil,  unless  he  has  either  a  contract  in  his  pocket  pro- 
vided for  payment  to  his  credit  in  an  American  bank  oi  a 
good  proportion  of  its  salary  in  American  money,  or  un- 
less he  has  extraordinary  influence  with  influential  Brazil- 
ians. It  must  be  borne  in  mind  that  under  the  new  Govern- 
ment patronage,  for  a  time  at  least,  will  take  small  account 
of  individual  merit  ;  that  the  amount  of  work  actually  in 
hand  in  Brazil  is  very  small  ;  that  the  foreign  companies 
executing  works  here  generally  import  their  engineers  un- 
der contract  from  their  own  country  ;  that  Brazil  has  but 
little  capital,  and  at  present  a  very  uncertain  credit. 
Moreover,  the  recent  smash  in  the  Argentine  Republic  has 
turned  loose  a  great  many  engineers,  of  whom  many  try 
Brazil  before  crossing  the  Equator. 

'*  For  a  skillful  promoter  Rio  Janeiro  may  be  a  profit- 
able hunting-ground  for  some  time,  but  for  an  engineer  it 
is  a  very  doubtful  one." 

ARGENTINE   REPUBLIC. 

The  Transandine  Railroad  was  opened  as  far  as  Uspal- 
lata,  and  trains  commenced  to  run  through  March  i.  The 
terminus  of  this  line  is  now  close  to  the  end  of  the  moun- 
tain section,  but  when  it  will  be  completed  is  very  uncer- 
tain, as  work  is  for  the  present  suspended  on  the  crossing 
of  the  Andes,  owing  to  financial  disturbances. 

Argentine  managers  are  urging  a  general  reduction  of 
railroad  fares  and  freight  rates.  In  the  present  condition 
of  the  country  they  believe  that  this  will  be  beneficial,  both 
in  reviving  business  and  in  improving  the  concition  of 
railroads.  The  ditTiculty,  however,  is  that  most  of  the 
lines  are  owned  in  England,  and  that  it  is  almost  impos- 
sible to  make  the  London  directors  appreciate  the  true 
state  of  affairs,  or  to  understand  that  an  increase  in  profit- 
able business  may  often  be  brought  about  by  reduction  in 
rates  in  a  new  country. 

The  first  iron  made  in  the  Argentine  Republic  was 
made  from  hematite  ores  taken  from  the  Romay  Mine, 
recently  discovered  in  the  province  of  Catamarca.  The 
ore  is  said  to  be  of  excellent  quality,  and  to  exist  in  that 
province  in  considerable  quantities.  The  iron  made  from 
it  in  a  small  furnace  built  for  experimental  purposes  was 
of  a  very  good  quality.  It  is  not  at  all  likely,  ho\yever, 
that  a  country  in  which  fuel  is  as  scarce  as  it  is  in  the 
Argentine  can  ever  become  a  great  iron-making  country. 
Fuel  as  well  as  iron  ore  is  urgently  needed. 


THE  UNITED  STATES  NAVY. 


The  third  trial  of  the  Bennington  began  April  i,  hut 
was  postponed  for  a  day  on  account  of  the  breaking  of  a 
pump-rod.  The  damage  was  repaired  and  the  trial  made 
finally  on  April  2,  when  the  ship  made  the  required  iive 
hours'  run,  extending  from  a  point  off  Matinecock  Lig"^ 
through  Long  Island  Sound  to  near  Bartlett's  Reef  Light. 
The  data  reported  are  :  Average  steam  pressure  during 
the  run,  161. 6  lbs.;  vacuum,  24  4  in.;  revolutions  of  main 
engine,  151  per  minute.  The  engines  worked  smoothly  an^ 
well,  developing  a  little  more  than  the  3,400  H.P.  required. 

It  is  stated  that  no  contract  will  be  awarded  for  the  new 
torpedo  boat,  for  which  bids  were  received  some  time 
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ago 


nd  it  is  not  unlikely  that  the  boat  will  be  built  at 


the  N'^w  York  or  the  Norfolk  Navy  Yard 

ORDNANCE   NOTES. 

The  Secretary  of  the  Navy  has  closed  a  contract  with 
Dupont  &  Company,  of  Wilmington,  Del.,  by  which  that 
firm  will  be  enabled  to  establish  a  plant  at  their  powder 
mills  for  making  gun-cotton  and"  smokeless  powder  lor 
naval  uses.  The  plant  to  be  located  at  the  Dupont  Works 
is  the  first  of  its  kind  in  this  country.  Experiments  have 
been  conducted  during  the  last  year  by  the  naval  ordnance 
experts  with  high  explosives,  and  some  valuable  results 
have  been  attained,  notably  with  emmensite,  a  material  in 
torcc  about  equal  to  that  of  gun-cotton.  The  latest  report 
Ironi  the  Torpedo  Station,  where  the  chemical  experiments 
have  been  conducted,  show  that  the  powders  adopted 
abroad  fail  in  complete  homogeneity  and  perfect  stability. 
Meanwhile  the  foreign  tests  are  closely  observed  and  sam- 
ples are  analyzed  at  home,  with  the  result  that  the  bureau 
is  ready  to  domesticate  in  this  country  the  manufacture  of 
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XII. — torpedoes. 

A  SEA-COAST  attack  in  the  olden  time— a  fight  between 
ships  and  forts— was,  relatively  speaking,  a  very  simple 
affair.  Given  depth  of  water  and  manci  uvring  space,  the 
factors  were  simply  those  of  relative  strength  of  wall  and 
bulwark,  weight  of  metal  and  good  or  bad  gunnery.  For 
the  defense,  the  only  auxiliary  aid  available  came  from 
booms,  to  delay  the  approach,  and  fire-ships,  to  damage 
an  assailant.     How  greatly  the  conditions  have  changed. 


THE    DISAPPEARING    MOUNT    FOR    NAVY   GUNS. 


smokeless  powder.  The  contract  entered  into  between 
the  Navy  Department  and  the  Dupont  Works  is  one  of  the 
most  important  ever  closed. 

It  is  stated  that  the  Dupont  Works  have  been  able  to 
make  lately  a  considerable  improvement  in  the  brown 
prismatic  powder  used  for  high-power  guns.  In  a  recent 
test  at  the  Naval  Ordnance  Proving  Ground,  in  an  8-in. 
breech-loading  rifle  of  35  calibers  length,  it  gave  to  the 
projectile  an  initial  velocity  of  2,130  ft.  per  second,  with 
a  pressure  in  the  powder  chamber  of  only  14..8  tons  per 
square  inch.  This  is  equivalent  to  an  increase  in  the  power 
of  the  gun,  which  is  designed  to  give  an  initial  velocity  oi 
2,080  ft.,  with  a  chamber  pressure  of  15  tons.  The  im- 
provements in  the  powder  have  been  such  as  to  give  it 
greater  uniformity  of  combustion,  so  that  the  speed  of  the 
projectile  is  more  gradually  accelerated  throughout  the 
length  of  the  gun,  until  it  leaves  the  muzzle  with  a  higher 
velocity  than  could  be  attained  with  the  oldpr  powder. 

The  Bureau  of  Ordnance  has  prepared  drawings  for  a 
hydraulic  disappearing  mount  for  a  lo-in.  breech-loading 
ntle.  It  resembles  the  pneumatic  carriage  in  general  prin- 
ciple,-except  that  water  under  a  pressure  of  800  lbs.  to  the 
square  inch  is  used  in  place  of  compressed  air.  The  gun 
rests  upon  two  arms,  the  lower  ends  of  which  are  keyed 
to  the  two  ends  of  the  axis  of  a  horizontal  cylinder.  This 
cylinder  is  divided  into  two  compartments  by  a  fixed 
diaphragm.  The  water  is  admitted  through  valves  into 
these  compartments  and  the  gun  is  elevated.  By  turning 
.the  axis  of  the  cylinder  the  water  is  forced  out  through 
small  grooves,  resisting  the  recoil  sufficiently  to  bring  the 
g^in  to  an  easy  stop  at  the  loading  position.  A  mount  is 
'0  be  constructed  on  these  plans  and  thoroughly  tested. 

For  the  accompanying  illustration  of  this  disappearing 
gun-mount  we  are  indebted  to  the  Army  and  Navy  Reg- 
^^fer,  of  Washington. 
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SO  far  as  concerns  the  defense,  may  be  gathered  from  a 
statement  of  what  is  now  considered  necessary  for  the 
proper  protection  of  a  harbor.  In  addition  to  forts  and 
batteries,  the  first  need  is  a  carefully  planned  system 
of  controllable  submarine  mines  ;  then  controllable  tor- 
pedoes ready  to  dart  out  from  the  shore  at  the  will  of  their 
operator ;  floating  batteries  of  light  draft,  armed  and 
armored  more  heavily  than  any  probable  adversary,  and 
lastly,  swift  torpedo-boats  for  the  protection  of  the  mine- 
field, for  harassing  a  blockading  fleet,  to  pounce  upon  an 
enemy's  ship  that  may  become  disabled  or  get  aground, 
and  to  take  every  advantage  afforded  by  fog  or  smoke  or 
darkness  for  attacking  him. 

What  has  heretofore  been  said  concerning  the  defense 
of  a  harbor  has  had  reference  to  the  purely  passive  or  sta- 
tionary means  employed  for  that  purpose.  Under  the 
head  of  torpedoes  reference  is  had  to  all  the  movable  and 
aggressive  contrivances  for  inflicting  injury  upon  an  ene- 
my's shipping,  whether  acting  upon  or  beneath  the  sur- 
face of  the  water.  Like  submarine  mines,  torpedoes  are 
divided  into  two  general  classes — uncontrollable  and  con- 
trollable— the  name  clearly  indicating  the  characteristic 
feature  of  each. 

XIII.— UNCONTROLLABLE  TORPEDOES. 

In  the  uncontrollable  class  are  included  every  torpedo 
which  passes,  when  once  launched,  wholly  beyond  the 
control  of  the  operator,  both  as  regards  its  direction  and 
its  propelling  force.     Various  methods  have  been  adopted. 


2l8 


THE    RAILROAD    AND 


[May,  189,. 


Vol.  LXV,  No.  5.] 


^BKGiNBfiRmG    JdUI^l^AL. 


2x9 


with  more  or  less  success,  looking  to  the  maintenance  of 
a  true  direction  when  once  the  torpedo  has  started  upon 
,15  course,  but  no  means  have  been  devjsed  for  securmg 
its  explosion  except  by  contact  with  some  other  body,  or 
by  mechanism  that  shall  act  at  the  expiration  of  a  dttinite 
period  of  time,  regardless  of  its  then  position  in  relation 
to  the  object  of  attack.  In  this  class  are  the  projectile, 
ihe  rocket,  the  drifting,  and  the  aiito-mobile  torpedo. 

Projectile  torpedoes.  All  torpedoes  projected  against 
an  enemy,  whether  the  actuating  impulse  is  extraneous  to 
themselves  or  self-contained,  can  be  classed  under  this 
head,  but  the  term  as  usually  applied  is  restricted  to  "  a 
case  of  explosive  projected  through  the  water  from  a  sub- 
marine gun."  The  best-known  example  of  this  class  is 
that  invented  by  Captain  Ericsson,  intended  to  be  fired 
from  a  breech  loading  gun  or  tube  built  into  a  vessel  es- 
pecially designed  for  the  purpose  (the  Destroyer).  The 
gun  is  submerged  some  7  ft.,  closed  by  two  water-tight 
valves,  one  of  which,  of  wood,  is  supposed  to  be  shot  away 
and  replaced  after  each  discharge.  A  gunpowder  charge 
of  25  lbs.  gives  a  range  of  some  400  ft.  to  a  torpedo  carry- 
ing 1OO  lbs.  of  explosive.  It  was  experimented  with  in 
18S1  with  fairly  satisfactory  results.  Recently  it  has  been 
taken  in  hand  again,  and  further  trials  will  shortly  be  had. 
The  claim  made  for  this  system  of  torpedo  discharge  is 
that  the  vessel  can  be  so  heavily  armored  as  to  be  practi- 
cally invulnerable — wholly  unlike  the  ordinary  torpedo- 
boat. 

Neither  the  rocket  torpedo,  which  class  embraces  all 
those  that  depend  for  their  propulsion  upon  the  gases  de- 
veloped by  the  burning  of  some  form  of  rocket  composi 


machinery.  There  is  considerable  variation  in  dimen- 
sions, weight  and  charge  of  explosive. 

The  Howell  torpedo  (fig.  23;  has  much  the  general  ap- 
pearance of  the  Whitehead.  The  shell  is  of  brass,  the 
other  parts  of  steel  or  phosphor-bronze.  The  body  is  di- 
vided into  four  sections  :  (i)  The  nose,  carrying  the  hring- 
pin  and  its  mech^sm  ;  (2)  the  explosive  charge  and  det- 
onator ;  (3)  the  »-wheel  and  screw  gears,  and  (4)  the 
diving  and  steering  mechanism.  The  propelling  power  is 
stored  in  a  steel  fly-wheel,  given  a  high  velocity  ot  rotation 
before  the  torpedo  is  launched.  This  power  is  transmitted 
directly  from  the  fly-wheel  to  the  propellers.  The  diving 
mechanism,  which  controls  the  submersion,  is  operated 
upon  by  hydrostatic  pressure,  and  can  be  set  for  any  depth 
from  I  to  12  yards.  After  launching  it  automatically  takes 
the  depth  for  which  set,  and  maintains  its  course  both  ver- 
tically and  longitudinally.  The  fly-wheel  can  be  worked 
up  to  10.000  revolutions  per  minute,  which  will  give  a  speed 
ot  about  22  knots  for  400  yards,  and  an  extreme  range  of 
about  1,000  yards,  although  beyond  the  shorter  distance 
there  will  be  a  considerable  loss  of  speed.  The  8-ft.  tor- 
pedo will  carry  70  and  the  9  ft.  90  lbs.  of  explosive.  For 
accuracy  it  is  superior  to  the  Whitehead,  but  the  latter  has 
the  greater  range  and  velocity. 

Torpedo  discharge.  An  initial  impulse  is  necessary  to 
throw  the  torpedo  clear  of  the  ship  into  the  water.  This 
impulse  may  be  given  either  by  steam,  compressed  air  or 
gunpowder.  Air  and  gunpowder  are  now  usually  em- 
ployed, the  latter  becoming  the  prevailing  method.  The 
discharge  may  be  either  below  or  above  the  surface,  either 
from  fixed,  or  from  training  or  turntable   tubes.       For 


tion,  nor  the  drifting  torpedo,  have  at  present  any  recog- 
inizcd  place  in  the  list  of  practicable  weapons. 
I    Anto-fnobile  torpedoes.     The  auto-mobile  fish  torpedo  is 
^the  only  one  of  the  uncontrollable  class  that  has  reached 
'a  practical  stage  of  development,  and  that  has  a  recognized 
place  in  the  torpedo  armanient  of  the  great  powers.     In  it 
the  power  of  propulsion  is  self-contained,  and    it  may  be 
run  either  upon  or  at  any  desired  depth  below  the  surface 
of  the  water.     The  European  Whitehead  is  the  best-known 
example  of  this  class,  but  this  has  now  a  more  than  prom- 
ising    rival     in  the    American    Howell.       The   German 
jSchwartzkopf  is  simply  a   modified  Whitehead.     All    the 
weapons   of   this  class   are  alike    in  that    they  are  cigar- 
[shaped  bodies,  of  a  length  varying  from  9  to  I9  ft,,  with  a 
maximum  diameter  of  from  14  to  18  in. 
I    The    Whitehead  torpedo  first  appeared   upon  the  trial 
|ground  in   1868,  under  the  auspices  of  the  Austrian  Gov- 
jCrnment.     As  at  present  constructed  it  is  a  cigar-shaped 
jbody  of  steel  or  phosphor-bronze  divided  into  six  compart- 
ments for  the  propelling,  directing  and  exploding  mech- 
|anism.     It  is  driven   by  two  screws,  revolving  in  oppo- 
^sitc  directions  upon  one  shaft,  the  motive  power  neing  air- 
|Compressed   under   a   pressure   of   about    1,000  lbs.    per 
(Square  inch,  and  an  engine.     It  has  an  extreme  range  of 
, about  800  yards,  and  a  speed  up  to  the  half  of  this  distance 
,of  30  knots  per  hour.     The  details  of  the  latest  models* are 
.given  as  follows:    Length,    11. 5   ft.;    diameter,    17.5   in.; 
charge,  no  lbs.  wet  gun-cotton,  and  weight  about  Sooilbs. 
jln  the  Whitehead  advantage  is  taken  of  hydrostatic  pres- 
,sure  to  regulate  the  immersion.     It  is  maintained  at  a  con- 
stant depth   by  horizontal  rudders,  controlled  by  what  are 
known  as  "immersion  regulators;"    and   in   a   vertical 
Pline  by  tixed  vertical  vanes.     The  chief  defect  of  this  tor- 
pedo seems  to  be  a  want  of  stability  in  a  horizontal  plane. 
'^  IS  at  prese:  *  the  only  one  in  actual  service  — using  the 
"ame  to  indie. .te  the  type— and  forms  the  armament  of  all 
European    torpedo-boats.      The    Schwartzkopf  is.   in   all 
essential  particulars,  a  Whitehead,  differing  from  it  in  the 
i^iaterial    for  the  air-chamber  (phosphor-bronze),   and  in 
some  slight  degree  in  the  steering  apparatus  and  motive 


under-water  discharge  the  tubes  are  always  fixed,  and 
from  7  to  9  ft.  below  the  surface  ;  either  in  the  stem  for  for- 
ward or  on  the  sides  for  broadside  discharge.  Owing  to 
the  turmoil  created  by  the  propeller,  stern  discharge  is  apt 
to  be  uncertain.  For  above-water  discharge  the  tubes  are 
usually  movable,  and  from  5  to  9  ft.  above  the  water-line. 
To  aid  in  accuracy  of  discharge,  spron  tubes  are  often 
provided.  These  prolong  the  tubes  about  half  the  length 
of  the  torpedo  beyond  the  sides  of  the  vessel,  and  may  be 
rigged  out  at  pleasure. 

For  gunpowder  discharge  the  French  use  a  disk  of  \  lb. 
of  compressed  gunpowder.  With  air  impulse  the  pressure 
is  sometl'.ing  over  one  atmosphere.  In  either  case  the 
force  employed  is  only  sufficient  to  throw  the  torpedo  clear 
of  the  side.  It  should  fall  flat  upon  the  water,  when  its 
own  motive  and  directive  apparatus  sets  it  upon  its  course 
at  the  proper  depth,  and  supposedly  in  the  right  direction. 
Generally  speaking,  England  and  France  employ  gun- 
powder impulse  only  ;  Austria,  Germany  and  Spain,  air 
impulse,  and  Italy  and  Russia  both.  England,  France 
and  Italy  use  both  above  and  under-water  tubes  ;  Austria 
and  Russia  above-water  discharge  only.  Not  only  are 
torpedo-boats  provided  with  tubes  and  torpedoes,  but  a 
large  percentage  of  recently  constructed  war-ships  have  a 
torpedo  in  addition  to  their  ordinary  armament. 

(to  be  continued.) 


THE  SIOUX  CITY  BRIDGE. 


Mr.  Morison's  report  on  the  Sioux  City  Bridge*  is  a 
very  fully  illustrated  monograph,  containing  a  full  descrip- 
tion of  the  bridge  and  approaches,  from  which,  with  the 
permission  of  the  author,  we  have  taken  the  accompanying 
engravings  and  a  condensed  description  of  the  bridge 
itself.  The  bridge  was  built  to  connect  the  Chicago  & 
Northwestern  and  the  Chicago,  St.  Paul,  Minneapolis  & 
Omaha  Railroads  by  a  crossing  of  the  Missouri  River  in 

•  The  Sioux  City  Bridgr  :  A  rrf-ort  to  Afar7'in  Hrmfif,  Presiiiftit  of  the 
Sioux  City  Bridge  Covipany.    By  Gearge  S.  Morison,  Chief  Engineer. 
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the  neighborhood  of  Sioux  City,  and  was  constructed  under 
the  charge  of  Mr.  Morison  as  Chief  Engineer. 

Ii  is  a  single-track  railroad  bridge,  and  as  originally 
jgsigned  consisted  of  three  spans  ot  400  ft.  each,  resting 
on  masonry  piers,  with  a  plate  girder  span  extending 
from  the  east  pier  to  the  bluff,  and  with  a  short  deck  span 
connecting  the  west  pier  with  the  west  approach.  Owing 
to  changes  in  the  channel  of  the  river,  which  in  the  winter 
of  1887-88  changed  to  the  west  side  instead  of  the  east 
side  of  the  river,  it  was  decided  to  increase  the  length  of 
the  bridge  and  to  make  it  consist  of  four  spans  of  400  ft. 
each  and  a  plate  girder  span  61  ft.  6  in.  long  east  of  pier 
I,  the  total  length  of  the  bridge  proper  being  1,675  ^t. 

The  east  approach  includes  a  bridge  across  the  Floyd 
River,  consisting  of  three  spans  of  plate  girders  resting  on 
two  masonry  abutments  and  two  iron  cylinder  piers,  all 
having  pile  foundations.  It  also  includes  a  timber  trestle 
600  ft.  long.  The  remainder  of  the  line  is  of  earthwork, 
all  being  embankment  except  a  large  cut  through  the 
bluff  immediately  east  of  the  bridge.  The  total  amount 
of  material  in  this  approach  was  166.929  cub.  yds. 

The  west  approach  comprises  a  timber  trestle  1,840  ft, 
long,  extending  west  from  pier  V,  beyond  which  it  is  all 
built  as  an  earth  embankment,  the  total  amount  of  the 
earthwork  in  this  approach  being  66,382  cub.  yds.  Both 
approaches  are  built  with  a  maximum  grade  of  1.25  per 
cent.,  or  66  ft.  to  the  mile. 

The  illustrations  herewith  show  an  elevation  of  the 
bridge  and  approaches  ;  a  plan  of  the  same  and  the  gen- 
eral alignment  of  the  bridge  and  approaches.  The  large 
plate  is  a  general  view  of  the  bridge,^  taken  from  a  photo- 
graph. 

The  superstructure  of  the  bridge  proper,  as  above  noted, 
consists  of  four  through  spans  and  one  plate  girder,  each 
through  span  being  400  ft.  long  between  the  centers  of 
the  end-pins,  divided  into  15  panels  of  26  ft.  8  in.  each, 
the  trusses  being  50  ft.  deep  and  placed  22  ft.  between 
centers.     Expansion  is  provided  on  piers  I,  III  and  V. 

Excepting  the  web  plates  of  ihe  plate  girder,  the  entire 
superstructure  is  of  steel.  The  east  span  is  of  imported 
steel  from  Scotland  ;  the  other  three  spans  are  of  Ameri- 
can steel.  The  imported  steel,  it  is  stated,  was  a  little 
more  uniform  in  quality  than  the  American,  but  was  less 
uniform  in  finish  and  sections,  and  the  weight  of  this 
Scotch  steel  span  is  slightly  in  excess  of  that  of  the  others, 
being  1,114,295  lbs.,  while  the  three  spans  of  American 
steel  weigh  3,330.172  lbs.  The  plate  girder  weighs  41,340 
lbs.,  makmg  the  entire  weight  of  iron  and  steel  in  the 
superstructure  4,485,807  lbs.  :,?; 

The  trusses  are  proportioned  to  carry  a  moving  load  of 
3,000  lbs.  per  lineal  foot,  but  in  calculating  the  effects  of 
a  nrioving  load  the  portion  of  any  strain  in  excess  of  that 
which  would  have  been  produced  by  a  uniform  load  of 
equal  amount  was  taken  on  a  basis  of  5,000  lbs.  per 
foot.  ■  The  top  lateral  system  is  proportioned  to  resist  a 
wind  pressure  of  300  lbs.  per  lineal  foot,  and  the  bottom 
lateral  system  500  Ids.  per  lineal  foot.  The  floor  system 
was  designed  for  a  uniform  load  of  6,000  lbs.  per  lineal 
foot. 

The  compressive  strain  in  the  top  chord  is  limited  to 
14.000  lbs.  per  square  inch  of  balanced  section.  The  ten- 
sile strain  in  the  bottom  chord  is  limited  to  13,000  lbs.  per 
square  inch,  and  that  in  the  web  members  is  kept  some- 
what lower. 

The  spans  were  erected  in  a  remarkably  short  time,  as 
is  shown  by  the  following  statement.  The  east  approach 
girder  was  placed  November  22,  1888.  In  the  through 
span  I-II,  the  first  iron  was  placed  August  4,  1888,  and 
the  span  swung  August  9  ;  in  through  span  II-III  the  first 
iron  was  placed  September  11,  1888,  and  the  span  swung 
September  17  ;  in  through  span  III-IV  the  first  iron  was 
placed  October  20.  1888,  and  the  span  swung  October  26  ; 
through  span  IV-V  the  first  iron  was  placed  November 
13   1888,  and  the  span  swung  November  18. 

The  timber  floor  was  put  on  by  the  Company's  men 
working  under  the  direction  of  the  Resident  Engineer,  and 
the  painting  was  done  in  the  same  way. 

In  one  respect  this  bridge  differs  from  other  bridges 
pver  the  Missouri.  The  piers  are  not  founded  on  rock  or 
IS  there  any  available  rock  to  be  found  in  the  location. 


The  bluffs  east  of  the  river  rest  on  a  prealluvial  gravel 
which  extends  under  the  river,  and  the  piers  are  founded 
in  this  gravel  to  a  depth  of  50  ft.  below  the  alluvial  deposit 
— that  is,  the  piers  are  not  founded  in  the  deposit  made  by 
the  river,  but  in  an  entirely  different  material  which  is 
permanent  in  character,  and  is  the  same  material  which 
forms  the  foundation  of  the  bluffs  adjoining  the  river. 
This  condition  of  things  required  peculiar  arrangements 
for  the  substructure  of  the  bridge. 

This  substructure  comprises  a  small  abutment  at  the 
east  end  and  five  piers,  which  are  numbered  from  east  to 
west.  Pier  I  has  a  pile  foundation,  and  the  other  four  are 
founded  on  pneumatic  caissons  of  the  following  dimen- 
sions :  Pier  II,  28  X  60  X  18  ft.;  pier  111,28  X  60  X  18 
ft.;  pier  IV,  28  x  60  X  18  ft.;  pier  V,  23  X  5°  X  I5  It. 
The  caissons  are  built  of  pine  timber  with  oak  sills  and 
iron  cutting  edges  planked  with  two  thicknesses  of  3  in. 
pine  plank.  The  caissons  are  all  surmounted  by  timber 
cribs,  those  of  piers  II,  III  and  IV  having  the  corners  cut 
off  so  as  to  make  them  of  octagonal  section,  and  that  on 
pier  V  being  of  rectangular  section.  The  cribs  are  built 
of  pine  timber  planked  with  one  thickness  of  pine,  the 
corners  being  plated  with  ^-in.  iron.  Both  caissons  and 
cribs  were  filled  with  Portland  cement  concrete. 

The  caissons  were  built  in  position  on  pile  false-work 
and  lowered  on  long  screws  to  the  bottom  of  the  river. 
The  pneumatic  machinery  was  as  set  up  on  the  east  side 
of  the  river  immediately  north  of  the  bridge  line.  In  the 
spring  of  1888  it  was  transferred  to  the  west  side  of  the 
river  and  setup  there.  A  temporary  pile  bridge  was  built 
50  ft.  north  of  the  bridge  line,  extending  entirely  across  the 
river.  A  service  track  was  laid  across  this  bridge,  and  it 
was  used  for  the  handling  of  material  and  to  carry  the 
pipes  leading  air  and  water  to  the  caissons.  A  year  later 
a  similar  pile  bridge  was  built  from  the  west  shore  as  far 
as  pier  IV. 

Pier  I  is  founded  on  piles  which  were  driven  in  the  ex- 
cavation made  on  the  shore  at  a  considerable  distance 
from  the  river.  The  piles  were  cut  off  at  an  even  eleva- 
tion and  capped  with  two  courses  of  12  X  l8-in.  oak  tim- 
ber. The  masonry  was  erected  on  top  of  this  timber. 
This  pier  is  57  ft.  in  height,  and  at  the  top  is  35  x  8  tt. 

At  pier  No.  II  the  caisson  was  sunk  into  place  through 
the  superficial  deposit  of  sand,  clay,  gravel,  and  boulders 
to  its  final  position  on  the  bed  gravel.  The  sinking  occu- 
pied nearly  six  months,  including  delays  caused  by  high 
water.  The  pier  which  stands  on  this  caisson  is  97  ft. 
6  in.  in  total  height  of  masonry. 

At  pier  III  the  caisson  was  sunk  through  fine  sand  ;  then 
through  a  mass  of  mud.  snags,  gravel  and  boulders  ;  then 
through  a  layer  of  coarse  gravel,  btneath  which  was  clean 
coarse  sand,  the  lower  part  of  this  layer  being  mixed  with 
a  constantly  increasing  amount  of  gravel.  The  work  of 
sinking  this  caisson  was  delayed  by  the  spring  floods.  The 
pier  here  is  95  ft,  in  height  from  the  top  of  the  timber  crib. 

At  pier  IV  there  was  less  delay  in  sinking  the  caisson, 
as  most  of  the  work  was  done  in  the  summer  time,  and 
there  was  less  delay  by  flood.  The  material  through 
which  the  caisson  was  sunk  was  first  fine  sand,  then  coarse 
sand,  gravel  and  mud,  then  a  smaller  sand  with  occasional 
boulders,  then  through  a  mixture  of  sand  and  clay,  then 
through  coarse  sand  and  gravel,  and  finally  through  fine 
compact  sand.  The  total  height  of  the  masonry  of  this 
pier  from  the  top  of  the  crib  was  96  ft.  6  in. 

The  foundation  of  pier  V.  which  was  put  in  before  that 
of  pier  IV,  was  a  little  delayed  by  high  water,  and  pre- 
sented some  difficulties,  owing  to  the  greater  depth  of 
water  in  the  channel  and  the  material  through  which  it 
had  to  pass,  which  was  first  a  soft  blue  mud  followed  by 
the  same  mud  containing  more  or  less  sand,  below  which 
was  a  layer  of  3  ft.  ot  clean  sand  ;  below  this  again  was 
coarse  gravel  interspersed  with  layers  of  clay,  then  coarse 
sand  again  followed  by  more  blue  clay,  which  coiftinued  to 
the  bottom  of  the  foundation.  Much  material  was  found 
here  which  could  not  be  pumped,  and  clay-hoists  had  to 
be  used.  The  height  of  this  pier  from  the  top  of  the  crib 
was  50  ft.  2  in. 

The  dimension  work  of  the  five  piers  which  are  exposed 
to  frost  is  of  granite,  quarried  at  Morton,  Minn,,  and  the 
remainder  of  the  work  is  of  limestone  from   Mankato, 
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Minn.     The  abutment  at  the  east  end  of  the  bridge  is  a 
small  piece  of  limestone  masonry. 

The  amount  of  masonry  and  concrete  in  the  bridge  is  as 
follows  : 


Masonry. 

Pier  1 778.79  cub.  yds. 

Pier  II r. 1,791.48    "  " 

Pierlll 1,749.27     "  " 

Pier  IV 1,781.06     "  " 

PierV 817.9a     "  *• 

East  abutment 71.69    "  " 


Concrete. 


'•915-44  cub.  yd.s. 

1,879.35     "       " 

1,879.3s     "       " 

1,489.03    "       •' 

18.37     "       " 


Total 6,990.21 


7,181.54 


Total  masonry  and  concrete 14,171.75     "       '* 

The  bridge  and  its  approaches  are  owned  by  the  Sioux 
City  Bridge  Company,  which  is  controlled  by  the  Chicago 
&  Northwestern  Company.  The  east  approach  is  1.65 
miles  long  from  its  connection  with  the  main  line  of  the 
Chicago,  St.  Paul,  Minneapolis  &  Omaha  track  to  the  east 
end  of  the  bridge.  The  west  approach  is  1.92  miles  long 
from  pier  V  to  its  connection  with  the  Chicago,  St.  Paul, 
Minneapolis  &  Omaha  track  in  the  bottom  land  west  of 
the  river.  The  Sioux  City  Bridge  Company  also  owns  a 
second  connecting  track  0.18  miles  long,  used  in  reaching 
the  Sioux  City  passenger  station,  so  that  the  total  mileage 
owned  by  the  Company  is  4.04  miles. 

A  considerable  amount  of  riprapping  was  done  around 
the  several  piers.  The  only  rectification  done  consisted 
in  building  a  small  piece  of  dyke  above  the  bridge  on  the 
west  side,  which  was  put  in  to  control  the  river  in  case  the 
channel  should  again  be  thrown  by  some  temporary  dis- 
turbances toward  the  west  side  of  the  river. 

The  work  was  undertaken  by  Mr.  George  S.  Morison  as 
Chief  Engineer.  On  May  i,  1887,  a  professional  partner- 
ship for  two  years  was  formed  between  Mr.  Morison  and 
Mr.  E.  L.  Co^'thell.  After  the  termination  of  this  partner- 
ship on  April  30,  1889,  Mr.  Morison  remained  Chief  En- 
gineer in  charge.  Mr.  E.  Gerber  was  Resident  Engineer, 
assisted  by  Messrs.  A.  B.  Corthell.  J.  VV.  Freger,  C.  H. 
Mayne,  and  Andrew  Thompson. 

The  contractors  for  the  masonry  were  T.  Saulpaugh  & 
Company ;  for  the  superstructure.  The  Union  Bridge 
Company  ;  for  the  erection,  Baird  Brothers,  Mr.  George 
Buchan  being  Superintendent  of  erection  ;  for  the  earth- 
work, McNamara  &  McCarthy,  and  for  the  trestle  work, 
Wakefield  &  Hill. 

The  sub-contracts  were  let  in  August,  1887  ;  the  erec- 
tion of  the  last  span  was  completed  November  20,  1888  ; 
the  first  train  crossed  the  bridge  on  November  20.  1888, 
and  on  December  5  the  bridge  was  formally  tested.  Its 
entire  charge  was  turned  over  to  the  Operating  Depart- 
ment of  the  Chicago,  St.  Paul,  Minneapolis  «S:  Omaha  on 
August  8,  1889,  and  it  has  since  been  in  regular  use. 


ARMY  ORDNANCE  NOTES. 


The  War  Department  has  already  prepared  for  issue 
proposals  for  materials  to  be  used  for  the  manufacture  of 
guns  under  provisions  of  the  Fortifications  act,  to  take 
effect  with  the  new  fiscal  year,  as  follows  : 

For  25  sets  of  forgings  for  steel  field  guns  of  8.2-in.  cali- 
ber ;  for  16  sets  of  forgings  for  steel  field  mortars  of  3.6-in. 
caliber,  and  for  16  steel  carriages  for  the  same  ;  for  steel 
forgings  for  8,  10  and  12-in.  rifled  coast-defense  guns  ;  for 
8,  10  and  12-in.  armor-piercing  projectiles  ;  for  excava- 
tions and  iron  work  at  the  new  south  wing  of  the  Watervliet 
Gun  Factory.  For  the  large  coast-defense  guns  above  re- 
ferred to  Congress  appropriated  $800,000  for  the  procure- 
ment of  the  necessaiy  forgings,  and  the  material  will  be 
assembled  at  the  Watervliet  factory  and  the  finished  guns 
turned  out.  The  3  6-in.  mortars  mark  a  new  departure  in 
military  field  operations.  They  are  intended  to  replace 
the  small  cohorns  which  are  used  in  trenches  for  shelling 
an  enemy  behind  earthworks  or  like  defenses  and  out  of 
the  direct  fire  of  field  guns.  Their  range  is  nearly  three 
times  as  great  as  the  cohorn  smooth-bore  mortars,  the 
projectile  is  more  than  twice  as  heavy,  and  great  accuracy 


of  fire  is  obtainable.  The  weight  of  the  piece  is  about  52c 
lbs.,  so  that  it  can  be  easily  transported  in  a  wagon  or 
moved  about  by  men  in  the  trenches.  The  armor-piercing 
projectiles  are  to  be  manufactured  by  a  domestic  concern 
but  upon  specifications  that  will  secure  the  use  of  some 
one  of  the  modern  European  patented  processes.  For 
their  manufacture  an  appropriation  of  $100,000  will  be 
available.  The  work  of  construction  at  Watervliet,  for 
which  advertisements  have  so  far  been  prepared,  will,  It  is 
estimated,  cost  about  $75,000. 

Bids  were  recently  opened  in  the  Ordnance  Office  of  the 
War  Department  for  the  construction  of  25  carriages  for 
12-in.  breech-loading  rifled  mortars.  Only  two  bids  were 
received.  The  Morgan  Machine  Works,  of  Alliance,  (),, 
offered  to  build  eight  carriages,  complete,  for  $65,405,  de- 
livering the  first  one  within  18  weeks  and  the  other  seven 
at  the  rate  of  one  every  six  weeks  after,  or  25  carriages  for 
$7,725  each,  the  delivery  of  the  first  eight  to  be  as  above, 
and  the  remaining  17  at  the  rate  of  one  every  three  weeks. 
The  Builders*  Iron  Foundry  of  Providence.  R.  I.,  offerj^d 
to  build  eight  carriages  for  $14,000  each,  or  ten  for  $130,- 
000,  and  each  additional  carriage  for  $12,500,  delivery  of 
the  first  carriage  to  be  in  one  year,  the  second  four  montlis 
later,  and  the  third  three  months  later,  and  the  remainder 
at  intervals  of  two  months  each.  The  bid  of  the  Mor^^an 
Iron  Works  is  by  tar  the  lowest  and  the  delivery  much  the 
more  prompt,  but  the  Builders'  Company  claim  to  control 
the  American  right  to  a  foreign  patent,  which  they  assert 
will  prevent  any  one  else  from  building  in  this  country  such 
carriages  as  the  Government  wants. 


CONTRIBUTIONS    TO    PRACTICAL     RAILROAD 

INFORMATION.* 


CHEMISTRY     APPLIED     TO     RAILROADS. 
XVI.— PAINT  SPECIFICATIONS. 


By  C.  B.  Dudley,  Chemist,  and  F.  N.  Pease,  Assist 
ANT  Chemist,  of  the  Pennsylvania  Railroad. 


(Copyright,  1889,  by  C.  B.  Dudley  and  F.  N.  Pease.) 


(CoHtinued  /rom  fag*  177.) 


We  had  intended  to  give  in  this  article  a  further  discus 
sion  of  "  How  to  Design  a  Paint,"  comprehending  in  the 
discussion  the  liquid  used  and  the  proportions  of  pigment 
and  liquid,  but  we  find  a  little  further  experimentation 
necessary  in  order  to  decide  one  or  two  points  involved,  and 
are  compelled  to  postpone  the  conclusion  of  the  subject 
•*  How  to  Design  a  Paint,"  until  a  subsequent  article. 

In  thisarticle  we  will  give  two  of  the  specifications  which 
have  thus  far  been  issued  for  different  paints  by  the  Penn- 
sylvania Railroad  Company,  with  the  reasons  why  for  each 
of  the  specifications. 

The  first  paint  specifications  were  for  the  material  used 
for  cabin  car  color.     These  specifications  have  been  re 

•  The  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  of  the  Pennsylvania  Railroad,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona.  They  will  give  summaries  of 
orig^inal  researches  and  of  work  done  in  testing  materials  in  the  laboratory 
referred  to,  and  very  complete  specifications  of  the  diflferent  kinds  of  material 
which  are  used  on  the  road  and  which  must  be  bought  by  the  Company. 
These  specifications  have  been  prepared  as  the  result  of  careful  investigation^, 
and  will  be  given  in  full,  with  the  reasons  which  have  led  to  their  adoption. 

The  articles  will  contain  information  which  cannot  be  found  elsewhere. 
No.  I,  in  the  Journal  for  December,  i88g,  is  on  the  Work  of  the  Chemist  on  a 
Railroad;  No.  II,  in  the  January,  1890,  number,  is  on  Tallow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machinery  to 
which  it  is  applied  ;  No.  Ill,  in  the  February  number,  and  No.  IV,  in  the 
March  number,  are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
in  the  May  number,  on  Petroleum  Products  ;  No.  VII,  in  the  June  number, 
on  Lubricants  and  Burning  Oils;  No.  VIII,  in  the  July  number,  on  the 
Method  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Boxanil 
Lubricating  Greases  ;  No.  X,  in  the  August  number,  on  Battery  Materials: 
No.  XI,  in  the  September  number,  on  Paints  ;  No.  XII,  in  the  (Jctober  num- 
ber, on  the  Worl<ing  Qualities  of  Paint  ;  No.  XIII,  in  the  December,  1890. 
number,  on  the  Drying  of  Paint  ;  No.  XIV.  in  the  February  number,  on  the 
Coverinc  Power  of  Pigments  ;  No.  XV,  in  the  April  number,  on  How  to  De- 
sign a  Paint.  These  chapters  will  be  followed  by  other*  on  differeat  kinds 
of  railroad  supplies.  Managers,  superintendents,  purchasing  agents  and  others 
will  find  these  Contributions  to  Practicai,  Railroad  Information  of 
special  value  in  indicating  the  true  character  of  the  materials  they  must  use 
and  buy. 
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vised  twice,  the  form  given  below  being  the  latest  issue, 
as  follows  : 

PENNSYLVANIA    RAILROAD   COMPANY. 

Motive  Power  Department. 
Specifications  for  Cabin  Car  Color. 

The  standard  cabin  car  color  is  the  pigment  known  as  scarlet 
lead  chromate.     It  is  always  purchased  dry. 

The  material  desired  under  this  specification  is  the  basic  chro- 
mate of  lead  (PbCrO,  PbO),  rendered  brilliant  by  treatment  with 
sulphuric  acid,  and  as  free  as  possible  from  all  other  substances. 
The  theoretical  composition  of  basic  lead  chromate  is  nearly 
50.20  per  cent,  of  normal  lead  chromate,  and  40  80  per  cent,  of 
lead  oxide,  but  in  the  commercial  article  it  is  found  that  a  por- 
tion of  the  sulphuric  acid  added  to  brighten  the  color  remains 
in  combination  apparently  with  the  normal  lead  chromate, 
slightly  increasing  the  percentage  of  this  constituent.  The  sul- 
phuric acid  thus  combined  should  not  exceed  one-half  of  one 

per  cent. 

Samples  showing  standard  shade  will  be  furnished  on  applica- 
tion, and  shipments  must  not  be  less  brilliant  than  sample. 
The  comparison  of  sample  from  shipment,  with  the  standard 
shade,  may  be  made  either  dry  or  by  mixing  both  samples  with 

oil. 
Shipments  of  cabin  car  color  will  not  be  accepted  which  : 

1.  Contain  barytes  or  any  other  adulterant. 

2.  Show  on  analysis  less  than  57  per  cent,  or  more  than  60 
per  cent,  of  normal  lead  chromate,  including  the  sulphuric  acid 
combined  as  above  stated. 

3.  Show  on  analysis  less  than  38  per  cent,  or  more  than  42 
per  cent,  of  lead  oxide,  in  addition  to  lead  oxide  in  the  normal 
lead  chromate. 

4.  Vary  from  standard  shade. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 
Office  0/  General  Superintendent  Motive  Power,  Altoona,  Pa., 
February  18,  1891. 

Considerable  discussion  arose  when  these  specifications 
were  first  prepared,  as  to  what  sort  of  pigment  should  be 
used  for  cabin  car  color.  It  is  well  known  that  the  cabin 
car  forms  the  rear  end  of  every  freight  train,  and  is  the 
car  in  which  the  crew  stay  and  protect  themselves  from 
the  weather,  etc.,  when  they  are  not  at  work  somewhere 
along  the  train.  So  far  as  the  color  of  the  car  is  con- 
cerned, this  principle  is  involved,  namely,  that  the  rear 
end  of  every  freight  train  is  subject  to  danger  from  any 
succeeding  train,  and  it  therefore  becomes  of  the  utmost 
importance  that  the  rear  end  should  be  properly  protected 
It  is,  of  course,  well  known  that  when  a  freight  train  or 
any  other  train  stops  on  the  track,  the  rear  brakeman  goes 
back  a  proper  distance  to  prevent  any  succeeding  train 
from  running  into  the  one  which  is  standing.  It  is  also 
well  known  by  those  who  are  at  all  familiar  with  railroad 
operation,  that  the  rear  end  of  every  train  is  protected  in 
the  night-time  by  signal  lamps,  and  in  the  daytime  by  flags. 
In  order,  however,  to  make  the  protection  as  complete  as 
possible,  it  was  decided,  and  is  the  principle  which  is  used 
cvrrywhere,  to  make  the  cabin  c?.r  itself  a  danger  signal. 
It  is  well  known  that  red  is  the  color  used  on  all  railroads 
for  the  danger  signal,  .and  consequently  the  cabin  cars  are 
painted  red.  In  order  to  make  this  red  as  prominent  and 
pronounced  as  possible,  and  to  have  it  attracl  as  much  at- 
tention as  possible,  it  must  be  a  bright  one.  A  dull  red 
or  a  brown  would  not  be  so  marked  or  prominent.  In 
looking  over  the  pigments  which  could  be  used  for  this 
purpose,  a  number  of  considerations  had  to  be  taken  into 
account.  The  iron  oxides  were  too  dull.  Red  lead  was 
too  much  of  an  orange.  Either  of  these  brightened  up 
with  any  of  the  aniline  colors  or  the  lakes  were  too  fugi- 
tive, and  practically  the  choice  was  narrowed  down  ulti- 
mately between  genuine  vermilion  and  scarlet  lead  chro- 
fTiate,  The  difference  in  price  largely  decided  the  choice 
of  scarlet  lead  chromate  as  cabin  car  color. 

Since  this  material  was  adopted  as  standard,  a  number 
ot  new  pigments  have  come  forward  which  are  extremely 
brilliaiit  in  color,  and  which  are  made  apparently  by  pre- 
cipitating some  of  the  coal  tar  colors  with  lead  salts.  We 
have  examined  some  six  or  eight  of  these  which  appear  in 
the  market  under  various  fanciful  names,  and  have  also 
"iadc  exposures  of  a  number  of  them.     We  have  not  suc- 


ceeded yet  in  finding  any  which  had  even  a  moderate  per- 
manence under  exposure.  They  all  fade  rapidly,  and  with 
now  some  five  or  six  years'  experience,  we  know  of  noth- 
ing better  lor  a  good,  fairly  permanent  bright  red,  than 
scarlet  lead  chromate. 

It  will  be  noted  that  the  material  is  bought  dry.  The 
reason  for  this  is  that  this  pigment  does  not  stand  grind- 
ing. When  ground  at  all  fine  the  color  is  largely  destroyed,' 
the  brilliant  red  being  largely  replaced  by  a  yellow.  The 
material  can  be  obtained  in  the  market  mixed  in  japan, 
or  oil  ;  but  we  prefer  to  buy  it  dry.  When  received  it  is 
mixed  with  oil  and  japan  by  simply  stirring,  and  not  by 
grinding. 

The  pigment,  when  first  made,  is  very  dull,  and  after 
precipitation  and  washing,  a  treatment  with  sulphuric  acid 
is  essential  in  order  to  bring  out  the  brilliant  shade.  The 
chemistry  of  this  process  or  the  change  produced  by  this 
treatment  is  not  understood — at  least,  we  have  never  suc- 
ceeded in  finding  any  explanation  of  why  sulphuric  acid 
renders  this  material  so  much  more  brilliant  in  color  than 
when  first  precipitated.     The  fact  remains. 

In  view  of  the  theoretical  constitution  of  the  pigment,  it 
would  seem  that  the  limits  of  the  specifications  ought  to  be 
sufficiently  wide,  so  that  no  difficulties  would  arise  in  secur- 
ing material  in  the  market  which  would  fill  the  require- 
ments ;  but  some  manufacturers  almost  universally  fail  to 
meet  the  specifications.  We  have  had  mapy  shipments 
which  did  not  contain  enough  of  the  normal  lead  chromate, 
and  even  some  which  were  deficient  in  lead  oxide.  This 
is  due  largely  to  method  of  manufacture,  but  in  general 
we  have  had  very  little  difficulty  in  securing  the  pigment. 

The  method  of  analysis  consists  in  treating  a  weighed 
sample  with  acetic  acid  and  heat,  which  leaves  the  normal 
lead  chromate  undissolved.  This  is  then  filtered  into  a 
weighed  Gooch  crucible,  and  the  amount  obtained  by 
weight  after  drying.  The  acetic  acid  solution  contains  the 
oxide  of  lead,  and  this  is  usually  determined  by  titration 
with  standard  bichromate  of  potash.  These  figures  should 
sum  up,  according  to  the  specifications,  95  per  cent.,  leav- 
ing only  5  per  cent,  for  other  substances.  If  this  results, 
there  is  small  probability  of  any  adulterating  material 
being  used.  A  test,  however,  is  always  made  by  dissolv- 
ing a  fresh  sample  of  the  material  in  muriatic  acid  in  pres- 
ence of  alcohol,  which  leaves  barytes  undissolved.  The 
amount,  if  any  is  present,  can  be  determined  by  filtration 
and  subsequent  weight. 

Some  experiments  have  been  made  to  see  whether  scar- 
let lead  chromate  would  bear  dilution  with  inert  material, 
in  accordance  with  the  principles  which  have  been  enun- 
ciated a  number  of  times  in  previous  articles  of  this  series. 
Our  experience  with  this  pigment  has  not  proven  very  sat- 
isfactory. The  coloring  and  covering  power  of  scarlet 
lead  chromate  is  so  meager  that  it  does  not  seem  to  work 
well  with  any  inert  material  which  we  have  yet  discovered. 
It  is  fair  to  say*that  10  per  cent,  of  barytes  added  does  not 
interfere  to  any  serious  extent,  but  a  10  per  cent,  addition 
of  inert  material  is  so  small  that  it  is  hardly  worth  while 
to  attempt  to  use  it.  Such  material — namely,  scarlet  lead 
chromate  containing  10  per  cent,  of  barytes — can  be  ob- 
tained in  the  market  at  a  slightly  lower  price.  As  high  as 
50  per  cent,  of  inert  material  affects  the  shade  quite  con- 
siderably. We  are  hardly  satisfied  yet,  and  our  experi- 
ments are  still  in  progress  ;  but,  so  far  as  we  have  gotten, 
this  pigment  is  apparently  one  of  the  few  which  will  not 
bear  much  admixture  with  inert  material. 

The  next  specifications  historically  made  on  the  Penn- 
sylvania Railroad  for  paint  materials  were  for  freight  car 
color.  The  use  of  freight  car  color  on  the  road  is  very 
extensive,  very  large  amounts  of  it  being  used  every  year, 
both  for  new  work  and  for  repairs.  The  specifications  at 
present  in  force  are  the  second  revision.  The  first  draft 
remained  in  force  about  one  year,  the  second  about  one 
year,  and  the  third,  which  is  at  present  in  force,  about  two 
and  a  half  years.  It  seems  probable  that  a  new  revision 
will  be  made  possibly  within  the  coming  year,  the  princi- 
pal probable  change  being  to  diminish  the  amount  of  oxide 
of  iron  required  in  the  pigment.  It  is  of  course  under- 
stood that,  as  knowledge  increases  on  any  given  subject, 
the  specifications  are  modified  to  meet  the  increase  in 
knowledge,  the  constant  aim  being  to  secure  the  best  pes- 
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sible  results  for  the  least  money.     The  specifications  are 
as  follows  : 

PENNSYLVANIA    RAILROAD   COMPANY. 

Motive  Power  Department. 
Specijications  for  Freight  Car  Color. 

Freight  car  color  will  be  bought  in  the  paste  form,  and  the 
paste  must  contain  nothing  but  oil,  pigment  and  moisture. 

The  proportions  of  oil  and  pigment  must  be  as  nearly  as  pos- 
sible as  follows  : 

Pigment,  75  per  cent,  by  weight. 

Oil,  25  per  cent,  by  weight. 

The  oil  must  be  pure  raw  linseed-oil,  well  clarified  by  settling 
and  age.     New  process  oil  is  preferred. 

The  pigment  desired  contains  not  over  one-half  per  cent,  of 
hygroscopic  moisture,  and  has  the  following  composition  : 

Sesquioxide  of  iron,  50  per  cent,  by  weight. 

Fully  hydrated  sulphate  of  lime  or  gypsum,  45  per  cent,  by 
weight. 

Carbonate  of  lime,  5  per  cent,  by  weight. 

Samples  of  standard  pigment  showing  shade  will  be  furnished, 
and  shipments  will  be  required  to  conform  strictly  to  standard. 
The  shade  of  paint  being  affected  by  the  grinding,  the  P.  R.  R. 
standard  shade  is  that  given  by  the  dry  sample  sent,  mixed  with 
the  proper  amount  of  oil  and  ground,  or  better  rubbed  up  in  a 
nmall  mortar  with  pestle  until  the  paste  will  pass  P.  R.  R.  test 
for  fine  grinding.  It  is  best  to  use  fresh  samples  of  the  dry  pig- 
ment for  each  day's  testing.  The  comparison  should  always 
be  made  with  the  fresh  material,  and  never  with  the  paint  after 
it  has  become  dry.  The  comparison  is  easiest  made  by  putting 
a  small  hillock  of  the  standard  paste  and  of  that  to  be  com- 
pared near  each  other  on  glass,  and  then  laying  another  piece 
of  glass  on  the  two  hillocks,  and  pressing  them  together  until 
the  two  samples  unite.  The  line  where  the  two  samples  unite 
is  clearly  marked  if  they  are  not  the  same  shade. 

The  paste  must  be  so  finely  ground  that  when  a  sample  of  it 
is  mixed  with  half  its  weight  of  pure  raw  linseed-oil,  and  a  small 
amount  of  the  mixture  placed  on  a  piece  of  dry  glass,  and  the 
glass  placed  vertical,  there  will  he  no  separation  of  the  oil  from 
the  pigment  for  at  least  half  an  hour.  The  temperature  affects 
this  test,  and  it  should  always  be  made  at  70  Fahrenheit.  The 
sample  under  test  runs  down  the  glass  in  a  narrow  stream  when 
it  is  placed  vertical,  and  it  is  sufficient  if  the  oil  and  pigment  do 
not  separate  for  an  inch  down  from  the  top  of  the  test. 

Shipments  will  not  be  accepted  which  : 

1.  Contain  less  than  23  per  cent,  or  more  than  27  per  cent, 
of  oil. 

2.  Contain  more  than  2  per  cent,  of  volatile  matter,  the  oil 
being  dried  at  250  Fahrenheit,  and  the  pigment  dried  in  air 
not  saturated  with  moisture  at  from  60°  to  90    Fahrenheit. 

3.  Contain  impure  or  boiled  linseed-oil. 

4.  Contain  in  the  pigment  sulphate  of  lime  not  fully  hydrated, 
less  than  40  per  cent,  of  sesquioxide  of  iron,  less  than  2  per 
cent,  or  more  than  5  per  cent,  carbonate  of  lime,  or  have  present 
any  barytes,  aniline  colors,  lakes  or  any  other  organic  coloring 
matter,  or  any  caustic  substances,  or  any  makeweight  or  inert 
material,  which  is  less  opaque  than  sulphate  of  lime. 

5.  Vary  from  shade. 

6.  Are  not  ground  finely  enough. 

7.  Are  a  liver,  or  so  stiff  when  received  that  they  will  not 
readily  mix  for  spreading. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Powtr. 
Office  of  General  Superintendent  Motive  Power,  Altoona,  Pa., 
November  (),  l888. 

Taking  up  the  points  in  the  specifications  in  order  as 
they  come,  we  will  say,  the  reason  why  the  material  is 
bought  in  the  paste  form  is  that  the  grinding  of  the  paint  is 
an  art  by  itself,  and  requires  a  good  plant  and  skill.  It  is, 
therefore,  deemed  advisable  to  put  this  work  into  the  hands 
of  parties  who  are  fitted  for  it,  instead  of  the  company  at- 
tempting to  do  this  work  itself.  The  mixinjj  of  paint 
for  use,  however,  is  wisely  and  properly  varied  by  the  con- 
ditions under  which  the  paint  is  used  :  and  accordingly 
the  paint  is  bought  in  the  paste  form  rather  than  ready 
mixed,  the  company  leaving  to  its  own  employes  the  duty 
of  proper  mixing.  It  will  be  observed  that  only  pigment, 
oil  and  moisture  are  allowed  in  the  paste.  The  reason 
why  japan  or  other  materials  are  not  allowed  to  be  present 
is  because  japans  differ  very  greatly  with  different  makers, 
and  consequently  two  batches  of  paint  furnished  the  same 
shop  by  different  makers  would  require  different  treatment 
in  order  to  get  the  same  results  if  japan  was  allowed  to  be 


present.  On  the  other  hand,  nothing  but  pure  raw  linseed- 
oil  being  present,  each  master  painter  can  use  his  ow:;  ex- 
perience and  judgment  in  the  mixing,  so  as  to  obtaii.  the 
best  results.  The  quantities  bdng  definitely  proportioned 
for  the  ingredients,  gives  the  proper  drying,  and  the  pr.;per 
results  in  service.  The  question  of  the  amount  of  pigiiient 
and  liquid  will  not  be  discussed  in  this  article,  since 
it  properly  belongs  to  the  next  one.  We  will  only  say 
here,  therefore,  that  the  percentages  by  weight  gi\en  in 
these  specifications  are  those  which  experience  has  indi- 
cated are  necessary  in  order  to  secure  a  good  paste. 

The  reason  for  preferring  new  process  oil,  which,  as  is 
well  known,  is  made  by  treating  the  seeds  with  a  solvent 
rather  than  by  pressure  alone,  is  that  the  new  process  oil 
is  apt  to  contain  less  vegetable  albumen  and  other  impuri- 
ties than  from  freshly  made  old  process  oil.  It  is  not  be- 
liexed  that  linseed-oil  obtained  from  the  seeds  by  pressure 
alone  and  allowed  to  stand  sufficiently  long  is  not  as  good 
as  new  process  oil,  but  there  is  a  tendency  in  the  trade  to 
sell  the  oil  soon  after  it  is  removed  from  the  seeds  ;  and 
we  have  many  times  found  evidence  of  vegetable  matter  in 
the  oil  made  by  the  old  pressure  process,  which  is  not  char- 
acteristic of  freshly  made  new  process  oil. 

The  proportions  of  the  various  constituents  of  the  pig- 
ment were  at  first  decided  on  arbitrarily,  as,  when  these 
specifications  were  first  prepared,  we  had  very  little  prac 
tical  experience  upon  a  good  many  points  which  have  since 
been  made  the  subject  of  definite  test  and  experimentation. 
The  amount  of  oxide  of  iron  required  in  these  specifications 
is  probably  higher  than  there  is  any  need  of,  and,  as  hint 
ed  at  above,  it  is  probable  that  the  next  revision  will  dimin- 
ish the  amount  required.  Moreover,  experiments  indicate 
that  abundantly  good  covering  power  is  obtained  with  as 
low,  perhaps,  as  20  or  25  per  cent,  of  the  weight  of  the 
pigment  oxide  of  iron,  especially  if  the  paint  is  finely 
ground.  In  reality  oxide  of  iron  is  one  of  the  very  best  of 
the  cheap  pigments.  Its  covering  power  is  very  high  :  its 
durability,  so  far  as  our  experience  goes,  very  great,  and 
its  price  very  low.  Of  course  there  are  very  wide  differ- 
ences in  the  shades  of  the  different  oxides,  most  of  which 
arc  made  by  igniting  copperas  or  igniting  ochres.  Some 
of  these  are  of  a  rather  disagreeable  purplish  red  color ; 
but  a  good  oxide  of  iron  of  pleasing  color  is  certainly  a 
very  valuable  pigment,  and  we  really  know  of  none  that  is 
superior  to  it,  all  things  considered.  Some  questions  have 
arisen  as  to  whether  the  oxide  of  iron  is  durable  in  the 
presence  of  oil,  especially  the  oxides  made  by  the  ignition 
of  the  sulphate  or  copperas.  It  is  on  record  in  the  books 
that  it  is  believed  oxide  of  iron,  if  it  contains  hydrated 
oxide,  or  contains  free  sulphuric  acid,  will  deteriorate  vvjih 
moderate  rapidity.  Our  own  experience  has  not  confirmed 
this  statement,  and  we  really  have  seen  no  positive  in- 
formation which  points  in  the  direction  that  oxide  of  iron 
is  not  a  very  durable  pigment. 

The  reason  why  sulphate  of  lime  is  used  as  an  inert 
material  has  already  been  discussed  in  the  article  preced- 
ing this  one.  The  reason  for  a  small  amount  of  carbonate 
of  lime  is  found  in  the  fact  that,  as  has  already  been  hinted 
at,  some  of  the  iron  pigments  made  from  the  ignited  sul- 
phate contain  free  sulphuric  acid,  the  heat  of  ignition  not 
Ijeing  sufficient  to  drive  it  all  off.  We  have  made  positive 
experiments  which  show  that  the  presence  of  a  small 
amount  of  free  sulphuric  acid  mixed  with  the  iron  oxide 
retards  the  drying  very  greatly.  We  accordingly  mix  a 
small  amount  of  carbonate  of  lime  with  the  pigment,  which 
satisfies  the  sulphuric  acid,  forming  sulphate  of  lime,  and 
we  have  found  that  this  small  amount  of  carbonate  of  linie 
facilitates  drying  very  greatly. 

A  number  of  manufacturers  have  suggested  the  use  of 
carbonate  of  lime  or  whiting  in  place  of  sulphate  of  lime 
in  our  freight  car  color  as  inert  material.  The  reasons 
for  preferring  sulphate  over  carbonate  have  already  been 
given  ;  but  we  will  say  that  we  have  experiments  in  prog 
ress  to  set  this  question  finally  at  rest.  Boards  have  been 
painted  and  exposed,  in  which  the  inert  material  is  largely 
carbonat-e  of  lime,  and  also  companion  boards,  in  which 
the  inert  material  is  largely  sulphate  of  lime.  We  hope 
within  a  year  or  two  to  have  conclusions  on  this  point. 
At  present  we  are  unable  to  say  anything  more  positive 
than  has  previously  been  said. 
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The  question  of  shade  has  caused  no  small  amount  of 
litficulty,  and  it  is  very  common  for  manufacturers  to  re- 
mark, that  our  shade  is  a  very  difficult  one  to  matcbt  Our 
own  experience  is  that  the  same  remark  may  be  made  of 
every  other  shade,  or,  in  other  words,  all  shades  are  ex- 
tremely difficult  to  match.  The  whole  question  of  making 
duplicate  shipments  of  exactly  the  same  shade  is  extremely 
difficult ;  indeed,  a  very  large  number  of  conditions  quite 
seriously  affect  the  shade.  Starting  with  the  same  paste, 
four  or  five  different  shades  can  be  obtained  in  the  finished 
work  by  using  different  percentages  of  japan  and  turpen- 
tine and  oil  in  different  portions  of  the  paste,  also  by 
ne'Wecting  to  stir  the  pot  of  paint  during  the  application 
frequently  enough,  and,  indeed,  by  allowing  the  mixed 
paint  to  stand  a  day  or  two  and  become  skinned  over,  the 
shade  is  changed.  It  will  be  noted  that  the  specifications 
call  attention  to  the  fact  that  the  fineness  of  the  grinding 
seriously  affects  the  shade,  and  also  to  the  fact  that  mate- 
rial which  has  been  used  one  day  should  not  be  used  the 
next  in  making  the  test.  We  have  found  by  experience 
that  both  of  these  conditions  quite  seriously  affect  the 
standard  shade.  In  the  latter  case,  the  shade  is  changed, 
due  to  the  changed  proportions  of  liquid  and  pigment,  and 
also  certain  constituents  seem  to  be  removed  more  readily 
than  others  by  the  skin  which  is  taken  off.  So  positive  are 
we  of  the  difficulty  connected  with  the  exact  matching  of 
-shades,  that  we  do  not  hope  to  secure  in  successive  ship- 
ments exact  matches.  It  is  astonishing  many  times  how 
close  the  match  is  ;  but  unless  approximately  the  same 
pigments  and  the  same  proportions  ef  inert  materials  are 
used  by  different  parties,  and  by  the  same  parties  in  differ- 
ent shipments,  the  shades  will  hardly  ever  be  exactly  the 
same.  We  accordingly  allow  ourselves  a  little  lee-way  in 
comparing  shipments  with  the  standard,  rejecting  if  the 
shipment  shows  a  marked  difference  from  the  standard. 
Considerable  time  has  been  spent  in  trying  to  devise  some 
method  of  establishing  limits  of  shade,  outside  of  which 
shipments  would  not  be  accepted  ;  but  no  feasible  method 
has  yet  been  obtained  for  making  such  comparisons,  as  we 
have  not  yet  succeeded  in  getting  any  way  of  measuring 
how  much  one  shade  differs  from  another. 

Our  method  of  comparing  shades  has  been  criticised 
somewhat,  many  parties  claiming  that  it  is  too  severe  to 
bring  the  two  side  by  side  under  glass.  We  are  quite 
well  aware  that  this  plan  gives  very  close  and  accurate 
results  ;  but  we  do  not  know  of  any  better  method  than 
the  one  proposed.  The  whole  question  of  shade  is  not  free 
from  difficulties,  and,  as  many  manufacturers  have  found, 
it  is  not  a  simple  matter  to  make  a  shipment  of  paint  look 
like  a  given  sample.  Some  authorities  on  the  subject  of 
shade  regard  the  matching  of  shade  as  a  special  gift,  and 
that  it  is  not  at  all  possible  for  every  one  either  to  express 
an  opinion  on  shades  after  they  are  placed  side  by  side,  or 
especially  that  all  are  not  able  to  make  such  combinations 
as  will  produce  the  same  shade. 

The  question  of  fine  grinding  was  one  which  caused  a 
good  deal  of  study.  At  first  we  regarded  the  fineness  of 
the  pigment  as  the  only  consideration  which  should  be 
studied  ;  and  accordingly,  in  our  first  specifications,  a  test 
as  to  whether  the  pigment  would  go  through  a  certain 
mesh  sieve  was  all  the  test  we  used  for  grinding.  We 
found,  however,  that  it  was  quite  possible  to  have  the  pig- 
ment fine  enough,  and  still,  with  a  good  mixer,  to  mix  the 
paint  so  that  it  would  pass  this  test  for  fineness  without 
having  gone  through  the  mill  at  all.  We  accordingly  tried 
to  see  if  some  test  could  not  be  devised  which  would  de- 
cide positively  whether  the  material  had  been  ground  or 
•lot.  The  test  proposed,  it  will  be  observed,  is  based  on 
the  intimate  mixture  of  the  oil  and  pigment,  the  pigment 
being  fine  enough,  so  that  practically  the  oil  holds  it  up. 
't  is  well  known  that  in  a  mixture  of  solid  and  fluid  the 
tendency  of  the  two  to  remain  together  is  largely  a  func- 
"on  of  the  fineness  of  the  solid.  Familiar  examples  of  this 
are  dust  in  such  a  fine  state  of  division  that  it  floats  in 
the  air,  and  also  clay  or  other  substances  in  such  a  fine 
state  of  division  that  they  are  permanently  sustained  in 
water,  keeping  it  cloudy  or  muddy  for  weeks.  The  test 
|>as  thus  far  worked  very  satisfactorily,  and  with  one  or 
two  possibilities  of  evasion  seems  to  cover  the  ground 
Very  well.     It  is  quite  evident  to  any  one  that  anything 


which  adds  to  the  viscosity  of  the  oil  would  enable  a 
coarser  ground  paint  to  pass  the  test.  We  of  course  are 
constantly  on  the  lookout  for  anything  of  this  kind.  A 
small  amount  of  caustic  soda  added  to  the  oil,  making  a 
little  bit  of  soap,  would  of  course  evade  the  test  to  a  cer- 
tain extent.  This  we  check  up  by  examining  for  soap  in 
the  mixed  paint.  The  addition  of  small  amounts  of  japan 
would  also  have  the  same  tendency,  and  also  the  addition 
of  small  amounts  of  varnish  or  any  other  liquid  mixed  with 
the  oil  which  would  make  it  more  viscous.  These  difficul- 
ties we  are  quite  well  aAvare  may  arise,  and  are  constantly 
on  the  lookout  for  them.  Those  who  have  never  experi- 
mented with  the  test  will  be  astonished  to  see  how  readily 
the  oil  separates  from  the  pigment  if  the  material  is  at  all 
coarse.  It  should  be  stated  still  further  that  if  the  pig- 
ment is  of  greater  specific  gravity  than  the  standard  pig- 
ment used  for  this  paint,  the  tendency  to  separate  will 
increase,  so  that  the  test  as  arranged  for  the  standard 
freight  car  color  is  not  universally  applicable  to  all  pig- 
ments. We  think  the  principle  is  applicable,  and  it  is  only 
necessary  to  modify  the  conditions  of  the  amount  of  oil 
added  to  the  paste,  or  other  conditions,  in  order  to  have 
the  test  universally  applicable  to  the  grinding  of  all  paints 
in  the  paste  form.  Quite  a  large  amount  of  water  mixed 
with  the  oil,  forming  an  emulsion,  has  the  effect  of  render- 
ing the  oil  more  viscous,  and  for  this  reason,  as  well  as  for 
commercial  reasons,  it  will  be  noted  that  the  amount  of 
volatile  material,  principally,  of  course,  water,  allowed  in 
a  shipment,  is  limited  to  2  per  cent. 

The  limits  of  oil  allowed  in  the  specifications— about  4 
per  cent. — are  sufficiently  wide,  so  far  as  our  experience 
goes,  so  that  shipments  should  never  be  rejected  on  ac- 
count of  having  not  enough  oil,  or  too  much.  The  ques- 
tion of  the  livering  of  the  paint  is  one  which  is  quite 
extensive,  and  we  will  therefore  not  take  it  up  now,  and 
closely  connected  with  this  is  the  point  mentioned  in  the 
specifications  of  hydration  of  the  sulphate  of  lime.  We 
hope  to  give  our  experience  with  the  livering  of  paint 
in  a  separate  article.  The  reasons  why  for  the  causes 
which  lead  to  the  rejection  of  a  shipment  other  than  those 
mentioned  are  perhaps  clearly  evident  from  what  has 
already  been  said. 

In  the  next  article  we  hope  to  finish  the  subject  of  "  How 
to  Design  a  Paint,"  and  this  will  be  followed  by  another, 
giving,  if  possible,  in  one  article,  our  experience  with  the 
livering  of  paint  and  our  specifications  for  Tuscan  red. 

(to  be  continued.) 


THE  PATENT  CENTENNIAL. 


The  centennial  celebration  of  the  establishment  of  the 
American  Patent  System  began  in  Washington,  according 
to  the  programme,  on  April  8,  when  the  first  public  meet- 
ing took  place  in  the  Lincoln  Music  Hall.  The  President 
of  the  United  States  presided  ;  upon  the  platform  with  him 
were  the  Secretary  of  the  Interior,  the  Chief  Justice  of  the 
United  States,  the  Commissioner  of  Patents  and  a  number 
of  other  distinguished  gentlemen.  The  President  made  a 
brief  opening  address,  and  was  followed  by  the  Commis- 
sioner of  Patents  in  a  long  and  interesting  speech  on  the 
Patent  System.  The  next  address  was  made  by  Senator 
O.  H,  Piatt,  Chairman  of  the  Senate  Committee  on  Pat- 
ents, who  gave  a  number  of  illustrations  of  the  progress 
made  in  the  past  century,  and  was  followed  by  Labor  Com- 
missioner Carroll  D.  Wright. 

In  the  evening  a  special  reception  to  inventors  and  man- 
ufacturers was  given  at  the  Patent  Office  by  the  Secretary 
of  the  Interior  and  the  Commissioner  of  Patents.  A  large 
number  of  gentlemen  and  ladies  were  present,  and  the  re- 
ception was  much  enjoyed. 

On  April  9  public  meetings  were  held  in  the  afternoon 
and  evening,  the  first  one  being  presided  over  by  Hon. 
Frederick  Fraley  of  Philadelphia,  and  the  second  by  Pro- 
fessor S.  P.  Langley,  Secretary  of  the  Smithsonian  Institu- 
tion. Among  the  speakers  were  Mr,  Edward  Atkinson, 
Judge  Samuel  Blatchford,  and  Mr.  O.  Chanute,  President 
of  the  American  Society  of  Civil  Engineers.  Mr.  Chanute 
referred  to  the  progress  in  aerial  navigation,  and  stated 
that  several  men  of  ability  were  now  at  work  on  a  prob- 
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lem,  the  possibility  being  that  practicable  machinery  would 
betore  long  be  in  actual  use. 

On  April  lo,  the  day  was  given  up  to  an  excursion  to  Mt. 
Vernon,  where  an  address  was  made  by  Dr.  Toner,  of 
Washington,  This  was  the  special  anniversary  day,  being 
the  hundredth  anniversary  of  the  signing  of  the  first 
American  patent.  In  the  ei^ening  another  public  meeting 
was  held,  at  which  Professor  Alexander  Graham  Bell  pre- 
sided. Addresses  were  made  by  Professor  Gray,  Dr. 
Brackett.  and  others. 

This  necessarily  brief  account  can  give  but  a  few  of  the 
prominent  features  of  the  celebration.  The  Executive 
Committee  and  the  Local  Committee  made  admirable 
arrangements  for  the  reception  of  visitors  and  the  celebra- 
tion was  much  enjoyed  by  all  present,  among  the  special 
features  being  the  reception  at  the  White  House,  that  at  the 
Patent  Office,  and  the  excursion  to  Mt.  Vernon. 

AMERICAN   ASSOCIATION   OF     INVENTORS   AND  MANUFAC- 
TURERS. 

Part  of  the  proceedings  at  the  Patent  Centennial  included 
the  formation  of  a  permanent  association  to  care  for  the 


Philadelphia  ;  William  A.  Anthony,  Manchester,  Conn 
Benjamin  Butterworth,  Cincinnati.  Secretary,  Professor 
J.  Elfreth  Watkins,  Washington.  Treasurer,  Marvin  C 
Stone,  Washington.  Directors,  Charles  F.  Brush.  Cleve! 
land,  O.;  Professor  R.  H.  Thurston,  Ithaca,  N.  Y.;  prg, 
fessor  Otis  T.  Mason,  Washington  ;  Oberlin  Smith,  Uridge- 
ton,  N.  J.;  David  S.  Weems,  Baltimore  ;  John  H.  Bartlett 
Roanoke,  Va. ;  F.  E.  Sickles,  St.  Louis  ;  John  Y.  Smith 
Pittsburgh,  Pa.;  David  W.  Smyth,  Manchester,  N.  h. 
R.  S.  Munger,  Birmingham,  Ala.  The  constitution,  etc. 
will  be  published  later. 


Foreign  Naval  Notes. 


The  results  obtained  in  the  official  trials  of  the  Fiske  range 
finder,  both  in  France  and  Italy,  were  most  satisfactory  to  the 
commissions  of  officers  who  tested  it.  In  France  the  trials  were 
held  on  board  Le  ForviiJable,  the  flagship  of  the  Mediterranean 
fleet,  and  they  comprised  a  careful  series  of  observations  taken 
both  under  way  and  at  anchor  at  Cannes  and  Toulon.  In  Italy 
the  range  finder  was  mounted  and  tried  on  the  old  TeryibU. 
The  results  in  both  cases  showed  very  small  percentages  of 


•yf^   jmm^  —    ■■— —   „—    —    -       T  -«^-" 


THE  FRENCH  CRUISER  "  SFAX." 


interests  of  inventors  and  manufacturers.  A  National 
Committee  had  been  appointed,  representing  all  the  States, 
and  the  first  meeting  was  held  April  8,  which  was  chiefly 
devoted  to  preliminary  discussion.  A  special  committee 
was  appointed  and  a  general  meeting  of  inventors  and 
manufacturers  was  called,  which  was  held  in  the  morning 
of  April  9,  at  which  a  committee  was  prepared  to  submit 
a  plan  of  organization. 

On  April  lo  another  meeting  was  held,  at  which  this 
committee  submitted  a  constitution  and  by-laws  for  the 
proposed  Association,  the  objects  of  which  was  stated  as 
follows  : 

"  The  promotion  of  progress  in  the  useful  arts  ;  the 
diffusion  of  practical,  scientific,  and  legal  information  re- 
specting inventions  ;  the  encouragement  of  favorable  and 
the  discouragement  of  unfavorable  laws  respecting  prop- 
erty in  patents  ;  the  co-operation  of  foreign  inventors  for 
reciprocal  regulations  under  foreign  patent  systems,  and 
the  proper,  just  and  adequate  protection  of  the  rights  of 
American  inventors  authorized  by  the  Constitution  of  the 
United  States." 

The  report  of  the  committee  was  thoroughly  discussed. 
Some  changes  were  made  in  the  proposed  constitution,  and 
it  was  finally  adopted  as  amended.  The  organization  was 
completed  by  electing  the  following  officers  :  President, 
Dr.  R.  J.  Catling,  Hartford,  Conn.  Vice-Presidents, 
Gardner  G,  Hubbard,  Washington  ;  Thomas  W.  Shaw, 


error,  notwithstanding  the  restricted  base  lines  on  the  vessels 
used. 

The  Rainbow,  the  second  of  three  second-class  cruisers  which 
are  being  built  for  the  British  Government  by  Messrs.  Palmer 
&  Company,  was  successfully  launched  early  in  April.  She 
has  a  displacement  of  3,400  tons  ;  length,  300  ft. ;  breadth.  43  f'> 
and  draft,  i6  ft.  6  in.  Her  engines  will  develop  9.000  H.P.. 
sufficient  to  propel  her  under  natural  draft  at  a  speed  of  18  knots. 
Her  armament  will  consist  of  two  6  in.  and  six  4.7-in.  rilled 
breech- loading  guns,  and  nine  quick  firing  guns. 

The  French  Navy  Department  has  asked  for  appropriations 
for  next  year  amounting  to  145,532,858,  an  increase  of  $667,926 
over  the  present  year. 

The  trials  of  the  Elswick  6  in.  quick-firing  gun  and  mounting 
were  completed  on  board  the  Kite,  at  Portsmouth,  England, 
last  week.  Two  hundred  and  sixty  rounds  have  now  been  fired 
from  this  gun  on  the  same  mounting,  and  there  does  not  appear 
to  be  the  slightest  sign  of  wear  in  any  of  the  working  parts. 
The  rapidity  and  ease  with  which  one  man  can  elevate  and  train 
the  gun  and  mountings,  the  weight  of  which  complete  is  17 
tons,  is  surprising  ;  and  it  says  a  great  deal  for  the  crew,  as 
well  as  for  the  gun,  mounting,  and  ammunition,  that  260  rounds 
have  been  fired,  almost  all  against  time,  without  the  slightest 
hitch  occurring.  It  should  also  be  specially  noted  that,  of  this 
last  series  of  100  rounds,  80  cartridges  were  fired  for  the  second 
time.  But  this  feature  has  been  brought  out,  perhaps,  more 
prominently  by  trials  which  have  been  carried  out  by  a  similar 
6-in.  quick-firing  gun  by  the  military  authorities  at  Shoebury- 
ness,  where  cartridges  have  been  fired  as  many  as  16  times. 


Vol.  LXV.  No.  5-] 


ENGINEERING    JOURNAL. 


227 


£„j,iiie(ring  thinks  that  these  exhaustive  trials,  giving  such  suc- 
cessful results,  should  convince  others  besides  the  English  Gov- 
ernment of  the  efficiency  of  the  Elswick  systcnn. 

A   FRENCH   CRUISER. 

The  accompanying  illustration,  from  Le  Yacht,  shows  the 
French  cruiser  Sfax,  which  is  considered  one  of  the  finest  ves- 
sels of  her  class  in  the  French  Navy.  She  is  built  of  steel,  and 
iras  launched  in  1884. 

The  Sfax  is  288.6  ft.  long,  49.2  ft,  beam,  25  ft.  draft,  and 
4,500  tons  displacement.  Her  compound  engines  drive  twin- 
screws,  and  have  developed  6,522  H.P.,  giving  the  ship  a  speed 
of  16.7  knots  per  hour. 

The  chief  protection  consists  of  an  armored  deck  of  steel,  1.6 
in.  thick,  extending  the  whole  length  of  the  ship.  The  arma- 
ment consists  of  six  i6-cm.  (6.3-in.)  guns,  ten  14-cm.  (5.5-in.) 
guns,  10  revolving  cannon,  and  five  torpedo-tubes. 

Like  most  French  cruisers,  the  Sfax  is  heavily  masted,  and 
can  carry  a  considerable  area  of  sails.  Her  crew  consists  of 
473  officers  and  men. 
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.      CURVES, 

ARCS   OF   CIRCLES. 

The  circles  and  portions  of  circles  thus  far  described  have 
of    such  dimensions  and  located  in  such  positions,  that 


there  has  been  no  difficulty  in  drawing  them  with  a  pair  of  ordi- 
nary compasses.     It  happens,  however,  at  times  that  the  center 


Fig,  241. 

of  aij  arc  of  a  circle  is  inaccessible,  or  the  radius  is  so  long  that 
it  is  impracticable  to  draw  an  arc  with  the  instrument  named, 
or  even  with  a  beam  compass.     We  may,  for  example,  have  : 

Problem  65.      To  describe  a  circle  passing  through  three  given 
points,  when  the  center  is  not  available. 

Jurst  Method. — Let  A  4  and  B,  fig  241,  be  the  three  points, 
from  A  ^ssi  center  with  A  B  zsa.  radius  describe  an 
arc,  B  //,  and  from  B,  with  the  same  radius,  describe 
^  G.  Through  the  third  point  4  draw  the  lines  A  4 
^  and  B  i^  E,  intersecting  the  arcs  at  E  and  F. 
Uivide  A  E  and  B  F  into  any  number  of  equal  parts, 
and  set  off  a  series  of  equal  parts  of  the  same  length 
on  the  upper  portions  E  G  and  F  H  of  the  arcs  be- 
yond the  points  E  and  F.  Draw  straight  lines  B  /, 
^  A  and  B  G  to  the  divisions  in  ^  G^  /  and  A  Z, 
^  ^[,  AN,  etc,  to  the  division  on  B  H ;  the  suc- 
cessive intersections,  i,  2,  and  3,  of  these  lines  are  points 
>n  the  circle  required,  between  B  and  4,  Similar  points 
etween  A  and  4  may  be  laid  out  in  the  same  way,  and 
required  curve,  A  4  B,  may  then  be  drawn  by  hand  with 

Pencil  through  the  points  thus  laid  out.     In  inkine  in  this 
["''^?'  'he  student  will  find  that  it  is   very   difficult   to   draw 

With  the  precision  and  smoothness  that  is  possible  when 

awing  instruments  are  used,  and  few  draftsmen  ever  acquire 

iJrawin   'r  °  /°1'°*'"5  solutions  ^re  from  "  The  Engineer's  a«d  ^Iechanic's 


the  skill  which  will  enable  them  to  draw  curves  by  hand  with 
the  accuracy  and  definiteness  which  is  required  to  make  a  draw- 
ing look  neat  and  workmanly.  When  instruments  cannot  be 
used  it  is  therefore  best  to  make  or  use  a  "  templet."  As  this 
will  be  essential  in  many  such  cases,  the  method  of  making 
such  an  implement  will  be  described. 

The  student  should  provide  himself  with  a  piece  of  straight- 
grained  white  pine,  clear  of  sap  of  resin,  and  about  -/j-  in.  thick, 
planed  smooth  on  both  sides  and  on  one  edge,  so  as  10  make 
the  latter  straight.  After  the  points  of  the  curve  have  been  laid 
down  on  paper,  draw  the  line  A  B  on  the  piece  of  wood  at  a 
little  distance  from  and  parallel  to  its  straight  edge.  The  points 
of  the  curve  may  then  be  laid  out  on  the  wood,  as  already  de- 
scribed, or  it  can  be  done  more  conveniently  by  first  drawing 
on  the  piper  '* ordinate s"  or  perpendicular  lines,  i  i',  2  2'  3  3', 
etc,  from  the  points  I,  2,  3,  etc,  to  A  B.  These  should  be  laid 
off  with  a  pair  of  dividers  from  the  perpendicular  D  4,  drawn 
on  the  wood  midway  between  A  and  B.  The  distance  i'  I, 
2'  2.  3'  3,  etc,  should  then  be  transferred  from  the  paper  to  the 
ordinates  on  the  wood,  and  the  curve  can  be  drawn  with  a 
pencil  as  accurately  as  possible  through  the  points  i,  2.  3,  etc., 
thus  laid  down.  Then  with  a  sharp  knife  cut  away  the  wood 
from  the  outside  of  the  curve  near  to  the  line  required,  and 
bring  it  exactly  up  to  the  mark  by  means  of  a  fine  hie,  or  fine 
sandpaper,  or  both.  A  half-round  file  is  best  for  this,  as  one 
side  of  it  can  be  used  to  finish  up  concave  curves.  In  using  the 
sandpaper,  lay  a  smooth  sheet  or  piece  of  it  on  the  drawing- 
board,  and  rub  the  edge  of  the  templet  on  the  paper,  being 
careful  to  hold  the  slip  of  wood  so  that  its  sides  will  be  per- 
pendicular to  the  surface  of  the  paper.  This  templet  may  then 
be  used  as  a  ruler  for  drawing  the  curve  with  a  pen. 

A  great  variety  of  templets  or  "  cvrves'^  as  they  are  called, 
made  of  hard  rubber  or  wood,  are  now  sold  by  the  dealers  in 
drawing  instruments  and  materials.  These  are  intended  for 
drawing  different  objects,  such  as  ships,  railroad  curves,  etc. 
For  drawing  the  latter,  sets  of  circular  "  curves,"  of  varying 
radii,*  are  sold,  which  all  mechanical  draftsmen  will  find  very 
useful  if  they  can  afford  to  supply  themselves  with  them.  The 
cost  of  a  set  of  10  of  these  is  given  in  the  catalogue  of  a  promi- 
nent dealer  at  $7.75  ;  sets  of  17,  $13.25  ;  and  40,  $28, 

Second  Method  for  the  solution  ^5/ Problem  65. — Let  A  4  B, 
fig,  242  be  the  given  points  ;  draw  A  B,  A  4,  D  4  and  ^ /  through 
4  and  parallel  to  A  B.  Divide  A  4  into  a  number  of 
equal  parts,  a,  b,  c,  4,  and  from  4  describe  arcs  through 
these  points  to  meet  e  f.  Divide  the  arc  A  e  into  the 
same  number  of  equal  parts,  and  draw  straight  lines 
from  4  to  the  points  of  (|ivision.  The  intersection  ot 
these  lines  successively  with  the  arcs  i,  2,  3,  etc.,  are 
points  in  the  circle,  which  may  be  filled  as  before.* 
For  inking  the  curve  in,  a  templet  should  be  constructed 
as  described  above.  V.^>i  '  /•*•:':?; 

Third  Method.  —  Let  A  4  B,  fig.  243,  ^e  the  required 
points.  Draw  the  chord  A  T>  B  and  A  4  r  through  4 
and  parallel  \o  A  D  B.  Bisect  A  D  B  sx  D  and  erect 
the  perpendicular  D  4  ;  join  A  4  and  B  4  ;  draw  A  h 
perpendicular  to  ^  4  and  B  i  perpendicular  to  B  4. 
Erect  also  A  n  and  B  n  perpendicular  Xo  A  D  B  ; 
divide  A  D  B  and  h  i  into  any  number  of  equal  parts — 
in  this  case  eight — and  draw  the  lines  d  d',  e  e',  f  f', 
etc.,  and  divide  the  lines  A  n,  B  n  each  into  half  the 
number  of  equal  parts  in  ^  D  B  ;  draw  lines  from  4  to  each 
division  in  the  lines  A  n  and  'B  n,  and  the  points  of  inter- 
section, I,  2.  3,  4,  etc,  with  the  former  lines,  will  be  points  in 
the  required  curve.f 

Problem  66.  To  describe  an  arc  or  segment  X  of  a  circle  of  a 
large  radius. 


Let  d  c,  fig.  244,  be  the  chord  of  the  arc  and  b  o  its  rise  or 
versed  sine.     Then  with  wood  or  other  suitable  material  con- 


*  The  second  method  is  not  perfectly  true,  but  stifliciently  so  for  arcs  less 
than  one-fourth  of  a  circle.  When  the  middle  point  is  equally  distant  from 
the  extremes,  the  vertical  C  D  \%  the  rise  ot  Z'ersid  sine  of  the  arc.  Thi» 
problem  is  serviceable  for  setting  out  circular  arcs  of  large  radius,  as  for 
bridges  of  very  great  span,  when  the  center  is  unavailable  ;  and  for  the  out- 
lines of  bridge- beams,  steam-engine  beams,  connecting-rods  and  the  like. 

t  This  and  the  following  problem  are  from  the  '*  Engineer's  and  Mechanic''s 
Pocket  Book,"  by  Charles  H.  Haswell. 

$  The  word  segment  me^ns  a  portiop.  A  legmem  of  *  circle  is  a  portitn  of 
a  circle. 
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struct  a  triangle,  A  6  C,  ot  which  the  sides  A  6 
and  fi  C  are  slightly  longer  than  the  chord  d  c, 
and  whose  apex,  6,  will  coincide  with  the  point 
d  in  the  circle,  and  the  points  d  and  c  will  coincide 
with  the  sides  A  b  and  b  C.  At  each  end  of  the 
chord  d  c  insert  a  pin,  and  at  b  attach  a  tracer 
(as  a  pencil  or  sharp  point)  ;  move  the  triangle 
against  the  pins  as  guides,  and  the  tracer  will 
describe  the  arc  required. 

Problem  67.  To  lay  out  a  circular  curve  by 
means  of  tangential  angles. 

If  from  any  point,  A,  fig.  245,  on  a  line  A  a, 
equal  angles  a  A  b,  b  A  c,  c  A  d,  etc.,  are  laid  off, 
and  lines  A  b,  A  c,  A  d,  etc.,  are  drawn  ;  then  if 
with  any  distance,  as  ^  i  for  a  chord,  we  step  off 
from  A  a,  point  i,  on  A  b,  and  with  the  same 
chord  lay  off  another  point,  2,  from  i  on  A  c,  and 
if  in  a  similar  way  the  points  3,  4,  5,  etc.,  are  laid 
off  on  A  d,  A  e,  A  /,  etc.,  then  these  points  will 
be  situated  in  a  circular  curve,  the  radius  of  which 
depends  upon  the  angles  knd  the  length  of  the 
chords.  The  curve  will/also  be  tangent  to  the 
straight  line  A  a  at  A,  the  place  of  beginning. 
Consequently  the  angled ^  b  is  called  the  "  tan- 
gential angle,"  and  as  the  others  are  all  equal  to 
it,  they  are  also  called  tangential  angles.  This  is 
one  of  the  methods  employed  for  laying  off  rail- 
road curves,  the  angles  being  measured  with  in- 
struments constructed  for  the  purpose.  Elabo- 
rate tables  have  been  calculated,  which  give  the 
radii  of  curves  for  given  angles  and  chords. 
The  following  table  has  been  calculated  for  a 
chord  equal  to  i,  so  that  it  can  be  used  for  any 
length  of  chord  that  may  be  employed.  Thus  1 
may  represent  one-eighth  of  an  inch,  one  inch, 
one  foot  or  one  hundred  feet  ;  but  if  the  chords 
are  measured  in  fractions  of  an  inch,  inches,  feet 
or  hundreds  of  feet,  the  radii  of  the  curves  ate 
also  given  in  the  same  fractions,  or  id  inches, 
feet  or  hundreds  of  feet. 

In  the  first  column  the  tangential  angles  aie 
given,  in  the  second  the  "  deflection  angles,** 
which  will  be  explained  hereafter,  and  in  the 
third  the  radii  of  curves  laid  off  with  such  angles 
and  chords  =  i.  Thus,  in  fig.  245  the  tangential 
angles  a  A  b,  b  A  c,  etc.,  are  5  degrees  and  the 
chords  A  r,  i  2,  2  3,  etc.,  are  equal  to  1^  in.; 
consequently  the  radius  of  the  curve  is  given  in 
half  inches,  and  is  equal  to  ^^^<^^  =  5.731  in. 
If  the  chord  used  had  been  an  inch  long,  the 
radius  of  the  curve,  with  tangential  angles  of  5 
degrees,  would  have  been  equal  to  11.463  in.  ;  if 
the  chord  had  been  equal  to  i  ft.,  the  radius  would 
be  11.463  ft.  From  the  table,  then,  we  can  readily 
ascertain  what  the  radius  will  be  for  any  angle  of 
deflection  and  any  chord. 

If  for  any  reason — as  happens  very  often  in 
laying  out  railroad  curves — a  curve  cannot  be 
completed  from  one  point,  as  A,  then  it  can  be 
continued  from  any  other  point,  as  5,  by  extend- 
ing the  chord  5  6  toy,  and  laying  off  anglesy  5  k, 
k  ^  I,  I  ^  m,  etc.,  from  sj,  and  continuing  as  al- 
ready explained  ;  or  a  curve  of  greater 
or  lesser  radius  may  be  drawn  from 
5,  as  may  be  desired. 

Problem  68.  To  lay  out  a  circular 
curve  by  means  of  deflection  angles. 

Starting  from  A,  fig.  246,  on  the  line 
A  a,  lay  off  the  tangential  angle  a  A  b 
and  measure  the  chord  ^  1  as  in  the 
preceding  problem.  Then  from  i  lay 
off  an  angle,  b  i,  c  called  the  deflec- 
tion angle,  equal  to  twice  a  A  b,  the 
tangential  angle,  and  measure  the 
chord  I  2  on  I  f.  Then  2  will  be  a 
second  point  in  the  curve.  Proceed 
in  the  same  way,  and  lay  off  deflection 
angles  from  the  successive  points  2. 
3.  4,  5,  etc.,  and  measure  the  chords 
on  the  lines  2  r.  3  </,  4  <»,  etc.,  and  the 

points  thus  established  will  be  ia  the  required  curve.  It  must 
be  remembered  that  the  deflection  angles  are  always  twice  the 
tangential  angles.  In  the  table  the  tangential  angles  are  given 
in  the  first  column,  the  deflection  angles  in  the  second  and 
the  radii  of  curves  for  chords  of  i  in  the  third  column.* 
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THE   ELLIPSE. 

An  ellipse  is  an  oval-shaped  curve,  fig.  247,  which  has  the 
characteristic  property  that  the  sum  of  the  distances  of  any 
point  in  the  curve  from  two  points,  a  and  b,  called  the  fod,  >* 
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Fig.  247. 


equal  to  the  long  diameter,  C  D,  called  the  major 
or  conjugate  axis.  Thus,  in  fig.  247,  the  distance 
a  c  -\-  c  b  z^  C  D,  and  a  e  -{■  e  b  =^  C  D.  If  we 
measure  the  distance  of  any  point  of  the  curve 
from  the  two  foci,  and  add  these  distances  to- 
gether, their  sum  will  be  equal  to  the  major 
axis. 

Ellipses  also  have  the  peculiarity  that  the  nearer 
their  two  axes  are  of  the  same  length,  the  more 
the  curve  approximates  to  a  circle,  and  it  will 
coincide  with  a  circle  if  the  axes  are  of  equal 
length  ;  on  the  other  hand,  if  the  minor  axis  is 
shortened  in  proportion  to  the  major  axis,  the 
length  of  the  figure  will  approximate  to  a  straight 
line,  and  will  become  such  a  line  if  the  short  di- 
ameter is  infinitely  small.  Ellipses  may,  there- 
fore, be  round  or  flat,  but  they  always  have  the 
properties  described  above. 

Problem  6g.  To  draw  an  ellipse  with  a  string 
and  pencil. 

Lay  down  the  major  axis  C  D,  fig.  247,  and  bi- 
sect it  at  E,  and  draw  the  minor  axis  c  </ through 
E  and  perpendicular  to  C  D.  To  find  the  foci, 
take  half  the  length  of  C  D,  and  from  <:  or  </  as 
a  center,  draw  arcs  intersecting  C  D  aX.  a  and  b. 
The  points  of  intersection  will  be  the  foci.  Take 
a  string  whose  length  is  just  equal  to  C  D,  and 
drive  nails  or  pins  in  the  foci  and  in  c  or  d. 
Pass  the  string  around  the  three  pins  and  tie  it  to 
a  and  b.  Take  out  the  pin  at  c  and  substitute  a 
pencil,  and  draw  the  string  tight.  The  pencil 
may  then  be  moved  along  inside  of  the  loop  so  as 
to  trace  an  ellipse  on  the  paper.  It  is  difficult  to 
draw  accurately  or  neatly  by  this  method,  espe- 
cially if  the  ellipses  are  small. 

Problem  70.  To  lay  off  an  ellipse  with  a 
straight  edge. 

Draw  the  major  and  minor  axes  A  B  and  C  D, 
fig.  248.  Then  on  a  thin  wooden  straight  edge, 
slip  of  stiff  paper,  or  card  s  s,  mark  lines  ^and^, 
whose  distance  apart,  eg,  is  equal  to  O  B,  or  half 
the  major  axis,  and  make  ^/"  equal  to  O  C,  or  half 
the  minor  axis.  Move  the  straight  edge  so  that 
the  points  e  and  /  will  coincide  with  the  A  B 
and  C  D,  and  then  mark'  the  point  g, 
which  will  be  in  the  curve  of  the  ellipse. 
Move  the  straight  edge  into  other  posi- 
tions, being  careful  that  e  and  f  always 
coincide  with  A  B  and  C  D,  and  from  g 
mark  as  many  points  in  the  curve  as  may 
be  desirable.  It  can  then  be  drawn 
through  these  points,  as  has  been  explained. 
Problem  71.  To  lay  out  t/ie  curve  of 
an  ellipse,  the  two  axes  being  given. 

Draw  the  two  axes  A  B  and-CZ?,  fig. 
249,  at  right  angles  to  each  other.  From 
their  point  of  intersection,  .£'  as  a  center 
and  one-half  the  short  axis,  describe  a 
circle.  C  c,  F  D  ;  and  also  from  E,  with 
half  the  major  axis  as  a  radius,  draw  an- 
other circle,  A  H  B  I.  Divide  the  larger 
circle  into  any  number  of  equal  parts — 
sixteen  in  this  instance.  From  the  cen- 
ter E  draw  radii  through  the  points  of 
subdivision  and  cutting  the  inside  circle. 
From  the  points  of  intersection  of  these 


radii  with  the  large  circle,  draw  perpendiculars  i  i",  2  i\ 
3  3',  etc.,  and  from  the  points  of  intersection,  i',  2'.  3',  etc., 
with  the  small  circle  draw  horizontal  lines,  i'  i',  2'  2',  3'  3*, 
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etc.;  then  the  points  of  intersection,  i",  2",  3',  etc.,  of  these 
lines  will  be  points  in  the  ellipse,  which  can  be  drawn  by  a 
templet  in  the  same  way  as  has  been  described  for  drawing 
arcs  of  circles. 

The  curve  of  the  ellipse  may  be  drawn  through  the  points 
thus  laid  down  with  a  very  close  approximation  to  correctness 
by  finding  centers  a  and  d  by  trial  on  the  major  axis,  from  which 
arcs  of  circles  may  be  drawn  which  will  coincide  very  closely 
to  the  ends  of  the  ellipse  from  3'  to  5"  and  11"  to  13'.  In  the 
same  way  centers  may  be  found  at  c  and  ^on  the  minor  axis, 
extended  from  which   portions  of   the  top  and  bottom  of  the 


Fig.  249. 

ellipse  can  be  drawn.  Other  centers,  e  f  g  h,  may  then  be 
found  by  trial  from  which  arcs  may  be  drawn,  which  will  unite 
those  which  represent  the  ends  and  the  top  and  bottom  of  the 
ellipse,  and  which  will  pass  through  the  points  in  the  ellipse 
which  have  been  laid  down.  It  is  impossible  to  draw  ellipses 
correctly  with  compasses,  and  at  best  when  drawn  with  such 
instruments,  the  curves  are  only  approximately  correct,  and 
are  decidedly  inferior  to  true  ellipses  in  point  of  regularity 
and  beauty  of  contour. 

Problem  72.      To  lay  out  an  ellipse. 

The  fact  that  the  sum  of  the  distances  of  any  point  in  an 
ellipse  is  equal  to  its  major  axis  gives  an  easy  method  of  laying 
off  any  number  of  points  in  the  ellipse.  Let  A  B,  fig.  250,  be 
the  major  and  CD  the  minor  axis  in  an  ellipse.  To  lay  off  the 
two  foci,  take  A  E  r=  one-half  of  A  B  as  a  radius,  and  from 
C  or  Z>  as  a  center  draw  arcs  at  e  and  f  intersecting  A  B  ;  then 
these  points  of  intersection  will  be  the  foci.     Then  lay  off  any 


l>       1  1 
Fig.  250. 

number  of  points,  i,  2,  3,  4,  5,  6,  7,  between  the  center  E  and 
the  focus  f,  and  with  ^  i  ai  a  radius  and  e  and /as  centers  de- 


scribe arcs  i',  I',  I',  i'  ;  and  with  i  /^  as  a  radius  and  from  the 
same  centers  describe  arcs  i',  i",  i',  i',  intersecting  i'— j- 
The  points  of  intersection  will  be  points  in  the  ellipse.  Then 
with  B  2  and  A  2  sls  radii  proceed  in  the  same  manner,  which 
will  give  other  points  in  the  ellipse,  and  by  taking  successively 
B  2,  A  ^,  B  4,  A  4,  etc.,  as  radii  still  other  points  may  be  laid 
down.  The  curve  of  the  ellipse  can  then  be  drawn  either  with 
a  template  or  compasses,  as  has  been  described. 

It  will  be  found  desirable  that  the  points  laid  off  between 
e  and  E  should  be  nearer  together  next  to  e  than  they  are  next 
to  E.  For  this  reason  it  is  well  to  draw  a  quarter  circle  e  h 
from  the  center  E  with  a  radius  E  e.  The  arc  e  h  should  then 
be  divided  into  any  number  of  equal  parts.  From  the  points  of 
subdivision  i  j  k,  etc.,  draw  perpendicular  lines  /  i,j  2,  k  3,  etc. 
to  A  g.  The  points  i,  2,  3,  etc.,  will  thus  be  nearer  together 
as  they  approach  e. 

Problem  73.     Another  method  of  laying  out  an  ellipse. 

Having  drawn  the  major  and  minor  axes  A  B  and  CD,  (ig.  251, 
construct  a  rectangle  f  g  h  i,  whose  sides  are  parallel  to  the  axes 
and  pass  through  their  extremities.  A,  C,  B,  D.  Divide  A  E 
and  A  F  into  the  same  number  of  equal  parts,  i,  2,  3,  4,  5,  and 
\',  2'.  3',  4',  5'.  Draw  lines  from  D  through  i,  2,  3.  etc.,  to 
meet  lines  from  C  through  i',  2',  3',  etc.,  on  A  F.  Their  points 
of  intersection,  i',  2',  3',  etc.,  are  points  in  the  ellipse.  The 
other  portions  of  it  can  be  laid  out  in  a  similar  way.  This 
method  can  be  advantageously  employed  for  laying  off  a  semi- 
elliptical  arch. 

Problem  74.      To  lay  off  an  ellipse  by  ordinates* 

Draw  A  B,  fig.  252,  the  major  axis  of  the  ellipse,  and  8'  8.  one- 
half  the  minor  axis,  perpendicular  \.o  A  B  ^x  its  middle  point,  8. 


C 


""^Ml 

E 

^^ 

^ 

1) 
Fig.  251. 

Subdivide  each  half  of  the  major  axis  into  eight  equal  parts,  and 
draw  perpendicular  lines  or  ordinates  i  i'.  2  2',  3  3',  etc.,  to 
A  B  through  the  points  of  subdivision.  Then  multiply  one- 
half  the  length  of  the  minor  axis,  or  8  8',  by  the  numbers  on  the 
ordinates  in  fig.  252;  the  products  will  be  the  lengths  of  the  cor- 
responding ordinates,  which  can  be  laid  off  with  dividers  from 
A  B.  Similar  ordinates  can  be  laid  off  on  the  right  side  of  the 
minor  axis  8"  8  and  below  the  major  axis  A  B  to  complete  the 
ellipse.  In  practice  it  saves  time  to  lay  ofr  A  8"  8.  or  one-quar- 
ter of  the  ellipse,  and  make  a  template  for  it,  the  lower  edge  of 


Fig.  252. 

which  is  made  straight,  to  coincide  with  A  ^T«nd  the  left-fiand 
edge  to  coincide  with  the  minor  axis  8'  8.  By  reversing  this 
template  the  whole  of  the  ellipse  can  be  drawn.  ^^    ^ 

The  numbers  above  the  line  CZ>are  the  "  complements"  o. 
the  ordinates  or  the  distances  i"  i',  2'  2',  3'  3',  etc..  from  the 
line  C  Z^  to  the  curve.  A  semi-ellipse  may,  therefore,  be  laid 
off  by  drawing  ordinates  below  CZ?and  multiplying  one-half 
the  minor  axis,  or  8'  8,  by  the  complements,  and  laying  oft"  the 
lengths  of  the  ordinates  below  C  D.j 


*  An  "  ordinate'^  is  a  line  drawn  perpendicular  to  either  axis  of  the  elnp 
and  terminating  in  the  curve.     Thus  in  Fig.  i  i',  a  a',  33',  etc.,  are  ordinates.. 
t  Fr»m  M*lesworth's  "  Pocket-Book  of  Engineering  Formulse." 


Vol.  LXV,  No.  5-] 


ENGINEERING    JOURNAL. 


231 


ProbLKM  75.     An  ellipse  being  given  to  find  the  axes  and  foci.* 

Tf  4  C  B  -D,  fig-  253,  is  the  ellipse,  draw  any  two  chords,  as 
iVand  ('^  ^»  parallel  to  each  other.     Bisect  each  of  these  in  / 

AT  and  draw  //  through  the  points  of  division  and  to  inter- 
^"t  the  ellipse  at  A'  and  L.  This  line  divides  the  ellipse 
^bHquely  into  two  equal  parts.  Bisect  L  A'  at  O,  which  will 
°   the  center  of  the  ellipse.     From   O,  with  any  radius,  draw  a 

rcle  cutting  the  ellipse  m  M  N  P  Q.     Join  these  four  points 
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Fig.  253.         . 

by  lines,  which\will  form  a  rectangle  within  the  ellipse.  Bisect 
the  sides  of  this  rectangle  in  R,  S,  7"  and  U,  and  draw  lines 
A  B  and  C  D  llirough  the  points  of  division.  These  lines  will 
be  the  axes  of  the  ellipse. 

The  foci  may  be  found  by  describing  arcs  from  Cor/?  as 
centers,  with  O  B  as  a.  radius,  so  as  to  intersect  A  B  at  IV  and 
V.    The  points  of  intersection  will  then  be  the  foci. 

Pkoiu-EM  76.  7<?  draw  a  line  perpendicular  to  the  curve  0/  an 
tUipse  at  a  given  point  A,  fig.  254. 

Find  the  axes  and  foci,  as  in  the  last  figure.  From  the  foci 
/Kand  Fdraw  lines  through  A,  and  extend  them  outside  of  the 
ellipse.  Bisect  the  angle  B  A  C,  and  draw  a  bisecting  line  A  D, 
which  will  be  perpendicular  to  the  curve  of  the  ellipse  at  A. 
The  stones  of  which  an  elliptical  arch  are  formed  may  be  laid 
out  by  repeating  this  process. 

Probi.e.h  77.  To  draw  a  tangent  to  the  curve  of  an  ellipse  at  a 
given  point  K,  fig.  254. 

Draw  lines   V  E  and   W  E  from  the  foci  through  the  point 


Fig.  254. 

^.  and  extend  V  E  outside  of  the  ellipse.  Bisect  the  angle 
'»  E  F  oy  the  line  G  E,  which  will  be  tangent  to  the  ellipse 
at  E. 

(to  be  continued.) 


Recent   Patents. 


king's  cut-off  valve. 

.  riG.  6  represents  an  ingenious  arrangement  of  cut-off  valves 
intended  to  be  used  in  connection  with  a  D  slide-valve.     The 


ends  or  "  laps"  of  the  slide  valve  are  made  to  extend  over  the 
steam-ports  a  a,  and  admission-ports  h  b'  are  provided  in  the 
laps.  These  admission-ports  are  covered  with  segmental  cut- 
oft  valves  C  C,  which  work  in  correspondingly  shaped  seats 
on  top  of  the  slide  valve.  The  cut-off  valves  work  on  journals 
at  «  n  attached  to  lugs  at  each  end  of  the  segmental  seats,  and 
the  valves  oscillate  on  these  journals.  The  cut-off  valves  also 
have  arms  c  and  c>  attached  to  them  which  are  connected  by 
rods  m  m'  to  pistons  //  H',  which  work  in  a  double  cylinder  B' 
cast  on  top  of  the  slide-valve.     The  cylinders  have  holes  h  and 


EUi: 


Ill's  \"^r?*"^  *^*  following  problem  are  taken  from  "  Linear  Drawing,"  by 

'"»  A.  Davidson 


KING'S  CUT-OFF  VALVE. 

h'  in  their  inner  ends,  which  communicate  with  the  exhaust 
cavity  B  B  oi  the  slide-valve,  so  that  any  steam  behind  the  pis- 
tons can  escape.  The  upper  ends  of  the  arms  c  c'  have  tripping 
latches  which  engage  with  detents  d  d'.  The  vertical  position 
of  these  is  regulated  by  the  governor  j^  in  a  manner  which  will 
be  readily  understood  from  the  engraving. 

The  operation  of  the  valves  is  as  follows  :  If  the  slide-valve 
B  B  IS  moving  toward  the  right  side,  as  indicated  by  the  dart 
B',  the  tripping-arm  <:  engages  with  the  detent  d,  and  the  move- 
ment of  the  slide-valve  thus  causes  the  cut-off  valve  C  to  oscil- 
late on  its  seat  and  open  the  admission-port  b,  and  at  the  same 
time  the  rod  m  draws  the  piston  H  outward  in  its  cylinder 
against  the  steam  pressure  in  the  steam  chest.  When  the 
slide-valve  has  moved  so  far  that  the  tripping-latch  is  disen- 
gaged from  the  detent  d  the  steam  pressure  on  the  piston  // 
forces  it  into  its  cylinder,  and  thus  moves  the  cut-off  valve  C 
and  quickly  closes  the  admission-port  b  and  cuts  off  the  steam. 
The  action  of  the  valve  C ,  which  is  represented  in  the  position 
it  occupies  when  the  port  b'  is  closed,  is  exactly  similar  to  that 
of  C. 

Mr.  John  H.  King,  of  Cincinnati,  is  the  inventor.  His  pat- 
ent is  numbered  449,123.         ,•  r   : 

MULTIPLE   expansion    ENGINE. 

Figs.  7,  8,  9  and  10  represent  improvements  in  Multiple 
Expansion  Engines  for  Screw  Propulsion,  patented  by  Mr. 
Hugh  Dunsmuir,  of  Govan,  Scotland.  He  describes  his  inven- 
tion as  follows  : 

In  adapting  triple  expansion-engines  to  operate  the  propeller- 
shaft  in  a  single  screw-steamer,  as  represented  at  figs.  7  and  8, 
the  intermediate  and  low-pressure  cylinders  A"  and  ^-'are  di- 
rectly connected  each  to  a  crank  B  on  a  short  shaft  C,  while  the 
high-pressure  cylinder  A'  is  connected  to  a  crank  on  the  pro- 
peller-shaft D  ;  or  the  arrangement  may  be  varied.  The  two 
side  crank-shafts  C  and  the  propeller-shaft  D  are  connected 
together  either  by  cranks  or  disks  and  differently  situated 
crank-pins  Z>'  D"  and  connecting-rods  £■  E',  which  are  provided 
in  pairs,  as  shown,  to  insure  rotation  of  the  several  shafts  in 
the  same  direction. 

In  adapting  triple  expansion-engines  to  operate  the  propeller- 
shafts  in  a  twin-screw  steamer,  as  represented  at  figs.  9  and  10, 
the  high-pressure  and  low-pressure  cylinders  A'  and  A^  are  di- 
rectly connected  each  to  one  of  the  crank  or  propeller  shafts 
D,  while  the  intermediate  cylinder  is  connected  to  a  separate 
crank-shaft  C,  or  the  arrangement  may  be  varied  ;  and  in  order 
that  the  power  and  speed  of  rotation  of  the  two  propeller-shafts 
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may  be  equalized  and  economical  working  insured,  the  three 
crank-shafts  are  connected  together,  as  shown,  by  cranks  or 
disks  and  connecting-rods. 

In  his  specifications  he  also  shows  similar  plans  of  applying 
triple  expansion-engines  to  driving  three  propeller-shafts, 
quadruple  expansion  tandem-engines  arranged  to  drive  two 
propeller-shafts,  quadruple  expansion-engines  for  driving  four 


DUNSMUIR'S   MARINE   ENGINE. 

propeller-shafts,  and  two-cylinder  compound  engines  geared  to 
drive  twin  screw-shafts. 


Sound  Aluminum  Castings. 


Sound  castings  of  aluminum  can  be  obtained  in  dry  sand 
moulds,  preferably  lined  with  plumbago.  The  metal  should  be 
heated  to  a  temperature  very  little  above  its  melting  point,  and 
should  be  poured  quickly.  The  shrinkage  of  the  above  metal 
is  W  inch  to  the  foot  (2.26  per  cent,  of  the  length  of  the  mould.) 

The  above  statement,  which  has  been  widely  published,  is 
not  only  true  as  to  aluminum,  but  to  all  metal  castings.  Actual 
sales  of  plumbago  show  that  barrels  of  plumbago  arc  now  used 
in  shops  where  pounds  were  formerly  called  for.  Its  use  abso- 
lutely guarantees  to  the  casting  a  smooth  surface  and  bright 
color.  Caution  is  suggested,  when  purchasing,  to  obtain  ex- 
actly the  kind  wanted  for  the  different  work.  It  can  be  said  of 
plumbago  as  the  Irishman  said  of  whiskey  :  "  None  is  bad, 
but  some  is  better  than  others."  One  kind  of  plumbago  is  bet- 
ter applied  by  the  shake-bag  ;  and,  if  the  brush  is  used,  another 
kind  will  prove  better.  One  preparation  of  plumbago  will 
'•  sleek,"  another  will  not.  Another  kind  is  more  useful  for 
light  castings,  another  kind  for  heavier  work. 

Good  plumbago  will  stand  the  heat,  and  will  neither  burn  nor 
run  before  the  molten  metal. 

A  wash  of  plumbago  for  cores,  loam  work  and  dry  sand 
castings  is  indispensable. 

The  Dixon  Crucible  Company,  of  Jersey  City,  N.  J.,  have 


made  a  patient  study  of  the  subject,  and  being  the  only  miners 
of  plumbago  who  afterward  prepare  it  for  its  many  uses,  they 
can  give  advice  on  the  subject  not  elsewhere  obtainable.  This 
is  contained  in  a  little  book,  which  can  be  had  from  them  on 
application. 


Civil  Service  Examination  for  Draftsmen. 


An  examination  will  be  held  by  the  Civil  Service  Commi^ion 
at   Washington,  D.  C,  commencing  at  9  A.M.,  May  12,  tafin 


DUNSMUIR'S  MARINE  ENGINE. 

vacancies  in  the  Supervising  Architect's,  office,  Treasury  De- 
partment, as  follows  :  \ 

1.  Junior  draftsmen,  who  must  have  two  years'  practice  or 
study  in  the  principles  of  architecture  ;  salary  $3  a  day  (Sundays 
excepted). 

2.  Senior  draftsmen,  who  must  be  experienced  as  assistant 
architects  ;  salary  I5  to  $8  a  day,  rate  of  salary  to  be  determined 
after  trial  in  office. 

3.  Draftsmen  who  have  practical  knowledge  of  steam  and 
hot-water  heating  apparatus  ;  salary  $5  a  day  (Sundays  ex- 
cepted). 

4.  Engineer  draftsmen,  skilled  in  iron-work  and  building  con- 
struction ;  salary  $6  to  $8  a  day,  rate  of  salary  to  be  determined 
after  trial  in  office. 

If  there  are  many  applicants  from  the  vicinity  of  large  cities, 
such  as  Boston,  New  York,  Pittsburgh  or  Chicago,  arrange- 
ments may  perhaps  be  made  to  hold  examinations  in  such 
cities  if  requests  are  received  in  time.  Blank  forms  of  applica- 
tion may  be  obtained  of  the  Commission. 
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Baltimore  Notes. 


Steel  Rails  for  Australia. 


'  The  trustees  of  the  Chesapeake  &  Ohio  Canal  are  making 
their  final  arrangements  for  having  the  canal  in  operation  by 
May  I.  1*^  required  by  the  order  of  Court.  The  trustees  are 
lyjr  |nlin  K.  Cowen,  General  Counsel  of  the  Baltimore  & 
Ohio  ;  Colonel  Bradley  S.  Johnson  and  Hugh  L.  Bond,  of 
Haltimfre  ;  H.  H.  Keedy,  of  Hagerstown,  Md.,  and  Joseph 
Brvan,  of  Richmond. 

Within  the  past  ten  days,  ex-Senator  H.  G.  Davis.  President 
of  the  West  Virginia  Central  &  Pittsburgh  Railroad,  has  had  '■ 
several  interviews  with  Mayor  Davidson,  and  it  is  generally  ( 
believed  among  railroad  men  here  that  the  Western  Maryland 
Railroad  will  soon  be  sold  to  a  syndicate,  who  will  operate  it  m 
connection  with  the  West  Virginia  Central.  It  is  said  that  the 
recent  purchase  of  the  Camden  System  of  roads  in  West  Virginia 
by  the  Baltimore  &  Ohio,  and  the  failure  of  the  Central  to 
secure  the  bed  of  the  Chesapeake  &  Ohio  Canal,  has  made  it 
necessary  for  the  latter  road  to  seek  an  outlet  through  the  West- 
ern Maryland  ;  and  this  is  very  much  strengthened  bv  the  fact 
that  the  Central  is  locating  a  line  from  Cumberland  to  Williams- 
port,  the  terminus  of  the  Western  Maryland. 

!  A  WELL-AUTHENTICATED  Statement  has  it  that  the  Baltimore 
&  Ohio  Company  is  seriously  considering  the  plans  for  the  ex- 
tension of  the  Valley  Railroad  from  Lexington  to  Roanoke, 
Va.  The  distance  is  about  54  miles,  and  it  is  said  that  the  sur- 
veys and  estimates  have  been  made.  If  carried  out,  this  will 
without  question  be  the  Baltimore  &  Ohio  route  to  the  South, 
The  Roanoke  Southern,  which  will  be  built  southward  from 
Winston  to  Monroe,  N.  C,  will  be  the  most  valuable  connec- 
tion. 

-  The  South  Baltimore  Car  Works,  Curtis  Bay,  have  just  closed 
a  contract  with  the  Baltimore  &  Ohio  for  the  construction  of 
250  hopper  gondola  cars  of  6o,ock)  lbs.  capacity. 

It  is  said  that  the  Baltimore  &  Ohio  will  shortly  be  in  the 
market  for  50  cars  of  passenger  equipment  made  up  of  coaches 
and  combined  cars. 

Some  weeks  ago  the  Ries  Electric  Traction  &  Brake  Com- 
pany, of  Baltimore,  applied  their  traction-increasing  system  to 
Baltimore  &  Ohio  engine  806  for  trial.  The  test  was  made 
with  an  alternating  current  dynamo,  with  exciter  on  same 
shaft  ;  but  the  results  not  being  entirely  satisfactory,  the  en- 
gine has  been  ordered  into  shop,  »nd  the  alternating  current 
dynamo  will  be  removed  and  replaced  with  a  direct  current 
dynamo  of  much  greater  capacity — perhaps  8,000  amperes — 
when  a  further  trial  will  be  made.  The  alternating  current 
dynamo  had  a  capacity  of  about  4,000  amperes. 

The  Scranton  Steel  Company,  of  Pennsylvania,  by  their 
counsel,  have  filed  a  bill  in  the  Circuit  Court  against  the  Balti- 
more &  Eastern  Shore  Railroad  Company,  of  Baltimore,  and 
the  Atlantic  Trust  Company,  of  New  York,  trustee,  asking  for  a 
receiver.  This  action  is  brought  about  by  the  non-payment  of 
a  promissory  note  for  steel  rail  furnished. 

Work  on  the  Baltimore  Belt  Railroad  tunnel  is  now  progress- 
ing lapidly.  The  tunnel  is  being  driven  from  six  different 
points  ;  four  shafts  are  located  on  Howard  Street,  respectively 
near  German,  Lexington,  Franklin  and  Madison  streets  ;  one 
shaft  at  Park  and  Preston  streets,  and  through  the  old  Bolton 
depot  property  the  tunnel  is  being  built  by  opening  the  surface 
of  the  ground.  The  open  cuts  from  Hamburg  to  Camden 
streets  and  along  Seventh  Street  in  the  northern  part  of  the  city 
are  being  pushed  rapidly. 


The  Government  of  New  South  Wales  has  made  a  proposi- 
tion to  steel  rail  manufacturers,  and  has  invited  bids  for  the  sup- 
ply of  175,000  tons  of  rails,  to  be  made  from  material  entirely 
manufactured  in  the  colony  from  native  iron  ore  and  coal  or 
^oke.  Delivery  is  to  begin  in  January,  1893,  and  is  to  be  for 
"'■ee  years  at  the  rate  of  25.000  tons  a  year,  and  for  two  years 
at  the  rate  of  50,000  a  year.  The  price  is  to  be  regulated  by  the 
ruling  prices  tor  similar  rails  in  England,  with  freight  and  other 
SJargrs  to  Sydney  added.  The  bids  will  be  received  by  the 
Minister  of  Public  Works  in  Sydney,  and  the  Agent-General 
°  -r?^  Colony  in  London  up  to  June  24  next. 
A  he  attempt  of  the  Colony  of  New  South  Wales  to  establish 


locomotive  works  was  not  successful,  and  it  remains  to  be  seen 
whether  the  rail  manufacturers  will  be  more  ready  to  take  up 
the  offer  than  the  locomotive  builders  were. 


General  Notes. 


The  Worthington  Pump  Company  has  begun  work  on  a 
branch  factory  at  Elizabeth,  N.  J.  The  establishrrent  there 
will  consist  of  a  foundry  143  x  343  ft.,  with  an  L  93  x  200  ft., 
and  a  pattern  and  storage  shop  80  x  180  ft.,  and  will  be  a 
branch  of  the  present  works  in  Brooklyn. 

The  Lane  Bridge  &  Iron  Company,  of  Chicago,  is  building  a 
highway  bridge  over  the  Trinity  River  at  Ft.  Worth,  Tex. 

The  Grand  Trunk  Company  is  building  a  rolling  mill  and 
steam  forge  as  an  addition  to  its  shops  at  Point  St.  Charles, 
near  Montreal. 

The  Consolidated  Car  Heating  Company,  of  Albany,  N.  Y., 
removed  its  Chicago  office  on  May  i  to  Room  200,  Phenix  Build- 
ing. These  rooms  will  always  be  open  to  railroad  men,  and 
will  be  supplied  with  models  of  its  car  heating  and  other  appa- 
ratus. This  Company  submitted  an  elaborate  brief  to  the 
meeting  recently  held  of  the  Superintendents  of  Motive  Power 
of  the  Vanderbilt  Lines,  showing  the  requirements  for  a  uniform 
coupler  for  steam  heating.  These  requirements  are  that  the 
couplers  should  be  steam-tight  ;  uncouple  automatically  ;  have 
an  unobstructed  passage  for  steam  ;  have  no  movable  parts, 
springs,  etc.;  hang  below  the  air  coupling;  have  as  few  projec- 
tions as  possible  ;  be  interchangeable  ;  easily  coupled  ;  simple, 
compact  and  not  expensive.  Each  of  these  statements  is  sup- 
ported by  reasons,  and  the  Consolidated  Company  claims  that 
the  only  coupler  answering  to  all  those  requirements  is  the  Sewall 
coupler. 

The  Port  Richmond  Iron  Works,  in  Philadelphia,  for  many 
years  operated  by  I.  P.  Morris  &  Company,  have  been  sold  to 
the  William  Cramp  &  Sons  Ship  &  Engine  Building  Company. 
The  works  are  extensive,  and  have  done  a  large  business  in 
engines  and  other  machinery,  and  will  be  a  valuable  addition 
to  the  Cramp  yards. 

A  TRIAL  of  the  Serv6  ribbed  boiler  tubes  was  made  in  the 
works  of  Samuel  L.  Moore  &  Sons  Company,  at  Elizabeth, 
N.  J.  A  boiler  was  first  run  with  plain  tubes  two  days  with 
natural  draft  and  two  days  with  forced  draft.  The  plain  tubes 
were  then  removed  and  ribbed  tubes  substituted,  and  the  boiler 
was  run  with  the  new  tubes  for  two  days  with  natural  draft  and 
two  days  with  forced  draft.  The  trial  was  made  under  charge 
of  Mr.  H.  B.  Roelker  and  was  very  carefully  conducted,  but  at 
the  time  of  going  to  press  we  have  not  received  the  full  report. 

A  PLANT  is  to  be  erected  in  Scranton,  Pa.,  for  making  fuel 
from  culm  and  coal  waste  by  the  Phelps  process,  which  is  sub- 
stantially a  water-gas  process,  and  it  is  expected  that  its  use 
will  be  introduced  in  a  number  of  places  throughout  the  coal  re- 
gion where  culm  is  plentiful,  and  easily  obtained. 

The  "  Aerator"  car,  which  was  recently  fitted  up  by  the 
Pennsylvania  Railroad  on  the  plan  of  Mr.  R.  M.  Pancoast,  of 
Camden,  N.  J.,  is  now  being  tried  carrying  fruit  from  Florida 
to  Northern  markets.  In  this  car  the  use  of  ice  is  not  neces- 
sary. A  similar  car  fitted  up  by  the  Baltimore  &  Ohio  Rail- 
road is  now  bein^  used  carrying  oranges  from  Southern  Cali- 
fornia to  Philadelphia.  On  its  first  trip  the  fruit  was  brought 
through  in  very  good  condition. 

The  Scarritt  Furniture  Company,  of  St.  Louis,  has  taken  a 
contract  to  supply  the  Scarritt-Forney  high-back  seat  for  sev- 
eral passenger  cars  now  under  construction  by  the  Barney  & 
Smith  Company,  in  Dayton,  O.,  for  the  Pittsburgh,  Shenango 
&  Lake  Erie  Railroad.  These  are  very  handsome  cars.  Scar- 
ritt-Forney seats  are  also  being  furnished  for  two  first-class  cars 
now  being  built  for  the  East  Louisiana  Railroad. 

The  Baldwin  Locomotive  Works,  Philadelphia,  have  taken 
a  contract  to  build  48  engines  for  the  Northern  Pacific  Rail- 
road. Of  these  engines,  40  will  be  mogul  freight  engines  of 
the  standard  pattern  of  the  road,  and  the  other  eight  will  be  con- 
solidation engines  with  22  x  28  in.  cylinders  for  the  mountain 
divisions. 

The  new^  yards  of  the  Chicago  Ship  Building  Company,  at 
South  Chicago,  have  a  front  of  1,400  ft.  on  the  Calumet  River, 
and  cover  21  acres  of  land.  There  are  three  building  slips,  and 
between  two  of  these  is  a  powerful  steam  derrick  which  is  used 
for  delivering  material  to  the  vessels  under  construction.  The 
main  building  is  570  x  75  ft.,  and  there  are  a  number  of  smaller 
shops.     The  first  steamship  built  was  recently  launched,  as  we 
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have  already   noted,   and  another  vessel  of  the  same  size  is 
nearly  completed. 

The  Rogers  Locomotive  Works,  Patcrson,  N.  J.,  have  re- 
cently completed  a  large  order  for  mogul  engines  with 
ig  X  24-in.  cylinders  for  the  Chicago.  Burlington  «S:  Quincy. 
They  are  now  building  for  the  same  road  three  decapod  engines, 
with  22  X  2S-in.  cylinders  ;  these  engines  have  five  wheels  con- 
nected, and  a  two-wheel  truck.  They  are  also  filling  an  order 
for  mogul  passenger  engines,  with  19  x  24-in.  cylinders  and 
60-in.  drivers  for  the  Norfolic  &  Western  Railroad. 

The  opalite  surfacer,  made  by  the  Chailes  C.  Phillips  Com- 
pany, Philadelphia,  for  priming  and  surfacing  car  and  locomo- 
tive w^ork,  has  been  adopted  on  a  number  of  railroads  with  very 
satisfactory  results. 

The  present  sent  by  the  Mason  Regulator  Company,  of  Bos- 
ton, to  its  friends  at  Easter  was  a  "  fresh,  egg"  packed  neatly  in 


The  Harlan  &  Holiingsworth  Company,  at  Wilniincton 
Del.,  is  building  two  iron  steamers  for  the  line  between  Norfolk 
and  Washington.  The  first  of  these,  the  Washingtoii,  was  rt 
cently  launched.  She  is  2C0  ft.  long  over  all  ;  37  ft.  beam 
moulded  ;  46  ft.  wide  over  guards  ;  i64  ft.  deep  and  diawsio 
ft.  of  water.  The  engine  is  of  the  diiect-arting  inverted  triplj. 
expansion  type,  with  cylinders  22  in.,  36  in.  and  55  in.  j^ 
diameter  and  28  in.  stroke.  The  passenger  accoirmcdations 
are  very  handsomely  fitted  up,  and  the  boat  has  a  large  capacity 
for  freight.  On  the  trial  trip,  with  118  levolulions  per  minute 
the  ship  made  16$  knots  an  hour.  ' 

During  March  the  Schenectady  Locomotive  Works  turned 
out  35  engines,  including  sixteen  19  x  24-in.  lo-wheel  freight 
and  eight  iS  x  24  in.  lo-wheel  passenger,  for  the  Chicago 4 
Northwestern  ;  five  19  x  24-in.  lO-wheel  freight  for  the  Chi- 
cago, St.  Paul,  Minneapolis  &  Omaha  ;  one  18  x  24-in.  inogul 
for   the     Bennington    &    Rutland  ;    one    18  x   24-in.     lo-wheel 


TRIPLE-EXPANSION   ENGINE   FOR  SIDE-WHEEL   RIVER  STEAMER. 


a^small  box.  The  shell  was  apparently  perfect,  but  on  crack- 
ing it  the  yolk  was  found  to  consist  of  yellow  tissue  paper,  on 
which  was  printed  a  brief  reference  to  the  Mason  Company's 
reducing  valves,  air-brake  regulators  and  damper  regulators. 
The  whole  device  was  very  neat. 

The  life  of  ordinary  roof  paints  is  from  two  to  five  years.  It 
is  claimed  that  Dixon's  graphite  paint,  however,  will  last  from 
10  to  15  years  on  outside  work.  This  paint  is  especially  useful 
in  localities  where  a  surface  is  likely  to  be  corroded  by  acids 
and  alkalies.  An  example  of  its  use  on  a  large  scale  is  on  the 
new  elevated  line  of  the  Pennsylvania  Railroad  in  Jersey  City. 

The  Pennsylvania  Railroad  shops  in  West  Philadelphia  are 
putting  in  a  Thomson-Houston  electric  welding  machine,  to  be 
used  in  boiler  work.  The  car  shops  last  month  turned  out  a 
total  of  92  cars.  The  paint  shop  at  this  place  is  provided  with 
an  elaborate  system  of  ventilation,  which  has  worked  very  well, 
not  only  in  keeping  the  air  in  the  shop  pure,  but  also  in  assist- 
ing the  drying  of  paint  and  varnish  on  cars. 

The  Toledo  Machine  &  Tool  Company.  Toledo,  O.,  has 
bought  the  entire  plant  of  the  Smith  &  Haldeman  Elevator  Com- 
pany, including  all  patterns,  tools,  etc.,  and  is  now  located  in 
the  shops  on  Superior  and  Oak  streets,  with  a  much  enlarged 
capacity  for  work.  In  the  new  shops  the  company  will  make 
punching  presses  and  other  sheet-metal  tools  in  addition  to  the 
small  work  heretofore  done.  The  concern  was  started  by  G. 
F.  Danielson  three  years  ago,  and  has  been  remarkably  suc- 
cessful. 


(completing  an  order  for  25)  for  the  Atchison,  Topeka  &  Santa 
Fe  ;  one  17  x  24-in.  6-wheel  switching  engine  for  the  Grand 
Central  Station,  New  York  ;  one  18  x  24  in.  6-wheel  switching 
engine  for  the  Fitchburg  ;  two  18  x  24-in.  6-wheel  switching 
locomotives  for  the  Northern  Pacific  Terminal  Company. 

The  new  bridge  over  the  Arkansas  River  at  Ft.  Smith,  Ark., 
was  completed  March  30,  when  the  draw-span  was  swung  into 
position.  This  bridge  was  built  by  the  Union  Bridge  Company, 
and  is  2,370  ft.  in  length  over  all. 


A  Light  Side-Wheel  Engine. 


The  accompanying  illustration,  from  the  London  Engii'<ef, 
shows  .an  engine  built  by  the  Southampton  Naval  Works  for  a 
light  side-wheel  steamer,  intended  to  run  on  the  Nile.  The 
engine  is  of  the  triple-expansion  type,  with  cranks  set  at  an  angle 
of  120 ',  the  cylinders  being  I2|  in.,  20  in.  and  30  in.  in  diameter, 
by  36  in.  stroke.  The  high-pressure  and  intermediate  cylin'^e'* 
have  piston  valves,  the  low-pressure  a  plain  slide  valve,  each 
worked  by  a  link  motion.  The  air,  feed  and  bilge  pumps  are  all 
in  one  casting  ;  they  are  worked  by  levers  and  links  from  the 
low-pressure  cross-head.  The  condenser  is  entirely  separate, 
and  is  cylindrical  in  form,  of  copper. 

The  general  design  of  the  framing  and  the  arrangement  of 
the  engines  on  the  flat  bottom  of  the  boat  are  well  shown  in 
the  engraving.  The  wheels  are  of  the  feathering  type,  an'^  ^^^ 
6  ft.  9  in.  in  diameter. 
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Qteain  is  supplied  by  two  boilers  of  the  locomotive  type,  42 
in  diameter  and   15  ft.  long,  working  at  a  pressure  of  160 
!h      They  will  work  under  forced  draught,  on  the  closed  ash- 


pan  principle- 
Th«?re  will  t 


There  win  be  a  small  engine  for  running  the  dynamo  for  the 
lectric  lights.     This  engine  will  take  steam  from  a  smaller 
boiler,  also  of  the  locomotive  type. 


OBITUARY. 


Captain  Thomas  H.  Lapsley,  who  died  at  Braddock,  Pa., 
April  10,  was  well  known  from  his  long  experience  in  rolling- 
mill  work.  He  was  72  years  old,  «nd  had  been  Superintendent 
of  the  Edgar  Thompson  mill  ever  since  these  works  were  start- 
ed He  had  suggested  and  made  many  improvements  in  his 
department.  

J.  Edward  Larkin,  who  died  at  Havre  de  Grace,  Md.,  April 
II,  aged  60  years,  was  born  in  Yarmouth,  Mass.,  and  entered 
the  service  of  the  Philadelphia,  Wilmington  &  Baltimore  Rail- 
road under  the  late  President  Felton,  and  had  been  connected 
with  the  road  ever  since.  For  a  number  of  years  he  had  charge 
of  the  bridges  on  the  road,  and  had  a  part  in  designing  a  num- 
ber of  the  present  structures.  At  the  time  of  his  death  he  was 
in  charge  of  the  bridge  over  the  Susquehanna  between  Havre 
de  Grace  and  Perryville. 


PERSONALS. 


R.  W.  Baxter  has  been  appointed  Superintendent  of  the 

Ohio  Division  of  the  Baltimore  &  Ohio  Railroad. 

i  ' 

J.  M.  Johnson,  for  some  time  past  Engineer  of  the  Louisville 
Bridge  &  Iron  Company,  has  been  appointed  President  also. 

RoBK.RT  QuAYLE,  recently  on  the  Chicago  &  Northwestern,  is 
now  Master  Mechanic  of  the  Milwaukee,  Lake  Shore  &  West- 
ern Railroad. 

P.  C.  Sneed  is  now  Superintendent  of  the  Chicago  Division 
of  the  Baltimore  &  Ohio  Railroad,  succeeding  F.  H.  Britton, 
who  has  resigned. 

Alfred  H.  Raynal,  lately  with  the  Richmond  Locomotive 
Works,  has  been  appointed  Superintendent  of  the  works  of  the 
Samuel  L.  Moore  &  Sons  Company  at  Elizabeth,  N.  J. 

Richard  Randolph,  late  Consulting  Engineer,  has  been  ap- 
pointed Chief  Engineer  of  the  Baltimore  Belt  Railroad  in  place 
of  Samuel  Rea,  who  has  resigned  on  account  of  ill  health. 

T.  F.  Wetherbee  has  been  appointed  General  Agent  of  the 
Westinghouse  Machine  Company  at  Durango,  Mexico.  He  has 
been  for  some  time  engaged  in  mining  operations  in  that 
vicinity. 

C.  C.  Elwell  is  now  Engineer  of  Maintenance  of  Way  of  the 
Philadelphia  Division,  Baltimore  &  Ohio  Railroad,  succeeding 
w.  A.  Pratt,  who  has  been  transferred  to  the  Pittsburgh 
Division. 

James  H.  Windrim,  for  some  time  past  Supervising  Architect 
of  the  Treasury  Department,  has  resigned  that  office,  and  has 
accepted  the  position  of  Director  of  Public  Works  of  the  City 

of  Philadelphia. 

W.  M.  Hughes,  Assistant  General  Manager  of  the  Keystone 
Bridge  Company,  has  been  appointed  Engineer  of  Construc- 
tion for  the  buildings  for  the  Columbian  Exposition.  He  will 
have  his  office  in  the  Rookery  Building,  Chicago. 

WiLi.ouGHBY  J.  Edbrooke,  of  Chicago,  has  been  appointed 
Supervising  Architect  of  the  Treasury  Department.  He  is  an 
architect  of  considerable  experience,  and  was  at  one  time  Com- 
'nissioner  of  the  Chicago  Building  Department. 

E-  Dickinson  has  resigned  his  position  as  General  Superin- 
tendent of  the  Trans-Ohio  lines  of  the  Baltimore  &  Ohio  Rail- 
">ad^  He  returns,  as  Assistant  General  Manager,  to  the  Union 

*ci..c,  from  which  road  he  went  to  the  Baltimore  &  Ohio. 

sio       ^^'   ^^'"^^"^LL,   recently  appointed    Railroad    Commis- 
"^'"  °f  Kansas,  has  been  a  railroad  man  for  20  years,  serving 
rakeman,  fireman,  station  agent  and  conductor.     He  was 
ecently  a  conductor  on  the  Atchison,  Topeka  &  Santa  F6. 

Henry  Goldmark  has  been  appointed  Consulting  Bridge 
•engineer  of  the  Kansas  City,  Fort  Scott  &  Memphis  Railroad. 


He  has  his  office  in  Kansas  City,  Mo.  Mr.  Goldmark  had 
charge  of  the  building  of  the  bridge  over  the  Arkansas  River  at 
Little  Rock. 

Captain  George  C.  Dickinson,  C.E.,  late  Division  Engineer 
on  the  Hudson  Suspension  Bridge  &  New  England  Railroad, 
has  been  appointed  Chief  Engineer  of  the  Broadway  &  West 
Virginia  Railroad  ;  his  office  is  at  Broadway,  Rockingham 
County,  Virginia. 

Naval  Constructor  R.  W.  Steele,  U.  S.  N.,  has  been 
ordered  from  Philadelphia  to  the  Mare  Island  Navy  Yard, 
where  he  will  relieve  Naval  Constructor  Fernald,  who  goes  to 
the  New  York  Yard.  Mr.  Steele  has  been  on  duty  at  the  Cramp 
yards  for  several  years. 

John  Hickey  has  been  appointed  Superintendent  of  Motive 
Power  of  the  Northern  Pacific  Railroad.  Mr.  Hickey  has  been 
for  several  years  Master  Mechanic  of  the  Milwaukee,  Lake 
Shore  &  Western,  where  he  has  made  a  reputation  as  a  master 
mechanic  of  ability  and  judgment. 

Major  N.  S.  Hill,  formerly  for  many  years  Purchasing 
Agent  of  the  Baltimore  &  Ohio  Railroad,  is  now  in  charge  of 
the  construction  of  an  extension  of  the  West  Virginia  Central 
&  Pittsburgh  Railroad,  from  Elkins,  W.  Va.,  to  Bealington. 
C.  H.  Latrobe  is  Chief  Engineer  of  the  road. 

Oscar  Saabye,  C.  E.,  has  resigned  his  position  as  Assistant 
Engineer  of  Maintenance  of  Way  of  the  Roanoke  Division, 
Norfolk  &  Western  Railroad,  and  has  entered  into  partnership 
with  Clarence  Coleman,  C.E.  They  will  conduct  a  general 
civil  and  mechanical  engineering  business,  and  have  established 
their  office  at  Room  12,  Moorman  Building,  Roanoke,  Va. 

Naval  Constructor  William  L.  Mintonye,  U.  S.  N.,  has 
been  detached  from  the  New  York  Navy  Yard,  and  ordered  to 
duty  at  the  Boston  Navy  Yard.  He  is  relieved  at  New  York 
by  Naval  Constructor  Frank  S.  Fernald,  who  has  been  for 
some  tjme  past  at  the  Mare  Island  Navy  Yard.  Mr.  Mintonye 
has  been  on  duty  at  the  New  York  Yard  for  several  years,  and 
has  had  immediate  charge  of  the  work  on  the  Maine  and  other 
new  ships. 

♦ 

PROCEEDINGS   OF  SOCIETIES. 


General  Time  Convention.— The  spring  meeting  of  the 
Time  Convention  was  held  in  New  York,  April  8,  with  a  fair 
attendance,  and  the  usual  routine  business  was  transacted. 

The  Committee  on  Car  Service  made  a  report  dealing  chiefly 
with  the  Demurrage  Question,  and  giving  some  account  of  the 
experience  reported  by  the  Car  Service  Association. 

The  Committee  on  Train  Rules  made  a  report  recommending 
some  slight  changes  in  the  present  standard  rules. 

The  Committee  on  Safety  Appliances  made  a  repott  of  prog- 
ress, giving  statistics  obtained  from  various  roads,  principally 
on  steam  heating,  but  making  no  recommendations. 

The  new  rules  reported  at  the  last  session  were  presented  and 
adopted  ;  and  it  was  resolved  to  change  the  name  of  the  or- 
ganization to  the  American  Railway  Association.  It  was  de- 
cided to  hold  the  next  meeting  October  14. 

The  following  officers  were  elected  for  the  ensuing  year  : 
President,  H.  S.  Haines  ;  Vice-Presidents,  H.  F.  Royce,  Lucius 
Tuttle  ;  Secretary,  W.  F.  Allen  ;  Executive  Committee,  G.  W. 
Stevens  and  C.  W.  Bradley. 

President  Haines  then  made  his  annual  address,  which  was 
principally  devoted  to  the  training  and  discipline  of  railroad 
men. 

American  Water- Works  Association. — The  annual  meet- 
ing began  in  Philadelphia,  February  14,  with  a  large  attend 
ance.     At  the  openmg  session  the  President  made  his  annual 
address,  calling  attention  to  the  importance  of  the  work. 

At  the  business  session  the  report  of  the  Committee  on  Cast- 
iron  Water  Pipes  was  read,  describing  the  defects  commonly 
found  in  such  pipes,  and  recommending  a  uniform  system  of 
tests.  Other  papers  read  were  on  the  Philadelphia  Water- 
Works,  by  E.  Geyelin  ;  Steel  Water  Pipe,  by  J.  R.  Dunkin, 
and  the  Columbus  Water-Works,  by  A.  H.  McAlpine,  and  Ani- 
mal and  Vegetable  Matter  Effecting  Water  Supply,  by  Pro- 
fessor Leeds. 

In  the  evening  a  reception  to  the  members  was  given  at  the 
rooms  of  the  Manufacturers'  Club. 

The  papers  read  on  April  15  included  a  number  of  much  in- 
terest, among  which  were  Water-Woiks,  by  Charles  Bush  ; 
Water  Pressure  Gauges,  by  C.  A.  Hague  ;  Hydraulic  Elevators, 
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by  B.  F.  Jones  ;  Flow  of  Water  in  Pipes,  by  Joseph  B.  Rider  ; 
Water  Rates,  by  H.  G.  Holden,  and  others.  In  the  afternoon 
the  members  were  taken  through  Fairmount  Park  and  to  the 
Philadelphia  Water- VVorks. 

On  April  ]6  a  considerable  part  of  the  time  was  devoted  to 
the  discussion  of  questions  submitted  by  members,  and  several 
papers  were  read,  including  the  Purification  of  Water  by  Metallic 
Iron,  by  Dr.  Heniy  Leffman  ;•  Private  and  Public  Works,  by  E. 
W.  Moss  ;  and  Water  Motors,  by  S.  E.  Babcock. 

The  meeting  on  April  17  was  devoted  to  the  usual  routine 
business.  Mr.  J.  M.  Diven  was  elected  President,  and  J.  H. 
Decker  Secretary.  It  was  resolved  to  hold  the  next  convention 
in  New  York. 

Master  Mechanics'  Association. — The  Committee  on  the 
Purification  of  Feed-Water  requests  information  from  all  mem- 
bers who  have  tried  various  devices,  chemical  and  mechanical, 
for  this  purpose.  The  Chairman  of  this  Committee  is  W.  T. 
Small,  St.  Paul,  Minn. 

The  Committee  on  Examination  of  Locomotive  Engineers  and 
Firemen  requests  information  as  to  the  methods  adopted  on 
different  roads,  whether  examination  is  required,  and  what 
plans  are  employed  ?  The  Chairman  is  Mr.  W.  H.  Thomas, 
Knoxville,  Tenn. 

The  Secretary  has  issued  a  reminder  to  members  as  to  the 
importance  of  their  answering  circulars  as  fully  and  as  promptly 
as  possible,  in  order  that  the  committees  may  be  able  to  make 
full  and  proper  reports. 


Master  Car  &  Locomotive  Painters'  Association. — The 
Advisory  Committee  has  prepared  the  following  list  of  subjects 
and  queries  for  the  annual  convention  in  Washington,  Septem- 
ber 8,  and  they  are  issued  in  a  circular  by  Secretary  R.  Mc- 
Keon  : 

SUBJECTS. 

1.  Is  there  a  chemically  pure  soap  that  can  be  safely  used 
for  the  purpose  of  cleaning  the  outside  varnished  surface  of  the 
Railroad  Passenger  Coach  while  in  service  ?  stating  soap,  re- 
sults and  method  of  cleaning. 

2.  As  a  question  of  economy  and  durability,  should  Rough 
stuff  be  discarded  on  the  outside  surface  of  a  Railroad  Passenger 
Coach?  If  so,  what  materials  and  methods  of  application  will 
best  answer  the  requirements  of  this  class  of  work,  durability 
being  the  main  consideration  ? 

3.  According  to  the  practical  experience  and  ideas  of  Railroad 
Car  and  Locomotive  Painters,  can  a  new  locomotive  receive  a 
durable  finish  in  10  days,  stating  method  and  materials  used  ? 

4.  As  an  Associated  Body,  can  we  exert  an  influence  on  pur- 
chasing power  that  would  remedy  where  necessary  the  quality 
of  materials  furnished  ?  An  item  of  great  importance  when 
viewed  from  the  standpoint  that  the  best  procurable  is  the  most 
economical,  as  demonstrated  through  practical  experience  in  the 
Railroad  Paint  Shop. 

5.  How  should  the  New  Wood  Head-Lining  material  of  a  pas- 
senger coach  be  treated  to  prevent  the  finished  surface  from 
becoming  destroyed  from  decay  of  filler,  grain  raising,  etc., 
due  to  the  interior  heat  and  moisture  of  a  passenger  car  ? 

6.  Are  Railroad  Companies  benefited  through  the  Associa- 
tion of  Master  Car  &  Locomotive  Painters?     Essay. 

7.  Reports  of  committee  of  12  appointed  on  geographical 
interchange  of  test  panels  painted  and  exposed  for  a  period  of 
10  months  in  the  extreme  different  climatic  sections  of  the 
country. 

QUERIES. 

1.  Would  it  be  advisable  to  form  a  Bureau  of  Information  in 
connection  with  our  Association  ? 

2.  Do  you  use  part  or  all  shellac  on  the  hard  wood  insid< 
finish  of  your  passenger  cars  ? 

3.  How  do  you  prepare  your  stack  blacking  for  Locomotives 
whife  in  service  ? 

4.  What  materials  do  you  use  and  how  long  do  you  take  to 
paint  your  Freight  Cars  ? 

5.  As  an  item  of  shop  economy,  in  what  manner  can  you 
keep  your  paint  stock  and  brushes  in  the  most  serviceable  state  ? 

6.  What  is  the  best  formula  for  preparing  floor  paint  for 
passenger  cars  ? 

7.  What  are  your  views  concerning  the  piece  work  system  for 
the  Railroad  Paint  Shop  ? 


American  Society  of  Civil  Engineers.— At  the  regular 
meeting,  April  i,  Mr.  J.  Foster  Crowell  presented  a  paper  on 
the  Ravine  du  Sud,  Haiti,  and  Mr.  W.  E.  Worthen  presented  a 
paper  on  the  Concrete  Sewer  at  Mt.  Vernon. 


A  motion  was  made  and  carried  requesting  the  Board  of  n- 
rectors  to  keep  the  rooms  of  the  Society  open  every  evenln' 
except  Sunday.  ^ 

Tlie  tellers  announced  the  following  elections  :  FeUow,  ^ 
win  D.  Adams,  New  York. 

Af embers  :  Job  Abbott,  New  York  ;  Francis  C.  Gamble,  Vic 
toria,  B.  C;  Charles  A.  Wilson,  Toledo,  O. 

Assoriate  Members:  William  F.  Jordan,  Rochester,  N.  Y- 
Levis  P.  Pennvpacker,  Clement  I.  Walker,  New  York.         "' 

Associates  :  S.  G.  Comfort,  Chester,  Pa.;  J.  R.  Dunn,  W.  C 
Oastler,  New  York. 

Juniors  :  W.  E.  Belknap,  P.  Smith,  Jersey  City,  N.  J_|  j 
J.  Cbibas,  Pittsburgh,  Pa.;  L.  B.  Jenckes,  South  Man-hesier 
Conn,;  A.  H.  Wood,  National  City,  Cal.;  J.  C.  L.  Rog« 
New  York. 


At  the  regular  meeting,  April  15,  the  Secretary  read  a  papjj 
by  Mr.  A.  M.  Hawks  on  the  Automatic  Refrigerator  System 
at  Denver,  describing  the  plant  there,  which  has  been  in  opera- 
tion for  two  years  successfully,  and  which  is  on  the  ammonia 
system. 

Mr.  C.  P.  Bassett  read  a  paper  on  the  Sewage  Disposal  at 
East  Orange,  describing  the  new  works  in  that  place. 


Engineers'  Club  of  Philadelphia. — At  the  regular  meet 
ing,  March  17,  the  tellers  reported  that  the  new  Constitution 
and  by-laws  had  been  adopted. 

The  Secretary  presented  notes  on  the  Mississippi  River  Dis- 
charge, by  J,  J.  Hoopes  ;  notes  on  Street  Cleaning  in  Washing- 
ton, by  C.  B.  Hunt,  and  a  description  of  the  Reinforcement  of 
Foundation  in  a  Draw-bridge  Pier,  by  Howard  Constalle.  The 
subject  of  Street  Cleaning  on  Asphalt  and  other  smooth  pave- 
ments brought  out  some  discussion,  and  the  Committee  on  In- 
formation was  requested  to  report  to  the  Club  on  the  practice 
in  this  matter  in  various  important  States. 

Mr.  Rudolph  Hering  continued  his  paper  on  the  Corrosion 
of  Iron  and  Steel,  and  referred  to  galvanic  action  as  a  very 
common  cause,  giving  the  results  of  experiments  made  in  this 
country  and  in  England,  which  established  the  fact  that  corro- 
sion was  much  more  rapid  when  galvanic  action  took  place  than 
otherwise. 


At  the  regular  meeting,  March  21,  the  Secretary  announced 
that  the  Directors  had  elected  David  Townsend  Vice-President 
in  place  of  S.  M.  Prevost,  resigned,  and  S.  H.  Chauvenet  an 
additional  Vice-President,  in  accordance  with  the  new  Constitu- 
tion.     Mr.  T.  Carpenter  Smith  was  elected  Treasurer. 

The  appointment  of  the  following  standing  committees  was 
announced : 

G.  Salom,  F.  H.  Lewis  and  S.  H.  Chauvenet. 
David    Townsend,    P.   G.    Salom    and  S.  H. 


Finance  :  P. 
Membership 
Chauvenet. 
Publication  : 


G. 


Rudolph  Hering,  John  C.  Trautwine,  Jr.,  and 
Professor  H.  W.  Spangler. 

Library  :    George  S.    Webster,  Rudolph   Hering  and 
Salom. 

Information  and  Entertainment :  H.  W.  Spangler,  George  S. 
Webster  and  F.  H.  Lewis. 

House:  F.  H.  Lewis,  John  C.  Trautwine,  Jr.,  and  David 
Townsend. 

The  Secretary  presented  for  Mr.  Harry  B.  Hirsh  an  illns 
trated  description  of  an  Iron  Sewer  Template  which  had  been 
used  in  the  construction  of  a  cement  sewer. 

Mr.  Strickland  L.  Kneass  presented  notes  on  the  Discharge 
of  Steam  into  the  atmosphere  through  tubes  of  different  shapes, 
with  pressures  from  30  to  120  lbs.  per  square  inch. 

The  results  showed  that  for  all  pressures  above  25  H'S.  the 
velocity  of  discharge  at  any  given  section  of  a  correctly  propor- 
ed  tube  was  practically  constant  ;  and  that  under  the  same 
ditions  the  flow  of  weight  was  almost  directly  proportional 
to  the  initial  pressure. 

A  simple  formula,  comparing  very  closely  with  observed  rc^ 
suits,  was  given  for  determining  the  weight  of  steam  discharged 
per  second  from  an  orifice,  in  terms  of  the  initial  density  of  the 
fluid. 

There  was  some  discussion  of  this  paper. 


At  the  regular  meeting,  April  4,  Professor  H.  W.  Spangle 
called  the  attention  of  the  club  to  the  fact  that  while  steam  passes 
through  an  orifice  at  approximately  a  constant  velocity.  "   * 
opening  is  made  below  the  water  level  of  a  boiler  the  quantity 
of  water  passing  out  under  any  pressure  in  unit  time  is  pra  • 
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tically 


constant.  This  is  due,  of  course,  to  the  fact  that  as  the 
J,  passes  from  the  boiler  into  a  passage  in  which  there  is 
u*s  than  boiler  pressure,  a  portion  of  the  water  is  converted 
.  steam,  and  while  the  velocity  in  this  case  is  different  for 
rTfferent  pressures,  the  total  quantity  of  water  is  practically  the 

me  at  all  pressures.  In  other  words,  as  long  as  the  pressure 
■  the  boiler  is  practically  constant,  the  time  of  emptying  the 
boiler  is  always  the  same  through  the  same  orifice.  This  was 
further  discussed  .u     ir     •         ■ 

j^r,  Thomas  G.  Janvier  read  a  paper  on  the  Engineering 
Features  of  the  Road  Question,  which  was  followed  by  some 
jiscussioii. 

A  paper  was  presented  for  Mr.  C.  R.  Claghorn  on  the  Ala- 
bama Coal  Fields.  This  described  the  three  principal  fields 
with  their  characteristics,  and  the  qualitv  of  coal  taken  from 
them.  

Engineers'  Society  of  Western  Pennsylvania.— At  the 
regular  meeting  in  Pittsburgh,  February  17,  Charles  A.  Camp, 

E.  E.  Means,  Emil  Hallgren.  W.  H.  Kemler.  J.  Branne,  J.M. 
Deforth,  E.  K.  Scott,  James  B.  Hardie  and  George  Jewett 
Hicks,  were  elected  members  of  the  Society. 

There  was  a  long  and  very  interesting  discussion  on  Mr.  C. 

F.  Scott's  paper  on  Electrical.Mining  Machines,  in  which  nearly 
all  the  members  present  took  part,  and  many  interesting  facts 
were  brought  forward  to  show  the  advantages  of  the  use  of 
electricity  in  operating  machinery  underground. 

Engineers'  Club  of  Cincinnati. — At  the  regular  meeting, 
March  19,  A.  A.  Daniels,  A.  O.  Eisner,  F.  W.  Wrampelmeier, 
William  E.  Dowson,  William  H.  Rabbe  and  Henry  Dreses 
were  elected  to  membership. 

The  question,  Will  a  cut  of  5,000  cubic  yards  make  a  fill  of 
5,000  cubic  yards  after  a  haul  of  from  500  to  1,000  ft.?  was 
discussed  at  considerable  length. 

The  paper  for  the  evening,  by  W.  H.  D.  Totten,  comprised 
a  description  of  the  plants  of  the  Edgar  Thomson  and  the 
Homestead  Steel  Works  of  the  Carnegie  Association,  of  Pitts- 
burgh. 

Civil  Engineers'  Club  of  Cleveland.— The  eleventh  annual 
banquet  of  this  Club  was  held  at  the  Stillman  House,  in  Cleve- 
land, March  17,  about  200  guests  being  present.  The  banquet 
was  much  enjoyed,  and  still  more  pleasure  was  derived  from 
the  speaking  after  dinner.  The  different  toasts  and  the  gentle- 
men who  responded  to  them  were:  "The  Starry  Heavens," 
Professor  C.  S.  Howe  :  "  The  Earth."  Dr.  Carl  von  Kline  ; 
"  Electricity."  Professor  Cady  Staley  :  "  The  Air."  Mr.  C.  P. 
Leiand  ;  "  Iron  and  Steel,"  Mr.  S.  T.  Wellman  ;  "  Aluminium 
and  Brass,"  Mr.  W.  R.  Warner;  "Stone  and  Brick,"  Mr. 
John  Eisenmann  ;  "  Wood,"  Mr.  James  Ritchie.  The  regular 
speaking  was  followed  by  a  number  of  volunteer  toasts. 


At  the  regular  meeting,  April  14,  Frank  R.  Lander  was 
elected  a  member.  The  Programme  Committee  reported 
arrangements  for  meetings  for  the  ensuing  year. 

Professor  Charles  H  Benjamin  read  a  paper  on  the  Educa- 
tion of  the  Mechanical  Engineer,|advocating  practical  as  well  as 
theoretical  training.  This  was  generally  discussed  by  members 
present. 


.  Civil  Engineers'  Society  of  St.  Paul.— The  regular  meet- 
"8.  in  St.  Paul,  April  6,  was  the  third  joint  meeting  of  the  St. 
^aul  and  Minneapolis  Societies.  Mr.  F.  W.  Cappelen  read  a 
paper  on  the  Minneapolis  Suspension  Bridge.  The  first  bridge 
across  the  Mississippi  River  was  a  suspension  bridge  of  560  ft. 

s     h  i'"''^  '"   ^^^•*-     ^^'^  ^^^  replaced  by  the  structure  de- 

cribed  in  the  paper  in  1876,  and  it  in  turn  was  taken  down  to 
"'ake  room  for  the  present  steel-arch  bridge,  the  wood-work 

eing  completely  wrecked  by  dry  rot.  The  cables  were  re - 
^  oved  wire  by  wire,  each  one  having  been  pulled  from  its  place 

n<J  coiled  on  a  drum  by  steam  power  at  an  average  cost  of  20 
I  "'^  P^""  wire  or  a  trifle  more  than  0.4  per  pound.     The  total 

nRthof  wire  thus  wound  was  1,421  miles.  The  cost  of  de- 
that  fh  ^  'he  bridge  was  $11,000.  Mr.  Cappelen  demonstrated 
tha  h  '°^ded  cables  assumed  the  form  of  a  parabola  rather 
cem         catenary.     The  anchorage  irons,  although  bedded  in 

J?"^'  were  found  to  be  deeply  corroded. 
,  '^^".'''^'on  of  the  paper  brought  out  the  fact  that  wooden 
wh"  h^  '"  ^^^  Northwest  are  commonly  built  of  green  lumber, 
ouchi '^^°"^^  not  be  painted,  except  at  the  joints,  until  thor- 
Wran  ^  f^^^oned.  and  that  oak  keys  for  pine  timbers  may  be 
•*PPca  m  tar  paper  to  advantage. 


Montana  Society  of  Civil  Engineers. — A  special  meeting 
was  held  in  Helena,  Mont.,  February  14,  to  discuss  the  ques- 
tion of  memorializing  the  Legislature  in  favor  of  the  creation  of 
the  office  of  State  Engineer.  The  question  was  discussed  and 
a  letter  from  the  President  was  read,  and  it  was  finally  resolved 
to  appoint  Mr.  W.  A.  Haven  to  report  to  the  next  meeting  the 
proper  action  to  be  taken. 


An  adjourned  meeting  was  held  in  Helena  February  28. 
The  Committee  appointed  at  the  previous  meeting  reyorted  that 
it  was  not  expedient  to  petition  the  Legislature  at  the  present 
session,  as  there  does  not  appear  to  be  any  pressing  need  for 
such  an  office,  although  without  doubt  the  time  will  come  with- 
in a  few  years.  It  was  recommended  that  a  Committee  should 
be  appointed  by  the  Society  to  collect  full  data  as  to  the  office 
of  State  Engineer  in  such  States  as  it  exists  west  of  the  Mis- 
sissippi. The  report  was  approved,  and  the  resolution  for  the 
appointment  of  a  special  committee  was  passed. 

The  Secretary  presented  a  report  showing  that  the  total  re- 
ceipts for  last  year  were  $411  and  the  expenditures  $417. 

It  was  resolved  tnat  standing  committees  on  Topics,  Library 
and  National  Public  Works  should  be  appointed  for  the  ensuing 
year   and  other  routine  business  was  disposed  of. 

New  England  Railroad  Club. — At  the  meeting  in  Boston, 
April  8,  Mr.  Angus  Sinclair  presented  a  paper  on  Inspection 
of  Air-Brakes  of  Freight  Cars,  which  was  generally  discussed 
by  members  present. 

A  Committee  of  three  was  appointed  to  report  changes  in  the 
rules  for  interchange  of  freight  cars,  to  be  discussed  at  the  May 
meeting  of  the  Club. 

Central  Railroad  Club.— At  the  meeting,  in  Buffalo,  April 
8,  the  report  of  the  Committee  on  Inspection  of  Repair  and  Air 
Brakes  was  presented.  It  recommended  additions  to  the  rules 
of  interch.ange  covering  repairs  of  brake  apparatus.  This  re- 
port was  discussed,  and  a  number  of  other  amendments  to  the 
rules  of  interchange  were  suggested  and  discussed. 


Western  Railway  Club. — At  the  regular  meeting  in  Chicago. 
April  21,  the  first  sutjject  was  the  discussion  of  the  paper  on  the 
Improvements  in  Locomotive  Boiler  Construction,  read  by  Mr. 
Hirkey  at  the  March  meeting. 

The  second  subject  was  the  discussion  of  the  amendments  in 
the  Interchange  Rules,  the  object  being  to  prepare  members  for 
the  discussion  at  the  Car  Builders'  Convention. 


NOTES  AND  NEWS. 


Amended  Rules  for  Boiler  Construction. — The  report  of 
the  regular  meeting  of  the  Board  of  Supervising  Inspectors  of 
steam  vessels,  which  has  just  been  officially  promulgated  by  the 
Secretary  of  the  Treasury,  introduces  some  important  amend- 
ments to  existing  rules,  adapting  them  to  improved  qualities 
of  boiler  steel  plate  and  methods  of  application. 

In  regard  to  lap-welded  flues  it  is  required,  in  addition  to  the 
old  rules,  that  flues  7  in.  and  not  over  16  in.  in  diameter  shall 
be  made  in  lengths  of  not  over  3  ft.,  and  fitted  one  into  the 
other  and  substantially  riveted  ;  or  in  lieu  thereof  shall  be  cor- 
rugated to  a  depth  of  not  less  than  f  in.  outwardly,  and  at  a 
distance  of  not  over  3  ft.  between  such  corrugations  :  Provid- 
ed such  corrugations  are  made  without  in  any  manner  reduc- 
ing the  thickness  of  the  material  in  the  flue  at  the  points  cf  cor- 
rugation to  less  than  the  least  thickness  of  the  material  in  the 
body  of  the  flue,  or  that  such  flues  are  made  in  sections  of  not 
over  3  ft.  in  length,  and  flanged  to  a  width  of  not  less  than  2 
in.,  and  riveted  substantially  together  with  a  wrought  iron  ring, 
having  a  thickness  of  material  of  not  less  than  the  thickness  of 
material  in  the  flues,  and  a  width  of  not  less  than  2  in  ,  riveted 
between  such  flanges.  The  thickness  of  the  lap-welded  flues 
shall  not  be  less  than  the  product  of  the  constant  2.20  multiplied 
by  the  diameter  of  the  flues  in  inches,  which  will  express  the 
thickness  in  hundredths  of  an  inch. 

For  cylindrical  boiler  flues  over  16  in.  and  less  than  40  in.  in 
diameter  the  following  formulas  shall  be  used  in  determining 
the  pressure  allowable  :  Cylindrical  boiler  flues  over  x6  in.  and 
not  over  40  in.  in  diameter  shall  be  made  in  Tengths  of  not 
over  3  ft.,  fitted  one  into  the  other,  and  substantially  riveted,  or 
flanged  to  a  depth  of  not  less  than  2  in.  and  riveted  together 
with  a  good  and  substantial  wrought-iron  ring  between  each 
joint,  and  no  such  ring  shall  have  a  thickness  of  less  than  \  in., 
nor  a  width  of  less  than  2  in.,  and  the  maximum  steam  pressure 
per  square  inch  allowable  shall  be  determined  by  the  formulas 
given. 
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The  amended  rules  are  very  complete  and  give  full  directions 
as  to  Government  requirements  for  coil  and  pipe  boilers,  con- 
structed in  all  parts  of  wrought  iron  and  steel  plates. 

Repairing^  Wet  Arches.— In  a  recent  number  of  the  Cen 
tralblatt  der  Bauvenvaltuti'^  was  an  account  of  a  very  satisfac- 
tory method  of  repairing  damp  tunnel  arches,  employed  on  the 
Trier  Division  of  the  Prussian  State  Railways  by  Herr  Blum, 
the  author  of  the  article  from  which  the  following  abstract  is 
taken  :  The  plan  of  the  work  was  very  simple,  being  merely 


chanical  traction  of  boats.  The  two  divisions  of  the  canal  bay 
ing  a  total  length  of  about  3i  miles,  the  trial  was  made  \s\\\\ 
cable   kept   in   continuous  movement,_to   which  the  tow  ropfc 


to 
from  the  boats  could  be  attached.     This  cable  was  dri 
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the  injection  of  cement  through  cracks  and  holes  in  the 
masonry,  which  became  practically  a  monolithic  mass  as  soon 
as  the  cement  had  hardened.  This  method  of  drying  a  tunnel 
was  never  employed  until  a  careful  examination  of  the  surface 
of  the  ground  had  been  made,  and  it  was  found  impossible  to 
remedy  the  faults  by  draining. 

Where  drainage  will  not  suffice,  the  tunnel  walls  are  carefully 
examined,  and  all  joints  not  tight  are  scraped  out  to  a  depth  of 
2  in.  and  caulked  with  about  o.S  in.  of  oakum,  and  the  remaining 
void  filled  with  cement  m  the  usual  manner. 

At  the  same  lime  that  this  work  is  being  done,  workmen  are 
boring  the  i^  in.  holes  through  the  masonry  into  which  the  cur- 
rent is  to  be  injected.  This  cement  is  intended  to  fill  not  only 
the  outer  parts  of  the  joints,  but  also  to  cover  the  whole  exterior 
of  the  masonry  if  there  are  air  spaces  about  it.  As  the  work  of 
boring  these  ho'es  is  expensive,  care  should  be  taken  that  they 
are  driven  at  the  most  advantageous  points.  Experience  has 
shown  that  a  distance  of  3  ft.  between  the  holes  is  as  great  as 
is  consistent  with  good  results  ;  in  very  wet  places  this  should 
be  reduced  by  a  thiid.  Whether  the  holes  are  best  driven 
through  the  stone  or  in  the  joints  depends  entirely  upon  the 
nature  of  the  arch,  especiallv  the  character  of  the  stone,  and 
must  be  determined  independently  for  each  case.  Where  soft 
stone  is  employed,  it  is  generally  better  to  drill  through  the 
voussoirs,  especially  if  their  faces  were  not  dressed  flat,  since 
the  holes  through  the  joints  will  be  very  rough  an  J  uneven  in 
such  cases,  and  the  additional  labor  in  injecting  the  cement  will 
more  than  counterbalance  the  slight  saving  in  boring. 

The  semi-fluid  cement  that  is  forced  into  the  crevices  is  com 
posed  of  five  parts  of  cement  and  four  of  water.  The  injecting 
pumps  are  shown  in  figs.  I  and  2.  The  pump  barrels  are  of 
brass,  and  the  nozzle  at  the  end  of  the  rubber  pipe  is  copper. 
The  price  of  the  apparatus,  with  10  ft.  of  2  in.  rubber  pipe,  was 
about  ^42.  Wiih  a  wooden  tub  the  cost  would  be  considerably 
less.  Ttie  cement  must  be  carefully  stirred,  and  it  is  necessary 
to  clean  ihe  pumps  thoroughly  at  least  once  every  day.  The 
cement  is  injected  at  the  crown  first  by  thrusting  the  copper 
nozzle  through  the  oakum  caulking,  and  pumping  until  the 
material  shows  in  a  neighboring  hole  or  joint.  Whenever  the 
cement  appears  in  the  joints  the  openings  are  carefully  plugged, 
the  pumps  stopped,  and  moved  to  the  next  hole.  The  work  is 
usually  done  by  means  of  scjifTnlding  mounted  on  wheels,  run- 
ning on  the  track  in  the  tunnel.  As  soon  as  the  crown  has 
been  made  impervious  the  sides  of  the  tunnel  become  damp. 
This  is  best  remedied  by  breaking  small  openings  through  the 
tunnel  sides,  and  making,  if  possible,  small  drains,  filled  with 
stone,  up  toward  the  crown  on  the  outside  of  the  masonry. 
The  cost  of  the  work  varies  greatly  with  the  condition  of  the 
tunnel,  varying  in  several  cases  cited  from  $1.56  to  ^3  13  per 
square  yard  of  surface. 

Towing  on  Canals. — At  a  recent  meeting  of  the  German 
Railroad  Association  in  Berlin,  M.  Wiebe  presented  some 
notes  on  the  trials  made  on  the  Oder-Spree  Canal  in  the  me- 


iven  by 

stationary  engines  and  carried  on  pulle>s  fixed  on  posis,  sun. 
ports  of  different  forms  being  tried.  In  one  res|  ect  the  results 
were  satisfactory,  as  boats  could  be  easily  attached  to  the  cable 
and  detached  from  it.  The  most  serious  difficulty  was  the  ten- 
dency  of  the  cable  in  movement  to  turn  around  on  its  axis  and 
so  entangle  the  tow-ropes.     No  arrangement  tried  could  prevent 

this,  and  it  seemed  sufficiently  difficult 
to  prevent  further  development  oi  this 
system. 

On  the  same  canal  towing  by  a  loco- 
motive running  on  a  track  on  the  tow- 
path  was  also  tried.  As  it  was  consid- 
ered  that  the  tendency  would  be  to  bring 
the  engine  from  the  track,  a  car  was 
provided  to  which  the  tow-rope  could 
be  fastened.  This  car  was  heavily  load- 
ed, so  as  to  bring  the  center  of  gravity 
as  near  the  ground  as  possible.  The 
track  upon  which  it  ran  was  a  light  one, 
similar  to  those  used  in  mines.  The 
results  in  this  respect  were  satisfactory  ; 
on  occasion  a  speed  of  about  eight  miles 
an  hour  was  reached,  but  from  three  to 
four  miles  is  sufficient  for  ordinary  tow 
ing.  For  large  boats  loaded  with  coal 
it  was  found  that  the  strain  upon  the 
tow-rope  was  about  1,700  lbs.  in  staiting, 
but  when  the  boat  was  once  in  motion 
the  work  was  much  less.  In  convex 
curves  it  increased,  but  it  diminished  on  concave  curves.  A 
grade  in  the  track  did  not  make  any  difference  in  the  work 
necessary  to  move  the  boat. 

Ancient  Ship  Railroads. — If  a  search  were  made  among  the 
papyri  at  the  British  Museum,  evidence  would  be  found  thai  the 
Egyptians  were  in  the  habit  of  transporting  vessels  overland 
across  the  isthmus  of  Suez,  and  it  is,  indeed,  more  than  proba- 
ble that  they  did  so.  Tradition  records  that  23  centuries  ago  a 
true  ship  railroad,  with  polished  granite  flocks  as  rails,  existed, 
and  was  worked  across  the  Isthmus  of  Corinth,  where  ihe  con 
struction  of  a  ship  canal  has  just  now  only  been  partly  effected 
and  subsequently  abandoned  for  financial  considerations.  In 
1718  the  well-known  Count  Emanuel  Swedenborg  constructed  a 
road  and  "  machines"  for  carrying  laden  vessels  from  Strom- 
stadt  to  Iddefjord  in  Sweden,  a  distance  of  14  miles  across  a 
rough  country,  and  the  successful  use  of  this  work  by  Charles 
XII.,  during  the  siege  of  Frederikshall,  led  to  Swedenborg  being 
regarded  not  only  as  a  national  benefactor,  but  as  a  mechani- 
cian of  no  mean  ability  for  at  least  a  century  after  his  death. 

The  vessels  transported  in  all  the  above  cases  were,  no  doubt, 
small  in  size  and  weight  compared  with  modern  vessels.  Necef- 
sarily,  also,  any  vessel  carried  in  our  own  times  on  an  ordinary 
railroad  must  be  comparatively  small,  or  it  would  not  be  able 
to  pass  under  bridges  and  through  tunnels.  Within  the  latter 
limits,  however,  no  practical  difficulty  whatever  has  been  found 
in  sending  small  vessels  by  rail  at  the  usual  speed  of  good 
trains.  The  Dutch  have  shifted  torpedo  boats  from  one  part 
of  the  coast  to  another  on  railroad  trolleys,  and  Mr.  Donaldson, 
the  torpedo-boat  builder,  some  time  since  forwarded  his  sleam 
yacht  from  the  Thames  to  the  west  coast  of  Scotland  by  rail, 
having,  of  course,  removed  masts,  funnel,  and  all  deck  hamper 
to  enable  her  to  squeeze  through  tunnels. — Fortnightly  Re-te^v, 
London, 

The  Road  Question.— In  a  paper  recently  read  before  the 
Engineers*  Club  of  Philadelphia  by  Mr.  Thomas  G.  Janvier,  on 
the  Engineering  Features  of  the  Road  Question,  the  author  said 
ihat  this  branch  of  the  road  question  should  be  divided  into 
three  pans  :  l.  Location  ;  2.  Preparing  the  road  bed  ;  3-  L")"'*! 
the  pavement.  , 

Location.— The  item   of  expense  should  be  well  considtied. 
In  this  connection,  grading,  land  damages,  etc..  should  not  be 
overlooked.     The  line  should  be  as  direct  as  possibhe,  remtin 
bering  that  a  slight  deflection  to  the  right  or  left  or  an  easy 
curve  might  save  considerable  expense  in  the  matter  of  exrava- 

The  grades  should   be  made 


tion,  embinkment  or  bridging 

as  easy  as  possible,  not  exceeding  7  ft.  per  100,  or  less  "'*"' "J 

.  per  100  ft.     Excessive  excavations  and  embankments  shcul 
avoided.  , 

The  full  width  should  not  be  less  than  40  nor  more  than  c 


ft.    but  the  paved  portion  need  only  be  from  18  to  24  ft- 

The  road-bed,  or  sub  grade,  should  have  the  same  shai'C  Js 

finished  grade.  ,,    j 

Favemmt,—U  intended  for  very  heavy  travel,  the  iclioiu 
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should    be  put    down,  but, 
rill   answer.     The  difference 


if   for   ordinary  travel, 
in  cost  of  these  two 


pavement 
McAdani  w 

vements  is  but  slight,  and  the  Telford  being  much  superior, 
should  be  given  the  preference. 
A  Telford  or  McAdam  road  thoroughly  constructed  and 
ropcrly  maintained  will  never  need  reconstruction.  The  best 
^•stem  of  maintenance  is  that  of  constant  daily  attention  and 
repairs.  All  dirt  roads  intersecting  a  paved  road  should  be 
oaved  several  hundred  feet  from  the  intersection  in  order  that 
as  little  mud  and  dirt  as  possible  shall  be  carried  on  to  the 

paved  road. 
Important  points  to  be  observed  for  keeping  a  road  in  good 

condition  : 

I.  AH  dirt  and  mud  removed  as  frequently  as  possible. 

2!  The  entire  drainage  system  carefully  maintained. 

^]  Constant  daily  repairs  and  patches  wherever  and  whenever 
ruU  or  depressions  begin  to  show. 

4.  Careful  sprinkling  three  or  four  times  a  day  in  dry  weather. 

5,  The  frequent  use  of  a  23;^-ton  roller. 

An  English  Lathe  Attachment. — The  accompanying  illus- 
tration represents  an  appliance  to  be  attached  to  lathes  and 
other  similar  tools  for  obtaining  a  vertical  reciprocal  motion. 
It  is  made  by  Mr.  F.  M.  Rogers,  21  Finsbury  Pavement,  Lon- 


don, E.  C.  The  action  of  the  apparatus  is  simple,  and  will  be 
understood  from  the  illustration.  A  vertical  standard,  which 
can  be  boiled  to  the  lathe  bed,  has  free  to  slide  upon  it  a 
grooved  face  plate.  This  can  be  moved  up  and  down  by  means 
of  a  roller  or  guide  block  mounted  upon  a  pin  bolted  to  the 
chuck  plate  of  the  lathe.  The  pin  is  free  to  move  backward  and 
forward  in  the  roller  path  formed  on  the  back  of  the  slide,  the 
length  of  stroke,  of  course,  depending  upon  the  distance  be- 
fween  the  pin  and  the  mandrel  center.  The  appliance,  which 
IS  likely  to  be  found  particularly  useful  in  small  shops,  can  be 
used  for  a  variety  of  purposes.  By  placing  a  cutting  tool  in  the 
slide  rest  of  the  lathe,  and  feeding  either  by  hand  or  automatic- 
*"y.  a  piece  of  work  fixed  to  the  reciprocating  plate  can  be 
either  planed  or  shaped,  or  the  appliance  could  be  used  for 
punching  or  shearing  if  desired.~/nJusiries. 

Wind  Observations  on  the  Eififel  Tower— The  A'evu^ 
^lentifujue  (Paris)  gives  the  result  of  observations  taken  on 
'he  Eiffel  Tower  of  the  force  and  direction  of  the  wind,  chiefly 

elating  to  ascending  and  descending  currents  ;  that  is  to  vnr- 

'^^l  as  distinguished  from  horizontal  movements  of  the  air. 
.  he  greatest  speed  of  a  vertical  current  yet  observed  was  dur- 

"K  the  storm  of  November  23,  1890,  when  it  reached  34  meters 
pf  second,  or  about  76  miles  an  hour,  the  speed,  however,  be- 

"g  variable.  The  observations  have  not  been  continued  long 
ough  to  make  it  safe  to  formulate  any  general  rules,  but  M. 
(  ?,^°''  ''ho  has  had  charge  of  the  observations,  notes  the 
wuowing  general  results  : 


1.  Descending  currents  are  less  frequent  than  ascending  cur- 
rents, and  their  speed  is  always  less. 

2.  Every  rapid  and  prolonged  fall  of  the  barometer  is  accom- 
panied by  slTong  ascending  currents,  of  a  speed  of  2  to  4  m.  per 
second,  or  4^  to  9  miles  an  hour.  Under  these  conditions  the 
force  of  the  horizontal  current  is  usually  considerable  and  the  sky 
clouded,  so  that  radiated  or  reflected  heat  from  the  tower  itself 
is  not  likely  to  cause  the  current.  Moreover,  the  same  general 
results  were  obtained  at  night  as  by  day. 

3.  There  is  no  relation  between  the  horizontal  and  vertical 
components  of  the  wind.  During  storms  the  vertical  speed  in- 
creases more  often  during  the  lulls  which  follow  violent  blasts. 

4.  When  the  barometer  rises  after  a  fall,  the  vertical  move- 
ment of  the  air  is  upward  quite  as  often  as  downward. 

5.  Thus  far  the  longest  periods  of  descending  currents  ob- 
served have  been  when  the  barometer  was  rising  rapidly,  or 
during  long  periods  of  high  barometer.  In  the  latter  condition 
there  are  frequently  alternations  of  ascending  and  descending 
currents,  each  lasting  several  hours. 

A  New  Tunnel  under  the  Thames. — If  the  London 
County  Council  follows  the  advice  of  Sir  Benjamin  Baker  we 
shall  have  underneath  the  Thames  at  Blackwall  one  of  the  larg- 
est tunnels  of  its  kind  ever  constructed.  The  plan  is  similar  to 
that  which  has  been  adopted  in  the  construction  of  the  City  & 
South  London  Electric  Railway,  but  whereas  the  tunnels  of  that 
company  are  10  ft.  in  diameter,  the  one  projected  at  Blackwall 
has  an  outside  diameter  of  27  ft.  and  an  inside  of  23  ft.  The 
nearest  approach  to  these  dimensions  are  the  Hudson  River 
Tunnel,  which  is  20  ft.  in  diameter,  and  the  Sarnia  Tunnel, 
which  is  21  ft.  In  September  last  Sit  Benjamin  Baker,  under 
instructions  from  the  County  Council,  visited  these  American 
works,  as  they  present  conditions  somewhat  similar  to  those 
which  exist  at  Blackwall,  in  order  to  judge  of  the  advisability 
of  adopting  the  same  plans.  As  the  result  of  his  personal 
study  on  the  spot,  the  eminent  engineer  has  given  it  as  his 
opinion  that  the  system  is  perfectly  practicable,  and  that  it 
should  be  the  one  adopted. 

Those  who  have  read  descriptions  of  the  South  London 
subway  will  understand  the  nature  of  the  work.  The  tunnel  is 
practically  an  iron  tube  built  up  in  segments,  which  are  firmly 
bolted  together.  The  excavation  of  the  ground  is  effected  by 
means  of  a  shield  with  sharp  cutting  edges,  which  is  advanced 
20  in.  at  a  time  by  means  of  powerful  hydraulic  presses. 
While  the  soil  is  being  taken  out  the  iron  segments  are 
built  up,  and  the  shield  is  then  advanced  another  20  in. 
In  this  way  a  continuous  ring  of  cast  iron  is  formed.  At 
first  the  Hudson  River  Tunnel  was  driven  under  the  bed  of 
the  river  without  a  shield,  but  in  consequence  of  the  inflow  of 
river  mud  and  water,  which  brought  the  works  to  a  standstill, 
.the  shield  was  introduced,  and  the  difficulties  overcome.  In  the 
case  of  the  Sarnia  Tunnel  the  beading  had  at  one  point  to  be 
driven  through  soft  c'ay,  gravel  and  sand,  but  by  means  of  the 
steel  shields  and  compressed  air.  progress  was  made,  although 
at  a  slower  rate  than  when  cutting  through  the  clay.  About 
5  ft.  of  tunnel  per  day  was  what  was  accomplished  in  the  gravel, 
while  about  double  that  amount  was  the  average  in  the  clay. 
It  is  thus  possible  by  this  system  of  driving  to  work  through 
any  sort  of  soil,  as  Mr.  Greaihead  also  proved  when  he  came 
to  gravel,  sand  and  water  in  boring  the  South  London  line. 
At  Blackwall  there  would  be  no  mud,  the  soil  being  clay,  gravel 
and  sand,  so  that  the  conditions  would  be  more  favorable  on 
the  Thames  than  on  the  Hudson.  At  least  8  ft.  of  material  would 
remain  between  the  bottom  ot  the  river  and  the  top  of  the  tunnel. 

Unlike  the  South  London  Tunnel,  it  is  proposed  to  give  the 
one  at  Blackwall  a  lining  of  brick,  which,  with  the  iron,  would 
be  2  ft.  ill  thickness.  Thus,  while  the  outside  diameter  would 
be  27  ft.,  the  inside  would  be  23  ft.  Being  in  a  circle,  the  whole 
of  the  space  would  not  be  available  for  vehicular  traffic,  but 
there  would  be  sufficient  he  ght  for  a  roadway  iS  ft.  broad, 
which  would  be  ample^  for  two  lines  of  vehicles.  Many  very 
busy  streets  in  London  have  less  width,  and  as  there  wil'  be  no 
interruption  from  cross  traffic  the  accommodation  should  be 
ample.  No  path  is  provided  for  foot  passengers,  as  it  would 
be  practically  impossible  in  the  space  at  disposal,  and  the  sug- 
gestion is  made  that  they  should  be  provided  for  either  by  elec- 
tric tramways  or  a  smaller  and  separate  tunnel.  The  Bridge 
Committee  of  the  County  Council,  who  have  the  matter  in  hand, 
are  apparently  proceeding  very  cautiously  in  the  matter.  In 
addition  to  Sir  Benjamin  Baker's  inquiry,  the  Chief  Engineer 
has  drawn  up  a  report  on  the  subject,  and  a  full-size  section  of 
the  tunnel  is  being  prepared  for  the  inspection  of  the  members. 
We  may  expect  in  a  short  time  their  final  decision,  and  if  they 
should  approve  the  plans  we  should  not  have  to  wait  long  for  a 
much-needed  means  of  communication  between  the  north  and 
south  sides  of  the  river, — Pall  Mall  Gazette,  London, 
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A  Long  Tunnel. — The  Centralia  drainage  tunnel,  near 
Ashland,  Pa.,  has  been  praciically  compleled.  It  is  one  of  the 
longest  tunnels  in  the  United  States,  and  was  built  to  drain  a 
number  of  coal-mines  in  the  Centralia  Basin  in  the  anthracite 
region.  The  main  tunnel  is  6,000  ft.  in  length,  and  is  7  x  11 
ft.  in  section.  Extensions  and  branches  to  reach  various  mines 
which  it  is  to  serve  are  about  3,800  ft.  in  length,  making  the 
tunnel  some  g,8oo  ft.  in  all,  to  which  some  further  additions 
will  be  made. 

With  the  completion  of  this  tunnel  a  number  of  the  local 
mines  can  be  extended,  and  it  will  be  possible  to  continue  the 
working  of  the  celebrated  Mammoth  Vein,  on  which  very  little 
has  been  done  for  some  time  past  on  account  of  the  great  ex- 
pense of  pumping. 

An  English  Express  Engine. — The  accompanying  engrav- 
ing shows  engine  No.  580  for  the  London  &  Southwestern  Rail- 
road, which  may  be  taken  as  a  type  of  the  latest  design  of  Eng- 
lish express  engine.  The  general  features,  it  will  be  seen,  are 
those  of  the  American  type,  four  driving-wheels  connected  and 
a  four-wheel  truck,  but  it  differs  from  an  American  engine  in 
having  inside  cylinders  and  a  plate  frame.  It  is  stated  that  in 
this  engine  steel  castings  have  been  used  wherever  possible, 
but    the   coupling  and   connecting  rods  are  of  wrought-iron. 


marve',  the  quick-firing  gun,  which  fires  loo  shots  a  minute,  has 
invented  a   motor  of    100   H.P.,  which   only  weighs   600  lbs 
From  our  own  State  comes  a'still  more  wonderful  fairy  tale 
from  Mount  Carmel  comes  the  information  that  a  gas  mc  \or  ha 
been  invented  which  exerts  100  H.P.,  and  only  weighs  250  lbs 
Now,  remembering  all  the  time  that  the  solution  of  the  prob' 
lem  is  chiefly  dependent  on  a  light  motor,  if  one-half  (jf  t^e 
story  of  Mount  Carmel  be  true,  and  we  can  obtain  50  H.p.  with 
250  lbs.  of  weight,   or  even  if  a  quarter  be  true,  or,  tc  speak 
more  accurately  and  professionally,  if  only  the  square  root  of  it 
be  true,  and  we  can  get  a  motor  of  10  H.P.  weighing  only  250 
Ibs.j  then  an  enormous  step  will  have  been  made  toward  the 
solution  of  the  problem." 

Expanding  Alloy. — An  alloy  that  expands  when  solidifying, 
and  therefore  is  valuable  to  fill  cracks  in  iron  castings,  is,  ac- 
cording to  Revue  Industrielle,  produced  by  fusing  togetht-r  nine 
parts  of  lead,  two  of  antimony  and  one  of  bismuth. 

Aluminum.— At  the  close  of  a  lecture  recently  delivered  be- 
fore the  Franklin  Institute  Mr.  Joseph  W.  Richards,  said: 
"  Six  years  ago  aluminum  sold  for  $12  a  pound,  three  years 
ago  for  ^5,  to-day  it  is  being  sold  in  Epgland  at  $1.50,  and  be- 
fore this  year  is  out  it  will  probably  be  down  to  $1.    Aluminum 


The  cylinders  are  19  x  26  in.;  the  driving-wheels  7  ft.  i  in.  in 
diameter,  and  the  truck-wheels  46  in.  The  boiler  is  52  in.  di 
ameter  of  barrel  and  has  240  tubes  if  in.  in  diameter  and  11  ft. 
4  in.  long.  The  working  pressure  is  175  lbs.  The  grate  area 
is  18  sq.  ft.,  and  the  total  heating  surface  1,368  sq.  ft.  The 
total  length  of  the  engine  and  tender  is  53  ft.  %\  in.,  and  the 
total  wheel-base  is  44  ft.  3  in.  The  driving-wheels  are  spaced  8 
ft.  6  in.  between  centers,  and  the  distance  from  the  center  of 
the  main  driver  to  the  center  of  the  truck  is  10  ft.  9  in  The 
total  weight  of  the  engine  in  working  order  is  109,200  lbs.,  of 
which  42,000  lbs.  are  carried  on  the  truck  and  67,200  lbs.  on  the 
driving-axle. 

In  ordinary  work  these  engines  run  84  miles,  from  Waterloo 
Station.  London,  to  Salisbury,  in  i  hour,  48  minutes,  making 
one  stop,  the  average  train  being  14  coaches.  The  usual  run- 
is  from  London  to  Basingstoke,  48  miles,  in  60  minutes,  and 
from  Basingstoke  to  Salisbury,  36  miles,  in  48  minutes. 

Flight  not  Improbable. — At  the  recent  annual  meeting  of 
the  Western  Society  of  Engineers,  in  an  impromptu  discussion 
of  aeronautics,  Mr.  Chanute,  the  well-known  engineer,  said  : 

"  The  principal  difficulty  hitherto  has  been  the  lack  of  ade- 
quate motive  power  ;  that  is,  the  want  of  a  sufficiently  light 
motor  in  proportion  to  its  energy,  to  accomplish  what  birds 
daily  perform  ;  but  during  the  past  two  months  announcements 
have  come  from  three  different  parts  of  the  world,  that  very 
much  lighter  motors  than  any  now  known  to  exist  are  being 
developed  and  are  being  made  a  partial  success.  From  France 
comes  the  statement  that  Commandant  Renard,  who  has  charge 
of  the  Aeronautical  Department  of  the  French  Army,  and  who, 
as  you  remember,  some  years  ago  accomplished  a  speed  of  14 
miles  an  hour  in  a  navigable  balloon,  with  an  engine  exerting 
9  H.P.,  and  weighing  1.174  Ihs.,  has  now  developed  another 
motor,  from  which  he  obtains  70  H.P.,  with  a  weight  of  but  946 
lbs.,  or  a  weight  of  only  13J.2  lbs.  to  the  hor?e  power. 

"  From  England  comes  the  news  that  Mr.  Maxim,  who  is 
celebrated  as  an  inventor  of  an  electric  light,  and  also  of  that 


was  never  before  sold  as  cheaply  as  it  is  now.     The  prospects 
for  cheaper  aluminum  were  never  more  promising  than  now. 

Cunard  Steamers. — It  is  reported  in  foreign  journals  that 
the  Cunard  Company  has  placed  a  contract  with  the  Fairfield 
Shipbuilding  &  Engineering  Company  for  the  construction  of 
two  new  steamers,  which  will  be  the  largest  of  their  class  ever 
built,  being,  it  is  said,  vessels  of  14,000  tons  each. 

Ventilating  Shaft.— The  North  British  Railway  Company 
contemplates  the  erection  of  a  ventilating  shaft  in  connection 
with  the  Glasgow  Underground  Railroad.  The  railway  authori- 
ties, it  is  said,  would  be  prepared  to  make  the  shaft  of  an  orna- 
mental character.  [Why  would  it  not  be  well  for  the  New 
York  Central  Company  to  entertain  a  similar  idea? — EnnoR.] 

Coal  Production  in  India. — According  to  a  recent  Indian 
statistical  statement,  the  production  of  coal  in  all  India  last 
year  was  2,045,359  tons,  of  which  Bengal  gave  1,641  354  tons, 
the.Central  Provinces  144,465,  Assam  116,676,  and  the  Nizam's 
territory  59.646  tons.  In  1880  the  total  production  was  1,019.- 
793  tons,  almost  wholly  in  Bengal  ;  in  1883  't  was  1,315  OT^ 
tons  ;  in  1886,  1,388,487,  and  in  1888,  1,708,848  tons.  In  iSSo 
the  only  sources  of  supply  were  Bengal  and  the  Central  I'rov- 
inces.  The  alter  yielded  31,928  tons  in  that  year,  against 
144,465  in  1S89.  The  Assam  coal-fields  were  first  worked  in 
1884,  when  they  gave  16,493  tons,  and  116,676  in  1889.  ^oal 
was  first  worked  in  the  Punjab  in  1887,  and  last  year  the 
yield  in  that  province  was  22  835  tons.  The  Central  Indian 
coal-field  was  first  worked  in  1885,  and  in  1S89  it  yielded  5^>.';50 
tons,  while  the  Nizam's  territory,  which  gave  only  3,250  ^""^ 
in  18S7,  gave  59,646  tons  last  year.  On  the  whole,  during  the 
last  decade  the  coal  production  of  India  doubled.  At  the  com- 
mencement of  that  period  the  only  fields  worked  were  those  of 
Bengal  and  the  Central  Provinces  ;  at  the  end  there  were  mines 
in  addition  in  four  other  provinces  and  territories.  In  Bt*"?^ 
the  yield  increased  from  988,565  tons  to  1,641,354,  and  in  tD* 
Central  Provinces  it  increased  nearly  fivefold. 
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NEW  YORK,  JUNE,  1891. 


An  article  whicli  will  be  found  upon  another  page  gives 
a  concise  but  full  account  of  some  careful  tests  of  a  com- 
pound locomotive  made  recently  upon  the  Mexican  Central 
Railroad  under  the  direction  of  Mr.  F.  W.  Johnstone, 
Superintendent  of  Motive  Power  of  that  road.  The  man- 
ner in  which  the  experiments  were  carried  out  is  fully  given, 
and  the  resulting  economy  in  fuel  shown  to  be  very  con- 
siderable. This  is  a  much  more  important  point  on  the 
.Mexican  Central  than  in  many  other  lines,  since  fuel  is  very 
scarce  on  its  line,  is  all  brought  from  a  distance,  and  costs 
the  railroad  on  an  average  as  high  as  ^i\  per  ton. 

The  results  of  these  tests  have  been  so  successful  that 
the  company  has  ordered  six  new  engines,  of  the  type  de- 
signed by  Mr.  Johnstone,  from  the  Rhode  Island  Locomo- 
tive Works,  and  further  proposes  to  alter  some  50  of  its 
old  engines  to  compound  as  fast  as  they  can  be  brought 
into  the  shop. 

The  preliminary  survey  has  been  begun  for  a  water- 
power  canal  which  is  to  take  water  from  the  Niagara  River 
at  Tonawanda,  near  Buffalo,  and  to  run  thence  to  Lock- 
port,  where  the  projectors  expect  to  utilize  the  power  ob- 
tained from  the  fall.  From  Lockport  it  is  to  run  to  Olcott, 
where  an  additional  fall  will  be  obtained  before  the  water 
is  discharged  into  Lake  Ontario.  It  is  expected  that  some 
-50,000  H.P.  can  be  obtained.  The  distance  from  Tona- 
wanda to  Lockport  is  about  15  miles  ;  from  Lockport  to 
<^lcoit,  12  miles. 


Ax  expedition  to  the  North  Pole  by  way  of  the  interior 
of  Greenland  has  been  planned  by  Civil  Engineer  R.  E. 
'cary,  U.  S.  N.,  who  will  undertake  the  trip  with  a  small 
party  provided  with  dog  sledges  of  the  Eskimo  pattern. 
He  b(  lieves  that  in  this  way,  carrying  a  light  load  and 
traveling  rapidly,  he  can  penetrate  further  to  the  north- 
ward than  any  one  has  yet  been  able  to  do. 


i  HE  Interstate  Commerce  Commission  gave  recently  a 
ecisicn  of  considerable  importance  in  the  matter  of  corn- 
Plaint  made  by  the  New  York  &  Northern  Railroad  Com- 


pany against  the  New  York  &  New  England  Company. 
The  complaint  of  the  Northern  was  that  the  New  York  & 
New  England  had  refused  to  unite  with  it  in  making  a 
through  line  to  NewYork,  while  at  the  same  time  it  had  made 
arrangements  by  which  the  through  business  from  its  line 
was  sent  entirely  over  the  Housatonic  Railroad  by  way  of 
Bridgeport  or  Danbury,  in  spite  of  the  fact  that  equal  facili- 
ties, rates,  etc.,  were  offered  by  the  Northern  Road.  The 
Commission  on  the  evidence  and  arguments  has  decided 
that  the  New  York  &  New  England  Company  is  clearly  in 
the  wrong,  and  while  not  actually  holding  that  a  railroad 
company  is  bound  to  establish  a  through  line,  it  does  hold 
that  it  must  give  equal  facilities  to  all  connecting  lines, 
and  that  it  cannot  establish  a  through  line  with  one  and 
not  with  another,  where  both  reach  the  same  point. 

This  decision,  it  will  be  seen,  has  a  wide  application, 
and  if  other  complaints  of  similar  character  are  brought 
under  the  law  may  make  a  great  deal  of  trouble  for  some 
companies. 

Iron  production  for  the  first  time  this  year  shows  a 
slight  increase,  the  figures  collected  by  the  American 
Mamifacturer  giving  231  furnaces  in  blast  with  a  weekly 
capacity  of  116,600  tons.  These  figures  show  no  increase 
in  the  number  of  furnaces,  but  a  gain  of  3.300  tons  in 
weekly  capacity.  As  compared  with  May  i,  1890,  the  de- 
crease is  very  considerable,  the  report  showing  the  num- 
ber of  furnaces  less  by  1 10  and  the  weekly  capacity  dimin- 
ished by  64,200  tons,  a  very  serious  difference.  Part  of 
this  result  has  been  due  to  the  difficulties  in  the  coke 
region,  which  has  forced  several  of  the  large  coke  furnaces 
to  shut  down,  but  the  greater  part  is  the  result  of  the 
diminished  consumption  of  iron  so  far  this  year.  It  is  be- 
lieved, however,  that  the  lowest  point  has  been  reached, 
and  that  from  the  present  time  there  will  be  a  steady  in- 
crease. 


The  problem  of  terminal  facilities  and  connections  in 
Boston  has  given  the  managers  of  the  lines  entering  that 
city  a  great  deal  of  trouble.  The  latest  proposition  made 
for  its  settlement  is  to  connect  the  various  lines  by  tun- 
neling under  the  Charles  River,  the  Fort  Point  Channel 
and  so  much  of  the  main  harbor  as  lies  between  the  city 
proper  and  East  Boston,  thus  avoiding  draw-bridges  and 
all  obstructions  of  the  streets.  The  new  plan  has  already 
caused  much  discussion  and  also  much  opposition,  though 
at  first  sight  it  seems  to  offer  the  best  solution  of  the  ques- 
tion. 


Two  of  the  strongest  advocates  and  believers  in  the 
possibility  of  Aerial  Navigation  have  recently  been  in 
conference— Professor  Langley,  of  the  Smithsonian  Insti- 
tute, who  some  time  since  announced  his  belief  in  the 
theoretical  advantages,  and  Mr.  Maxim,  who  has  spent  a 
large  amount  in  experiments  in  this  direction.  It  is  under- 
stood that  Mr.  Maxim  proposes  to  build  a  new  machine  on 
a  large  scale,  following  his  original  plans  to  some  extent, 
but  modifying  them  to  meet  Professor  Langley's  views. 


The  only  outcome  thus  far  of  the  new  Rapid  Transit 
Commission  in  New  York  has  been  the  presentation  of  a 
plan  for  several  extensions  of  the  Manhattan  Company's 
elevated  lines.  These  include  several  short  sections  in- 
tended to  reach  the  North  River  ferries  and  to  connect  the 
existing  lines,  and  one  long  line  extending  from  the  pres- 
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ent  Sixth  Avenue  road  at  Thirty-third  Street  up  the  west 
side  of  the  city. 

What  action  the  Commission  will  take  on  these  plans  is 
not  known  at  the  time  of  writing  ;  but  it  seems  as  if  it 
could  hardly  be  favorable.  The  tendency  of  the  new  lines 
would  be  to  throw  more  traffic  on  parts  of  the  existing  roads 
which  are  already  overcrowded,  and  not  to  relieve  the 
present  trouble  at  all,  except  by  furnishing  additional 
facilities  to  some  uptown  districts  at  the  expense  of  addi- 
tional delay  and  overcrowding  for  others. 


There  is  also  talk  of  third  tracks  on  the  existing  struc- 
tures, over  which  express  trains  could  be  run.  A  third 
track,  however,  would  not  be  sufficient  for  real  express 
travel,  and  the  so-called  fast  trains  could  not  be  much  im- 
provement upon  the  prejient  service.  Any  elevated  system, 
to  be  ol  real  use  to  the  city,  must  show  substantial  im- 
provements, which  the  Manhattan's  plan  does  not  promise. 


The  present  elevated  railroads  were  a  great  improve- 
ment on  the  horse  cars  ;  but  a  system  whose  maximum 
speed  does  not  exceed  12  miles  an  hour,  and  whose  average 
is  nearer  7  or  8  miles,  does  not  give  real  rapid  transit,  and 
that  is  what  the  city  needs. 

Moreover,  while  the  executive  management  of  the  ele- 
vated roads  has  been  good  up  to  a  certain  point,  and  acci- 
dents have  been  rare,  there  is  a  wide-spread  public  dislike 
to  the  general  management,  which  it  has  certainly  de- 
served by  its  apparent  disregard  of  public  convenience, 
and  its  scarcely  concealed  contempt  for  public  opinion. 
Any  new  grants  to  the  Manhattan  Company  will  be  re- 
garded with  suspicion  and  resisted  in  every  possible  way. 


A  TEST  was  made  of  the  range  and  accuracy  of  the  dyna- 
mite guns  of  the  Vesuvius  in  Hampton  Roads,  May  19. 
The  ship  was  started  at  an  early  hour  in  the  morning,  and 
after  firing  a  number  of  test  shots  in  order  to  find  the 
ranges,  a  final  test  was  made  by  firing  nine  dummy  or  un- 
loaded shells,  six  from  one  of  the  guns  and  three  from  an- 
other, the  range  varying  from  one-half  mile  to  a  mile, 
v?hile  some  of  the  shots  were  fired  with  the  ship  nearly  at 
rest,  and  others  when  it  was  running  at  full  speed.  The 
accuracy  was  fairly  good,  most  of  the  shots  striking  within 
20  or  30  yards  of  the  mark,  the  average  being  about  20 
yards,  while  several  struck  the  target  directly.  It  was 
estimated  by  the  experts  present  that,  had  they  been  fired 
at  a  large  vessel,  nearly  every  one  of  them  would  have 
struck  some  part  of  the  ship  or  so  near  as  to  do  it  serious 
injury.  It  is  understood  that,  as  far  as  the  range  and  the 
handling  of  the  ship  was  concerned,  the  tests  were  fairly 
satisfactory.  Further  tests  were  made  on  the  following 
day,  with  very  similar  results. 

^  It  is  very  noticeable,  however,  that  in  all  the  tests  made 
of  the  Vesuvius  so  far  only  dummy  shells  have  been  used. 
Why  cannot  a  fair  trial  be  made  with  loaded  shells  and 
with  some  more  satisfactory  target  than  a  buoy  ?  Then  a 
fair  estimate  could  be  formed  of  the  offensive  powers  of 
the  new  cruiser. 

The  fight  between  the  Charleston  and  the  Esmeralda — 
should  one  take  place — will  be  an  interesting  test  of 
strength  and  skill,  and  may  serve  to  controvert  or  estab- 
lish some  theories  of  naval  construction.  Meantime  the 
Charleston  has  made  a  very  good  showing  for  speed  at 
seau 


AMERICAN  LOCOMOTIVES. 


The  Engineer  of  April  24  contains  another  article  on 
this  subject,  in  which  the  editor  seems  to  have  a  confused 
idea  that  the  Strong  locomotive  represents  American  prac. 
tice,  and  that  i»Ir.  Le  Van  is  a  representative  American 
engineer.  Now  the  Strong  locomotive  is  a  very  ingen- 
iously constructed  machine,  and  it  may  be  better  or  it  may 
not  be  as  good  as  the  locomotives  in  ordinary  use  in  this 
country,  but  it  no  more  represents  the  practice  htrt 
than  the  Fairly  locomotives  on  the  Festiniog  Rail. 
road  of  Wales — with  which  The  Engineer  at  one  time  was 
so  much  infatuated — represents  British  practice.  Perhaps 
if  our  contemporary  should  read  a  reference  to  Mr.  Le 
Van  in  our  issue  of  last  month  he  would  not  be  quoted 
seriously  hereafter. 

Is  it,  we  ask,  ingenuous  in  our  contemporary  to  speak 
of  the  Strong  locomotive  as  an  "  intensely  American 
product,"  and  say  that  it  "  has  always  been  talked  of  as 
superior  to  any  other  in  existence,"  and  to  pretend  that  it 
is  a  representative  of  American  practice  ?  The  Strong 
locomotive  is  an  experiment,  and  much  ingenuity  was 
shown  in  its  design  ;  but  in  its  present  stage  of  develop- 
ment there  is  not  a  locomotive  superintendent  in  the  coun- 
try  who  would  recommend  its  adoption  for  general  use; 
and  it  is  safe  to  say  that  the  editor  of  The  Engineer  knows 
of  its  experimental  character. 

He  is  silent,  however,  about  the  maximum  combustion 
of  coal  in  English  and  American  locomotives,  to  which 
reference  was  again  made  in  our  May  number.  Surely 
the  capacity  of  locomotives  to  burn  large  quantities  of 
coal,  when  it  is  of  a  poor  quality,  is  important  in  coun- 
tries where  coal  is  not  good. 


TRAFFIC    AND    SHIPPING    ON    THE   GREAT 

LAKES. 


That  the  traffic  on  the  Great  Lakes  is  very  large,  every 
one  knows  in  a  general  way,  but  its  great  importance  is 
not  fully  appreciated  until  we  meet  with  some  definite 
figures,  such  as  are  contained  in  one  of  the  latest  bulletins 
issued  by  the  Census  Bureau.  According  to  this  report 
the  cargo  tonnage  on  the  lakes  for  the  season  of  1889  was 
27,460,200  tons,  and  as  the  average  voyage  was  566  miles, 
the  total  ton-mileage  was  approximately  15,578,360,000 
ton-miles.  This  was  equal  to  nearly  23  per  cent,  of  the 
total  ton-mileage  reported  by  all  the  railroads  of  the  United 
States  last  year. 

It  is  interesting  to  know  the  sources  of  this  traffic. 
From  the  report  it  appears  that  54.2  per  cent,  of  the  ton- 
nage consisted  of  products  of  mines  and  quarries — chietly 
iron  ore  and  coal  ;  23.8  per  cent,  was  lumber  ;  16.5  per 
cent,  products  of  agriculture,  and  only  5.5  per  cent,  general 
freight.  Three  articles— coal,  iron  ore  and  lumber— fur- 
nish 75  per  cent,  of  the  lake  freight.  Coal  was  the  largest 
item — 7,677,107  tons,  or  28  per  cent,  of  the  total  tonnage. 

It  is  to  be  expected  that  the  water  route  will  take  the 
larger  share  of  cheap  and  bulky  articles,  on  which  the  freight 
charges  form  a  large  proportion  of  the  cost,  and  that  all, 
or  nearly  all,  of  these  classes  of  freight  should  take  that 
route.  The  lake  steamers,  however,  do  much  more  than 
this  ;  while  they  take  a  comparatively  small  share  of  the 
grain  and  other  higher  priced  freight,  they  really  regelate 
and  control  the  rates  on  all  of  this  traffic.  As  long  as  the 
water  lines  are  active  competitors  for  the  business,  all  rates 
must  be  made  with  reference  to  them,  and  they  are  a  prin- 
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ioal  factor,  if  not  the  leading  factor,  in  fixing  the  trans- 
nortation  charges.  In  this  way  their  importance  extends 
beyond  the  actual  share  of  the  traffic  which  they  obtain. 

As  showing  the  proportion  of  the  total  freight  traffic 
which  originates  on  or  goes  to  the  different  lakes,  it  is  of 
interest  to  note  that  the  tonnage  of  freight  passed  through 
the  Sault  Ste.  Marie  Canal  was  8,288,580  tons,  while  that 
passing  through  the  Detroit  River  was  19,717,860  tons. 
That  is.  about  30  per  cent,  of  the  total  lake  tonnage  was 
carrie'i  from  or  to  Lake  Superior  ports,  while  41;^  per 
cent,  went  to  or  from  the  ports  on  Lake  Michigan  and  Lake 
Huron.  This,  of  course,  omits  all  account  of  commerce 
between  ports  on  the  same  lake,  which  is  a  considerable 
item  on  Lake  Michigan,  but  not  very  large  on  Lake  Supe- 
rior. Over  53  per  cent,  of  the  Lake  Superior  traffic  is  in 
iron  ore,  most  of  which  goes  through  the  Detroit  River 
also,  and  is  delivered  at  the  Lake  Erie  ports.  It  is  to  be 
noted  that  these  reports  do  not  include  the  trade  to  or  from 
Canadian  ports. 

It  is  interesting  to  see  in  what  kind  of  vessels  this  great 
traffic  is  carried.  The  evolution  of  the  lake  carrier  has 
proceeded  very  rapidly  during  the  past  few  years.  The 
sailing  vessel  has  given  place  to  the  steamer,  and  the 
wooden  ship  to  iron  and  steel.  The  typical  lake  steamer 
is  now  of  steel,  arranged  to  carry  the  largest  possible  cargo 
on  a  moderate  draft  ;  propelled  by  engines  of  the  latest 
type,  proportioned  for  the  highest  speed  possible  with  a 
moderate  coal  consumption,  and  provided  with  appliances 
for  quick  loading  and  unloading  of  freight.  Great  speed 
is  not  aimed  at  ;  but  as  the  number  of  trips  which  can  be 
made  in  a  season  is  an  important  element,  some  study  has 
been  given  to  determining  the  point  at  which  the  increased 
fuel  consumption  will  overbalance  the  gain  from  shorter 
and  more  frequent  trips. 

The  Census  bulletin  on  this  subject  gives  figures  for  five 
years  past  ;  and  a  comparison  between  those  for  1886  and 
1890  will  be  interesting,  as  showing  the  changes  in  that 
period  : 


-1890- 


-1S86- 


Stkamers:  No.  Tonnage.  No.  Tonnage. 

Side-wheel 42  16,949  43         14,150 

Propellers  under  i,oco  tons 431  154,232  335      177,402 

I'ropellers  between  1,000  and  1,500  tons.  122  151,611  72         86,728 

Propellers  over  1,500  tons...,. „.i no  188,390  21         34,868 

^"2" ....; 448  12,520  466         11,737 


Total  steamers 1,153  523.702  937  324,885 

Saii.ixi;  Vessels  : 

^'*"'°"«" 577  158,620  730  183,79a 

'^''"" ,.....,»,., 32s  144,038  330  125,975 


Total,  sailing  vessels 902        302,6581,060      309,767 

Total,  all  vessels ..'...;. .8,055        826,360  1,997      634,652 

Thus,  while  the  increase  in  total  tonnage  has  been  30 
per  cent.,  that  in  steam  tonnage  has  been  61  per  cent. 
Moreover,  it  is  hardly  fair  to  call  barges  sailing  vessels, 
since  they  depend  upon  tugs  or  consort  steamers  for  their 
niotive  power.  The  real  sail  tonnage— the  schooners— has 
decreased  21  per  cent,  in  number,  and  14  per  cent,  in  total 
tonnage. 

ihe  increase  in  average  size  of  steamers  is  notable. 

'^regarding  the  tugs,  which  of  course  are  not  built  to 
carry  cargo,  and  the  side-wheel  steamers,  which  are  chiefly 
'"  passenger  service,  or  carry  only  local  freight  to  shore 
ports,  the  propellers  show  an  increase  of  55  per  cent,  in 

^niber,  and  of  65  per  cent,  in  tonnage  ;  that  is,  the  average 


tonnage  has  increased  from  698  to  745,  a  gain  of  7  per 
cent.  The  great  increase  has  been  in  steamers  of  over 
1,000  tons.  Even  so  recently  as  five  years  ago,  steamers 
over  1,500  tons  were  so  rare  as  to  be  notable  ;  now  they 
are  too  common  to  excite  remark.  The  increase  in  size  as 
well  as  number  is  great ;  the  average  tonnage  of  pro- 
pellers over  1,000  tons  in  1890  was  1,468  tons  against  1,307 
tons  in  1886. 

The  change  in  ship-building  material  is  considerable 
also,  and  can  best  be  shown  by  a  brief  table,  which  in- 
cludes all  vessels,  steam  and  sail  : 


Matkriai..  .:•"■>.'•. 


Steel 
Iron. 
Composite 13 


Wood. 
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No. 

Tonnage. 

No. 

Toniiage 

68 

99.457 

6 

6.459 

39 

24.673 

35 

22,714 

«3 

13.554 

a 

63 

.935 

688,676 

1.954 

605,416 

Total. 
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.•*.«*....2,oS5   826,360   1,997   634,653 


Wood  will,  of  course,  continue  in  use  for  many  of  the 
smaller  vessels  ;  but  steel  is  the  structural  material  for  the 
large  carriers,  and  that  its  use  will  continue  to  increase 
there  is  little  doubt. 

Lake  ship-building  has  reached  its  present  development 
under  peculiar  conditions,  and  to  meet  the  demands  of  a 
peculiar  trade.  It  is  none  the  less  an  excellent  develop- 
ment ;  and  our  sea-coast  builders  may  perhaps  learn  some 
useful  lessons  from  their  brethren  of  the  inland  waters. 


THE  PANAMA  CANAL. 


The  French  papers  have  recently  published  an  official 
report  from  Lieutenant  N.  B.  Wyse,  who  has  been  in 
Panama  as  representative  of  the  Official  Liquidator,  or  re- 
ceiver, of  the  Panama  Canal  Company.  In  his  negotiations 
with  the  Government  he  has  been  fairly  successful,  having 
made  an  agreement  extending  the  canal  concession  for  10 
years,  the  conditions  being  made,  however,  that  the  new 
company  should  be  organized  and  have  capital  sufficient 
to  begin  work  in  February,  1893,  and  that  the  property 
must  be  protected  in  the  mean  time. 

In  connection  with  this  report  Lieutenant  Wyse  submits 
an  elaborate  plan  for  the  completion  of  the  canal,  which  is 
based  upon  studies  made  under  his  directions,  by  MM.  Jac- 
quemin  and  de  Soza,  Engineers.  This  plan  provides  for  the 
construction  or  rather  the  completion  of  the  canal  with  six 
locks,  and  for  the  formation  of  an  interior  lake  by  the  con- 
struction of  a  dam  across  the  valley  of  the  Chagres  at 
Bohio  Soldado,  and  another  across  the  valley  of  the  Rio 
Grande  at  Pedro  Miguel.  The  level  of  this  lake  would  be 
about  30  m.  above  the  average  level  of  the  Atlantic  at 
Colon.  Proceeding  from  the  Atlantic  end  of  the  Canal  the 
first  or  maritime  level  would  extend  a  distance  of  22.50 
km.  to  the  first  lock.  This  lock  would  have  10  m.  lift,  and 
so  give  admission  to  a  short  level  1.15  km.  in  length,  at 
the  end  of  which  two  locks,  each  of  10  m.  lift,  would  raise 
ships  to  the  level  of  the  artificial  lake  at  Bohio  Soldado. 
The  summit  level  would  extend  34.70  km.  to  the  dam  at 
Pedro  Miguel  through  the  artificial  lake  above  mentioned, 
and  at  the  latter  place  two  locks,  each  of  10  m.  lift,  would 
lower  vessels  to  the  second  short  level,  2.25  km.  in 
length,  from  which  a  final  lock  would  lower  them  to  the 
maritime  canal  on  the  Pacific  end,  which  is  about  13  km. 
in  length.  Possibly  a  tide  lock  may  be  needed  in  addition 
at  Panama. 
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The  advantages  of  this  plan  are  carefully  set  forth  in 
the  report.  The  creation  of  the  central  lake  would  largely 
reduce  the  amount  of  excavation  required,  and  would  fur- 
nish a  long  stretch  of  easy  navigation,  while  at  the  same 
time  it  would  serve  to  equalize  and  to  distribute  the  Hood 
waters  of  the  Chagres,  which  have  been  so  serious  an  ob- 
stacle to  the  completion  of  the  canal  on  its  original  plan. 
Moreover,  the  dams  required  would  not  be  of  excessive 
size,  nor  especially  difficult  of  construction,  while  by  these 
plans  the  building  of  the  great  dam  at  Gamboa  and 
the  works  for  the  diverting  the  Chagres  would  be 
entirely  avoided  ;  and  as  stated  above,  the  amount  of 
excavation  required  would  be  very  much  reduced.  The 
accompanying  sketch  gives  a  profile  of  the  canqj  as  com- 
pleted on  the  proposed  plan,  and  also  shows  the  amount 
of  work  which  will  still   be  required,  the  heavily  shaded 


inland  waters  which  was  passed  by  the  Massachusetts  Legis. 
lature  in  1886,  and  amended  two  years  later.  Under  its  provi- 
sions  the  Board  of  Health  undertook  a  careful  examination 
not  only  of  the  condition  of  the  water  supply  actually  drawn 
upon  by  the  cities  of  the  Commonwealth,  but  also  of  the  possj. 
ble  supplies,  especially  of  those  which  are  sure  to  be  soon 
brought  in  use  in  consequence  of  the  rapid  growth  of  city  popu- 
lation  in  the  Slate.  The  report,  after  a  short  introduction, 
gives  a  list  and  brief  description  of  the  water  supplies  of  the 
cities  and  towns  having  water  works  of  more  or  less  impor- 
tance, accompanied  by  chemical  and  biological  examinations  o( 
the  present  sources  of  supply  and  a  description  of  the  river 
basins.  The  second  part  includes  a  chemical  examination  of 
the  waters,  with  the  methods  of  analysis  and  their  interpreta- 
tion, which  is  the  work  of  Dr.  Drown,  Chemist  of  the  Board ; 
which  is  followed  by  a  report  upon  Organisms  found  in  the 
waters.     A  summary  of  water  supply  statistics,  giving  records 
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portions  showing  the  excavation  still  to  be  done,  while  the 
lightly  shaded  sections  show  that  which  has  been  already 
excavated. 

The  great  obstacle,  in  the  opinion  of  the  engineers  who 
made  the  investigation,  still  remains  the  excavation  at 
Culebra,  but  they  believe  that  the  time  could  be  shortened 
and  the  expense  decreased  by  a  system  of  tunnels  and  the 
transportation  of  the  debris  by  water.  As  to  the  supply 
of  water  necessary  for  lockage,  there  is  no  question  that  it 
will  be  sufficient. 

The  estimated  cost  of  the  completion  of  the  canal  on 
this  plan,  as  given  by  the  report,  is  120,000,000  francs, 
which,  even  accepting  all  the  statements  made,  seems  to 
be  a  very  low  one.  Even  should  it  be  correct,  under  the 
present  condition  of  affairs  the  company  will  have  consid- 
erable difficulty  in  raising  this  amount.  The  new  securi- 
ties could  only  be  placed  at  large  discount,  and  by  the 
admission  of  the  liquidator  no  interest  could  be  paid  dur- 
ing the  construction,  while  the  holders  of  the  old  securities 
must  postpone  all  hope  of  return  until  10  years  after 
the  completion  of  the  canal.  It  will  also  be  necessary  to 
raise  a  considerable  amount  to  take  care  of  and  preserve 
the  property  on  the  Isthmus,  and  the  liquidator  has  ivo 
means  in  hand  for  that  purpose. 

Even  taking  the    Erench  view  of  the  case— which  is 

naturally  a  sanguine  one— the  prospects  of  the  canal  are 

by  no  means  favorable  ;  and  the  probability  is  that  the  vast 

sums   already  spent  will  be  entirely  lost.     The  success 

which   has  so  far  attended  the  work  on  the  Nicaragua 

Canal  is  another  discouraging  element  for  the   Panama 

Company. 

♦ 

NEW  PUBLICATIONS. 


Examinations  BY  THE  Spate  Board  of  Health  of  tjje  Water 
Supplies  and  Inland  Waters  of  Massachusetts  ;  Pari 
I,  Tht  Report  on  Water  Supply  and  Seweraf^e.  Boston;  State 
Printers. 

This  report  is  the  outcome  of  the  act  to  protect  the  purity  of 


of  rainfall,  flow  of  streams,  etc.,  is  supplied  by  Mr.  F.  P. 
Stearns,  Chief  Engineer  of  the  Board,  who  also  contributes  a 
chapter  on  the  Pollution  of  Streams  by  Sewerage  and  their 
Purification.  The  remaining  chapters  are  devoted  to  a  classifi- 
cation of  the  drinking  waters  of  the  State  and  to  some  special 
topics,  such  as  filtration  and  the  effect  of  storage  upon  water, 
especially  in  large  and  deep  ponds.  The  report  is  accompanied 
by  two  maps,  one  showing  the  location  of  the  diflfereni  water- 
sheds and  the  other  the  comparative  amount  of  chlorine  found 
in  the  different  streams. 

Few  public  documents  can  be  found  which  are  of  more  value 
than  this,  antf  few  works  can  be  undertaken  which  are  of  greater 
importance  to  the  community  than  the  careful  examination  of 
water  supplies  which  has  been  undertaken  by  the  Massachusetts 
Board,  and  which  we  believe  has  not  been  carried  out,  at  least 
with  attempt  of  thoroughness,  in  any  other  State,  although  it 
deserves  imitations  everywhere. 


Professional  Papers  of  the  Corps  of  Royal  Engineers  ; 

edited  by  Captain  W.  A.  Gale,   R.E.  Chatham,  England; 

published  for  the  Royal  Engineers'  Institute. 
The  papers  of  the  Royal  Engineers,  although  many  of  them 
are  of  entirely  technical  military  interest,  include  some  of  gen- 
eral value.  The  present  volume  is  of  more  general  interest 
perhaps  than  most  of  those  in  the  series,  since  it  includes  an 
elaborate  paper  on  Subaqueous  Foundations,  by  Mr.  V^  •  R- 
Kinipple,  portions  of  which  have  been  published  in  some  of  the 
English  engineering  papers  ;  but  it  is  here  given  in  full  with 
all  the  drawings  and  diagrams.  Another  paper  which  may  be 
said  to  have  considerable  interest  to  engineers  is  one  by  Major 
R.  H.  Brown,  which  describes  the  methods  employed  in  keep- 
ing certain  Indian  rivers  open  to  navigation  during  the  season 
of  low  water.  The  methods  there  employed,  however,  seem  to 
have  been  in  many  respects  similar  to  those  on  our  Western 
rivers  ;  the  use  of  dikes,  mattresses,  and  other  devices  for 
directing  the  current  and  from  preventing  shifting  in  the  chan- 
nel, or  upon  occasion  for  partly  closing  the  channel  and  direct- 
ing the  entire  flow  of  water  through  one  portion  of  the  river- 
bed, having  a  strong  family  likeness  to  those  adopted  by  our 
own  engineers  on  the  Mississippi  and  its  tributaries. 
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Among  the  more  technical  articles  is  one  on  Field  Artillery, 

,  ,  General  Brackenbury  ;  on  the  duties  of  Field  Engineers, 

nd  on  Ships  versus  Forts.     The  last  named  is  a  long  and  care- 

f  illv  written  paper,  and  many  of  its  conclusions  are  based  upon 

the  experience  gained  during  our  own  civil  war. 
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dler, Lanza,  Sivain,  and  Woodbridge.  Boston  ;  reprinted  from 
the  Proceedings  of  the  Society  of  Arts. 

Ninth  Annual  Catalogue  of  the  Rose  Polytechnic  Institute, 
■with  the  Course  of  Study.  Terre  Haute,  Ind.  ;  printed  for  the 
Institute. 

A  Treatise  upon  the  Ordinaty  Draft  Appliances  of  a  Locomo- 
tive Boiler  as  Superseded  by  More  Rational  Means  :  by  II.  A. 
Luttgens.  Persons  interested  in  this  subject  can  obtain  copies 
of  this  little  book  by  writing  to  Mr.  Luttgens  at  Paterson,  N.  J. 

The  Q.  &*  C.  Company's  Illustrated  Catalogue  of  Railroad 
Specialties,  Chicago.  This  includes  illustrated  descriptions  of 
car  doors  of  different  patterns  ;  tie-plates  and  locking  spikes  ; 
the  globe  ventilator  ;  car  replacers  or  wrecking  frogs,  and  the 
auiomatic  brake-adjuster. 


ABOUT  BOOKS  AND  PERIODICALS. 


TuK  Journal  of  the  Military  Service  Institution  for  May  has 
atiiclcs  on  Cavalry  in  Virginia  during  the  War,  by  Colonel 
Crowninshield  ;  Theory  of  Drift  of  Rifled  Projectiles,  by  Lieu- 
tenant Whistler  ;  Artillery  Difficulties  in  the  Next  War.  by  Cap- 
tain Chester  ;  the  Recent  Indian  Craze,  by  Captain  Dougherty  ; 
the  New  German  Rifle  and  Fire  Regulations,  by  Lieutenant 
'Tost ;  and  a  very  interesting  historical  paper  on  the  Red  River 
Dam,  by  General  James  H.  Wilson. 

The  steamship  article  in  Scribner's  Magazine  for  June  is 

on  Safety  on  the  Atlantic.     Colonel  John  C.  Ropes  speaks,  in 

another  paper,  on  the  important  part  played  by  steam  and  elec- 

'■'ciiy  in  the  late  war.     An  interesting  feature  of  this  number  is 

some  remarkable  photographs  of    luminous  objects,  taken  by 

^"  own  light,  and  reproduced  by  mechanicafprocesses  directly 
from  the  original  negatives. 


The  fifth  paper  in  the  series  on  American  Industries  in  the 
Popular  Science  Monthly  will  appear  in  the  June  number, 
and  is  on  the  Manufacture  of  Wool.  Another  article  of  interest 
is  on  the  great  progress  in  sanitation,  which  has  almost  doubled 
the  average  length  of  life  in  civilized  countries. 

The  South  American  article  in  Harper's  Magazine  for  June 
is  an  account  of  a  voyage  up  the  Parana,  from  Buenos  Ayres 
to  Concepcion.  This  number  has  the  first  of  a  series  of  articles 
on  London,  and  the  second  of  Colonel  Dodge's  papers  on 
American  Riders.  The  other  articles  include  a  variety  of  in- 
teresting papers. 

In  the  February  number  of  SciENTl.^i  Baccalaureus,  pub- 
lished by  the  Senior  Class  of  the  Missouri  School  of  Mines, 
there  are  original  articles  on  the  Expansion  of  the  Sine  and 
Cosine  ;  on  the  Prismoidal  Formula  ;  on  Stadia  Measuring  and 
on  the  Transit  of  Mercury.  There  is  also  a  translation  of 
Lobatschewsky's  Theory  of  Parallels. 

In  the  Eclectic  for  May  are  found  articles  on  Copyright, 
from  the  Contemporary  Review ;  on  Silver,  from  the  New  Re- 
view ;  on  the  Seal  Islands  of  Bering's  Sea,  from  Murray's 
Magazine,  and  a  number  of  general  interest,  from  the  best 
foreign  periodicals. 

The  Wheat  Supply  of  Europe  and  America  is  discussed  by 
C.  Wood  Davis  in  the  Arena  for  May.  Dr.  Blum  has  an  arti- 
cle on  Russia,  and  F.  L.  King  an  account  of  an  Interesting 
Social  Experiment.  This  includes  only  the  papers  of  special 
interest ;  the  general  reader  will  find  a  number  of  others  well 
worth  careful  reading. 

TJae  latest  number  of  the  National  Geographic  Magazine 
gives  the  annual  reports  on  the  Geography  of  the  Land,  by 
Vice-President  Herbert  G.  Ogden,  of  the  Natiomal  Geographic 
Society,  and  on  the  Geography  of  the  Air,  by  Vice-President 
A.  W.  Greely. 

In  recent  numbers  of  Harper's  Weekly  there  have  been 
given  two  very  interesting  series  of  illustrated  articles,  one  on 
the  buildings  for  the  Columbian  Exhibition  in  Chicago,  and  the 
other  on  Australia.  The  views  of  the  Exhibition  buildings  are 
from  the  Architect's  plans. 

The  April  number  of  the  Stevens  Indicator  gives  a  lecture 
on  Drawing-Room  Practice,  by  Professor  Coleman  Sellers,  and 
a  number  of  articles  of  special  technical  interest. 

The  illustrated  article  in  the  Overland  Monthly  for  May  is 
a  continuation  of  the  paper  on  Dairying  in  California.  The 
statistics  given  on  butter  and  cheese-making  will  be  a  surprise 
to  most  Eastern  readers.  In  May  also  is  begun  a  series  of  his- 
torical papers  describing,  from  original  documents,  some  of  the 
intrigues  which  connected  California  with  the  French  occupa- 
tion of  Mexico. 

In  Outing  for  May  Captain  King's  appreciative  account  of 
the  Wisconsin  National  Guard  is  concluded.  The  signs  of  ap- 
proaching vacation  time  are  visible  in  this  number,  making  it 
at  once  a  tempting  and  a  trying  one  to  the  worker,  whose  own 
holiday  is  so  short  usually  that  he  wants  to  use  it  to  the  best 
advantage. 

Chief  among  the  more  serious  articles  in  Belford's  Maga- 
zine for  May  is  a  carefully  written  paper  on  the  Future  of  Our 
Agriculture,  by  James  K.  Reeve.  Mr.  J.  L.  J.  Gage  discusses 
the  question,  What  is  Money  ?  in  another  article.  The  num- 
ber is  an  unusually  good  one,  containing  several  bright  aiticies 
oL  a  lighter  character. 

A  new  candidate  for  public  favor  is  the  Engineering  Maga- 
zine, as  it  is  called  in  the  May  number:  the  first  number  ap- 
peared in  April  under  the  title  of  Engineering.  It  has  140 
pages  about  the  size  of  the  Popular  Science^  Monthly,  and 
contains  a  number  of  articles  by  different  authors.    The  May 
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contents  include  Ancient  and  Modern  Water  Wheels  ;  Epi- 
demics and  Water  Pollution  :  Danger  Signals  about  the  Boiler  ; 
the  Rapid  Transit  Problem  in  New  York  ;  Building  the  Steam- 
ship in  America  ;  Tall  Office  Buildings  ;  Old-Fogy  Methods  of 
Reckoning  Time  ;  Electric  Railways  ;  Railroad  Building  in 
Hawaii,  and  a  condensed  summary  of  engineering  news. 

Among  the  new  books  in  preparation  by  John  Wiley  &  Sons, 
New  York,  is  one  on  Car  Lubric.wion,  by  W.  E.  Hall,  of  the 
Pennsylvania  Railroad,  which  ought  to  be  of  interest. 


A     TWELVE  WHEEL     NARROW-GAUGE     LOCO- 
MOTIVE. 


The  accompanying  illustration,  which  is  taken  from  a 
photograph,  shows  a  locomotive  of  3  ft.  gauge,  built  at 
the  Schenectady  Locomotive  Works,  and  recently  com- 
pleted. The  engine,  it  will  be  seen,  is  of  the  twelve-wheel 
pattern,  having  eight  driving-wheels  n  in.  in  diameter, 
and  a  four-wheel  truck,  the  truck  wheels  being  22  in.  in 
diameter.  The  driving-axle  journals  are  6  x  7  in.  in  size, 
and  the  truck-axle  4  X  6  in.  The  driving-wheel  base  is 
10  ft.  2  in.,  and  the  total  wheel  base  18  ft.,  the  rigid  wheel 
base  being  6  ft.  11  in. 

The  boiler  of  this  engine  is  of  the  wagon-top  pattern, 
and  52  in.  in  diameter  of  barrel  ;  it  is  made  of  ,V,-in.  steel, 
the  circumferential  seams  being  double  riveted  and  the 
horizontal  seams  quadruple  riveted  with  a  welt-strip  inside. 
The  boiler  has  160  tubes  of  2  in.  outside  diameter  and  10 
ft.  6  in.  in  length.  The  fire-box  is  84;^  in.  in  length  and 
24J  in.  in  width  ;  43i  in.  deep  in  front  and  40],  in.  at  the 
back.  The  water  spaces  around  the  fire-box  are  4  in.  wide 
in  front  and  1],  in.  at  the  side  and  back.  The  crown-sheet 
is  stayed  by  crown-bars  in  the  usual  manner.  The  grate 
surface  is  14.4  sq.  ft.  The  heating  surface  is  :  Fire-box, 
90  sq.  ft.  ;  tubes,  872.6  sq.  ft.  ;  total,  962.6  sq.  ft.  The 
inside  diameter  of  the  stack  is  14  in. 

The  cylinders  are  16  in.  in  diameter  and  20  in.  stroke  ; 
the  steam  ports  are  14  xij  in.,  and  the  exhaust  ports 
14  X  2j^  in.  The  Richardson  balanced  slide  valve  is  used, 
its  greatest  travel  being  i\  in.  The  valves  have  J  in.  out- 
side lap,  3V  in.  inside  lap,  and  the  lead  in  full  stroke 
is  j|  in.  The  exhaust  nozzles  are  double  and  ^\  in.  in 
diameter. 

The  engine  is  expected  to  use  a  working  pressure  of  160 
lbs.,  and  will  be  employed  in  heavy  work  on  a  mountain 
grade.  The  total  weight  in  working  order  is  72,000  lbs., 
of  which  60,000  lbs.  are  carried  on  the  driving-wheels  and 
12,000  lbs.  on  the  truck. 

The  tender  is  carried  on  two  four-wheel  trucks,  and 
weighs  22,800  lbs.  empty.  The  tank  has  a  water  capacity 
of  2,100  galls.,  and  the  coal-box  will  contain  313  tons  of 
coal.  The  truck-wheels  are  26  in.  in  diameter,  and  the 
truck  axles  have  31^  x  6  in.  journals.  The  truck-wheels 
are  spaced  4  ft.  between  centers  and  the  total  wheel  base 
is  13  ft.  51^  in.  The  tender  frame  is  of  angle  iron  ;  the 
truck  frames  are  of  channel  iron  with  wood  bolsters,  hav- 
ing center  bearings  on  both  trucks  with  additional  side 
bearings  on  the  back  truck.  The  total  wheel-base  of  en- 
gine and  tender  is  39  ft.  9]  in.  and  the  total  length  of  en- 
gine and  tender  over  all  is  47  ft.  8  in. 

This  is,  we  believe,  the  first  engine  of  the  twelve-wheel 
pattern  ever  constructed  for  a  narrow-gauge  road.  The 
twelve-wheel  pattern  is  growing  steadily  in  favor,  and  the 
builders  state  that  they  have  a  number  of  engines  of  that 
type  at  work  on  mountain  roads  and  heavy  grades  which 
are  reported  as  giving  better  satisfaction  in  service  than 
the  ordinary  consolidation  pattern. 


THE  MAPPING  OF  THE  WORLD. 


(From  GolJtInvaite's  Geographical  Magazine.) 


There  are  maps  without  number,  but  many  of  them 
unfortunately  'are  far  from  perfect.  A  great  many  maps 
are  necessarily  inaccurate    on    account   of    the  meagre 


knowledge  we  have  of  large  parts  of  the  world.  Thus  It 
happens  that  the  best  maps  we  have  of  many  large  regions 
are  very  poor.  The  best  maps,  because  the  completest 
and  most  accurate,  are  detailed  topographical  survey 
maps.  They  may  be  called  "  parent  maps,"  because  it 
is  from  them  that  all  smaller  maps  are  made  where  thev 
are  accessible.  These  detailed  topographical  surveys  are 
the  result  of  exact  trigonometrical  work,  and  are  carried 
on  at  large  expense  by  various  governments.  Another 
class  of  maps  which  may  be  called  topographical  maps 
are  excellent,  but  are  the  result  of  general  and  not  detailed 
surveys.  Then  there  are  detailed  geographical  maps, 
which  serve  a  useful  purpose  where  better  cannot  be  ob' 
tained.  They  are  compiled  from  numerous  observations 
and  itineraries,  and  are  fairly  accurate  throughout.  Maps 
of  a  less  degree  of  accuracy  and  value  are  those  in  which 
the  information  is  only  approximate  or  hypothetical,  and 
which  are  sketched  from  single  itineraries  and  reports. 
Our  mapping  of  the  greater  part  of  Africa  is  of  this  nature. 

In  the  Scottish  Geographical  Magazine  of  June,  last 
year,  a  very  interesting  map  by  Mr.  J.  G.  Bartholomew 
was  published,  to  show  the  geographical  value  of  the  best 
maps  of  all  countries.  This  map  is  colored  so  as  to  show 
the  nature  of  the  surveys  or  observations,  upon  which  our 
maps  of  various  countries  are  based.  The  first  thin^r  we 
notice  on  this  map  is  that  the  largest  area  of  detailed 
topographical  surveys  is  found  in  Europe.  Almost  the 
whole  of  Europe  has  been  covered  by  these  exact  surveys. 
Even  in  the  Balkan  States,  where  the  easy-going  and  un- 
scientific Turk  has  done  almost  nothing  to  map  the  country 
that  was  long  under  his  control,  the  work  has  been  done 
for  him  by  the  enterprise  of  the  Russians,  Austrians.  and 
(Germans,  who  naturally  have  taken  a  very  great  interest 
in  mapping  this  mountainous  and  debatable  quarter  of 
Europe.  The  first  country  on  the  Continent  to  undertake 
these  minute  surveys  was  France,  in  1750,  and  the  work 
has  steadily  progressed  in  various  countries,  until  almost 
the  whole  of  Europe  has  been  mapped  in  beautiful  and 
elaborate  detail.  We  find,  however,  that  in  a  large  part 
of  Scandinavia,  Spain,  and  Eastern  Russia,  map-makers 
ha^e  not  yet  the  advantage  of  these  detailed  surveys. 

The  next  largest  area  of  detailed  topographical  surveys 
is  found  in  India.  It  may  surprise  some  of  our  readers  to 
know  that  India  is  one  of  the  best  mapped  countries  in 
the  world.  The  great  cadastral  survey  of  India,  in  prog- 
ress for  years,  was  completed  only  recently.  The  sheets  of 
this  map  are  on  a  large  scale,  and  the  minute  topographi- 
cal features  of  the  great  peninsula  are  clearly  shown. 

Our  maps  of  China,  of  the  Himalayas,  of  Eastern  Rus- 
sia, of  Japan,  of  Cape  Colony  in  South  Africa,  and  ot 
Eastern  Australia,  are  the  result  of  general  surveys,  and 
are  fairly  reliable,  though  they  do  not  contain  the  minute 
ness  and  variety  of  information  which  are  results  of  de- 
tailed topographical  surveys.  The  whole  of  Central  Asia 
has  been  mapped  from  many  observations  and  itineraries, 
and  the  maps  are  fairly  reliable  as  far  as  they  go.  It  is 
quite  certain  that  our  maps  of  Siberia  are  far  from  accu- 
rate, for  enormous  districts  in  that  country  have  been 
mapped  only  from  the  reports  and  route  surveys  of  single 
travelers. 

In  Africa,  we  find  that  general  but  not  detailed  surveys 
have  been  made  in  Algeria,  along  the  Mediterranean  and 
Red  Sea  coasts,  in  the  Nile  Valley,  as  far  south  as  Khar 
toum,  and  in  Cape  Colony  and  the  Boer  republics.  The 
larger  part  of  the  east  and  west  coasts,  though  their  out 
lines  are  without  doubt  depicted  with  a  fair  degree  of 
accuracy,  have  not  yet  been  adequately  surveyed,  and  are, 
therefore,  not  presented  on  the  maps  with  the  greatest 
accuracy.  The  mapping  ot  all  the  rest  of  Africa  has  not 
yet  passed  beyond  the  stages  of  approximately  correct  or 
merely  hypothetical,  and  there  are  large  areas  in  the 
Sahara,  in  West  Africa  behind  the  Cameroons,  in  the  south- 
ern part  of  the  Congo  basin,  and  in  East  Africa,  northeast  of 
Victoria  Nyanza,  which  are  not  yet  so  far  known,  even  by 
native  reports,  as  to  give  much  satisfactory  data  even  for 
hypothetical  mapping. 

South  America  has  not  yet  accomplished  anything  m 
the  way  of  detailed  topographical  surveys,  though  the 
enterprise  of  the  Argentine  Government  has  resulted  in  a 
general  survey  of  the  larger  part  of  her  country.     It  is  only 
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along  the  coast  line  of  South  America  that  we  find  the 
maps  based  even  upon  general  topographical  surveys, 
except  in  Argentina  and  Uruguay.  The  larger  part  of 
Brazil,  Bolivia,  and  the  northern  and  Pacific  Coast  repub- 
lics, are  mapped  from  the  observations  and  travels  of 
numerous  explorers.  These  maps  are  very  inadequate, 
and  the  maps  which  some  of  the  countries  print  of  their 
territories  are  anything  but  satisfactory.  Large  districts, 
both  north  and  south  ot  the  Amazon  River,  are  still  almost 
unknown,  and  perhaps  will  not  be  represented  on  our 
maps  with  even  a  fair  degree  of  accuracy  for  many  years 
to  come. 

The  mapping  of  our  own  country  is  constantly  improv- 
ing, thanks  to  the  great  work  which  is  in  progress  under 
the  auspices  of  the  general  government  and  a  number  of 
our  States.  Every  intelligent  citizen  who  appreciates 
good  maps  has  reason  to  rejoice  over  the  work  the  United 
States  Geological  Survey  is  doing.  For  about  10  years 
past  it  has  been  pushing  forward  its  detailed  topographi- 
cal surveys  for  the  purpose  of  making  a  map  of  the  United 
States.  It  has  been  able  to  use  in  this  work  the  results  of 
other  surveys  carried  on  in  various  parts  of  the  country, 
and  notably  in  the  Rocky  Mountain  region,  by  Govern- 
ment and  State  organizations.  The  scale  of  this  map 
differs  in  different  parts  of  the  country,  being  about  a  mile 
to  an  inch  in  the  more  thickly  settled  regions,  two  miles 
to  an  inch  in  less  highly  developed  districts,  and  four 
miles  to  an  inch  in  sparsely  settled  and  desert  regions. 
A  characteristic  of  the  sheets  of  this  map  is  their  simplicity 
and  clearness.  Only  those  cultural  features  which  relate 
to  the  community,  such  as  cities,  roads,  railways  and  so 
on,  are  represented.  The  omission  of  innumerable  items 
of  private  culture  greatly  reduces  the  number  of  conven- 
tional signs,  so  that  the  map  is  self-explanatory.  Upon 
this  map  the  relief  is  shown  by  contour  lines  or  lines  of 
equal  elevation  above  sea-level,  thus  adding  a  third  dimen- 
sion to  the  map.  These  contour  lines  are  drawn  at  various 
intervals  of  height,  depending  upon  the  scale  and  the  char- 
acter of  the  country,  the  one-mile  scale  being  commonly 
accompanied  by  a  20  ft.  contour  interval,  the  two-mile 
scale  by  contour  intervals  of  20  to  100  ft.,  and  the  four- 
mile  scale  by  contour  intervals  of  200  or  250  ft.  Within 
the  past  nine  years  an  area  of  nearly  500,000  square 
miles  has  been  surveyed,  comprising  555  atlas  sheets. 
This  area  is  widely  distributed  over  the  country,  embrac- 
ing parts  of  nearly  every  State  and  Territory,  but  far  the 
larger  part  of  it  is  in  the  western  part  of  the  country, 
between  the  Missouri  River  on  the  north  and  the  Colorado 
on  the  south,  and  including  a  large  part  of  the  Rocky 
Mountain  region.  Up  to  October  30  last,  365  sheets  of  this 
map  had  been  engraved. 

In  the  study  of  maps  it  is  particularly  annoying  it  coast 
lines  are  so  vaguely  laid  down  that  they  convey  to  our 
minds  little  definite  information.  There  is  no  excuse  now 
for  poor  mapping  of  our  coast  line.  The  operations  of 
the  United  States  Coast  and  Geodetic  Survey  have  been  in 
progress  since  1836,  though  considerable  work  in  the  way 
of  mapping  our  coast  line  had  been  done  at  intervals  before 
that  time.  The  work  of  the  Survey,  at  first  confined  to 
the  Atlantic  and  Gulf  coasts,  was  extended  to  the  Pacific 
after  the  acquisition  of  California,  and  has  since  kept  pace 
with  every  extension  of  the  territory  of  the  United  States. 
The  objects  of  this  work  are  to  accurately  delineate  the 
position  of  the  entire  coast  line  upon  the  earth's  surface, 
to  map  its  topography,  and  to  carry  out  systematic  sound- 
ings of  the  approaches  to  the  coast,  its  channels,  and  har- 
bors, to  collect  information  about  tides  and  currents  and 
other  data  of  use  to  navigators.  Since  the  earliest  publi- 
cation of  the  charts  of  the  Survey,  the  accurate  representa- 
tion of  all  natural  coast  features  has  been  recognized  as 
essential.  The  charts  are  made  in  the  office  and  are  pub- 
lished on  various  scales,  and  since  1885  there  has  been  an 
increase  of  over  100  per  cent,  in  the  number  of  charts  re- 
quired by  the  sales  agents  at  the  chief  seaports.  The 
whole  number  of  charts  distributed  during  the  past  year 
was  63,151.  While  the  Coast  Survey  has  charted  the 
southern  coast  of  Alaska,  there  is  a  good  deal  for  it  yet  to 
do  along  the  northern  part  of  that  coast  line. 

The  Dominion  of  Canada  has  done  little  as  yet  in  the 
way  of  detailed  topographical  surveying,  though  its  sur- 


veys between  the  southerly  boundary  and  the  sixtieth  par. 
allel  are  sufficiently  accurate  for  most  purposes.  Norih 
of  the  sixtieth  parallel  the  information  yet  obtained  about 
this  continent  is  far  too  meagre  to  serve  is  a  basis  lor 
accurate  mapping.  It  is  interesting  to  obsern^e  that  a  very 
considerable  part  of  the  coast  line  of  West  Greenland,  from 
Cape  Farewell  to  Upernavik,  has  been  careuilly  surveyed 
and  the  wonderful  series  of  fiords  penetrating  far  into  the 
land  may,  in  large  part,  be  accurately  delineated  on  the 
maps. 


LACQUER  AS  A  PROTECTION  FOR  STEEL 

SHIPS. 


Condensed  from  paper  read  before  the  U.  S.  Naval  Institute 
by  Lieutenant  J.  B.  Murdock,  and  published  in  the  Journal 
of  the  Institute.) 


The  idea  of  lacquering  iron  and  steel  vessels  as  a  pro- 
tection against  the  action  of  sea- water  was  suggested  I0 
Mr.  Hotta,  a  lacquer  manufacturer  of  Tokio,  by  the  ob- 
servation that  pieces  of  old  lacquer  recovered  from  the  sea 
showed  but  little  action,  the  lacquer  being  practically  un- 
attacked.  As  the  Japanese  were  then  purchasing  iron 
and  steel  ships  from  abroad,  and  were  encountering  the 
same  difficulties  that  were  met  with  elsewhere  in  protect- 
ing the  metal,  experiments  were  made  on  special  test- 
plates,  which  were  immersed  in  sea-water  for  consider 
able  periods,  generally  at  the  Yokosuka  dockyard.  The 
first  results  obtained  were  not  fully  satisfactory,  but  were 
very  encouraging,  and  the  tests  were  continued,  varying 
slightly  the  composition  of  the  lacquer,  or  adding  chemi- 
cals to  assist  in  obtaining  the  desired  results.  In  June, 
1886.  a  practical  test  was  made  by  lacquering  about  1,200 
ft.  of  the  bottom  ot  the  Fuso-Kan,  using  the  preparation  of 
lacquer  that  at  that  time  had  given  the  best  results.  The 
ship  was  docked  again  in  September,  1887,  and  the  condi 
tion  of  the  lacquered  portion  was  so  satisfactory  that  the 
Admiralty  gave  an  order  to  lacquer  the  whole  bottom.  In 
December,  1888,  the  ship  was  again  docked,  but  the  lac- 
quer coat  was  found  to  be  so  good  that  no  repairs  were 
made.  In  June,  1889,  the  ship  was  again  docked,  the  lac 
quer  being  still  satisfactory.  In  each"  case  anti-fouliny 
paint  was  applied  over  the  lacquer.  The  Fiiso  was  docked 
once  more  in  April,  1890,  and  although  the  lacquer  cover- 
ing was  almost  perfect  it  was  for  some  unknown  reason 
all  removed  by  scraping,  and  the  bottom  was  painted. 

Many  other  vessels  of  the  Japanese  Navy  have  since 
been  lacquered.  Experimentation  has  been  going  on  con- 
tinually. The  work  is  all  done  by  Messrs.  Hotta  &  Com- 
pany, they  holding  a  monopoly  under  the  laws  of  Japan, 
practically  the  equivalent  of  an  American  patent.  Not 
content  with  merely  protecting  the  metal  against  corro- 
sion, the  contractors  have  endeavored  to  meet  all  the  re- 
quirements of  the  case  by  providing  an  anti-fouling  lac- 
quer preparation,  as  well  as  an  anti-corrosive.  The  use 
of  metallic  anti-fouling  paints  over  the  lacquer  has  l)een 
found  to  be  injurious,  the  urushic  acid  of  the  lacquer  some- 
times attacking  the  metallic  base  of  the  paint,  resulting  in 
the  practical  destruction  of  the  useful  qualities  of  both. 
This  preparation  was  developed  experimentally,  and  test- 
plates  coated  with  both  protective  and  anti-fouling  lac- 
quers having  given  most  satisfactory  results  immersed  in 
sea-water  at  Yokosuka  for  eighteen  months,  the  Japanese 
Admiralty  ordered  the  lacquering  of  the  new  despatch-ves 
sel  Yaeyatna  with  both  kinds  of  lacquer.  The  work  was 
performed  in  July,  1890,  and  the  result  will  be  watched 
with  interest,  as  the  test-plates  remained  perfectly  clean  ; 
and  if  the  same  protection  is  afforded  to  the  Yaeyavia  un- 
der the  ordinary  conditions  of  service,  the  anti-fouling  lac- 
quer will  have  vindicated  its  claim  to  be  the  equal  if  not 
the  superior  of  any  similar  composition  known. 

The  protective  or  anti-corrosive  lacquer  is  mainly  lac- 
quer, small  quantities  of  some  inert  minerals  like  mica  or 
kaolin  being  added  to  increase  the  covering  power  and 
body  of  the  preparation.  The  composition  of  the  different 
coats  differs  somewhat,  that  applied  directly  to  the  skin  01 
the  ship  containing  the  largest  proportion  of  lacquer. 
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TUNNELING    PLANT    ON    THE    TRANSANDINE 


(From  the  London  Engineering:) 


k 


THE  principal  difficulties  found  in  constructing  th 
Transandine  Railroad,  which  is  to  complete  the  connec- 
tion between  the  Atlantic  and  Pacific  through  the  Argen- 
tine Republic  and  Chili,  are  found  in  tunneling  and  the 
overcoming  ot  great  differences  in  level  in  the  crossing  of 
the  Andes.  The  total  length  of  the  new  line,  to  which 
reference  has  already  been  made  in  our  columns,  from 
Mendoza  to  Santa  Rosa  in  Chili,  is  149  miles,  of  which 
jog  miles  are  on  Argentine  territory,  and  owned  by  an 
English  company — the  Buenos  Ayres  &  Valparaiso  Tran- 
sandine Railroad  Company,  limited,  while  the  40  miles  in 
Chili  are  owned  by  Clark's  Transandine  Railroad  Com- 
pany. Mendoza  is  2,376  ft.  and  Santa  Rosa  2,704  ft.  above 
sea  level,  but  between  these  points  the  line  rises  to  10,460 
ft.    The  tunnels,  which  are  at  the  point  where  the  line  at- 


It  may  here  be  stated  that  the  tunnels  are  for  single 
line,  the  area  being  18.51  sq.  m.  (199,244  sq.  ft.;,  the 
height  being  5.30  m.  (17.38  ft.)  ;  the  width  3.40  m.  (11.15 
ft.)  ;  and  the  radius  of  arch  2  m.  (6.56  ft.).  A  section  is 
given  in  fig.  3.  It  is  in  the  boring  of  these  tunnels,  or 
rather  in  the  means  adopted,  that  Messrs.  Clark  have 
overcome  extraordinary  difficulties,  and  a  detailed  de- 
scription of  the  plant  will  be  interesting. 

The  installation  may  be  said  to  be  unique,  as  it  is  proba- 
bly the  first  time  that  the  power  for  compressing  air  for 
the  drills  has  been  conveyed  for  such  a  long  distance  by 
electric  cables.  We  may  refer  briefly  to  the  reasons  which 
made  such  an  arrangement  almost  imperative.  In  the 
first  instance  the  absence  of  fuel  on  the  spot  and  the  enor- 
mous expense  which  would  have  been  involved  in  obtain- 
ing it,  precluded  the  use  of  any  but  natural  power  lor  driv- 
ing the  air  compressors.  Secondly,  since  suflficient  water 
power  could  not  be  obtained  near  the  faces  of  the  tunnels, 
which  have  to  be  drilled  by  machines,  it  was  necessary  to 
place  the  turbines  where  the  power  could  be  obtained  and 
to  transmit  it  to  the  compressors.     Upon  the  advice  of 
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TUNNELS   ON   THE   TRANSANDINE   RAILROAD.; 


tains  its  highest  level  above  the  sea,  extend  in  all  15  km. 
•  9-32  miles),  and  to  overcome  a  part  of  the  difference  in 
level  within  a  short  distance,  and  at  suitable  working 
gradients,  it  has  been  found  necessary  to  construct  a  spiral 
tunnel  6.183  ft.  long.  Fig.  2,  appended,  is  a  plan  of  the 
works  from  Juncal.  in  Chili,  to  the  Quebrada  Navarro  in 
the  Argentine  Republic,  the  distance  by  the  line  being 
about  14  miles.  In  this  part  of  the  line  are  included  all 
the  summit  tunnels,  and  the  altitudes  are  indicated  on  the 
profile,  fig.  I.  The  greatest  height  attained  by  the  rail- 
road IS  3.188  m.  <io,46o  ft.),  while  the  summit  level  is 
3.000  m.  (12,467  ft.)  above  sea  level.  In  that  distance 
"ere  are,  as  shown,  eight  tunnels,  the  longest  being  the 
summit  tunnel,  having  a  length  of  5,065  m.  or  16,620  ft. 
the  spiral  tunnel  is  at  Portillo.  The  radius  of  the  curve 
^5  200  m.,  equal  to  nearly  10  chains.  Of  these  eight  tun- 
es, seven  are  in  sidelong  ground  admitting  of  openings 
osl"!i'^*^?'  ^°  *^^^  ^  greater  number  of  working  faces  are 

:  done  in  shorter 
The  maximum 


Jtne  than  if  working  only  from  the  ends 
'^"'le  is  8  per  cei  "     " 

(9  32  miles). 


km  /-.'^  ^  ^^F  ^^^^-f  ^"^  this  extends  for  a  distance  of  15 


their  engineer,  Mr.  Alfred  Schatzmann,  who  had  had  great 
experience  on  the  St.  Gothard  and  other  European  tunnels, 
Messrs.  Clark  adopted  an  electrical  transmission  of  power. 
Mr.  Schatzmann  planned  the  arrangement  of  the  installa- 
tions, and  fixed  the  power  of  the  machines  required  at 
each. 

The  disposition  of  the  vaMous  departments  of  the  works 
thus  becomes  matter  of  interest,  and  before  dealing  at 
length  with  the  plant  itself,  we  shall  refer  more  particu- 
larly to  its  arrangements  and  general  efficiency.  Fig.  4 
shows  the  districts  in  which  the  various  works  are  placed. 
There  are  three  installations,  one  upon  the  Argentine  and 
two  on  the  Chilian  side  of  the  Andes,  each  bemg  distinct 
in  all  points,  except  that  the  primary  stations  on  the  Chilian 
side  are  both  located  at  juncal.  Each  installation  has  a 
primary  station  where  the  turbines  and  dynamos  are  situ- 
ated, and  a  secondary  station  with  electro-motors  and  air 
compressors. 

The  Chilian  installation  consists  of  two  primary  stations 
under  one  roof  at  Juncal,  with  secondary  stations  at  Jun- 
calillo  and  Calavera,  as  shown  on  plan,  fig.  4.  There  are 
separate  cables  for  transmitting;  power  from  Juncal  to 
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Juncalillo  and  to  Calavera.  The  power  for  driving  the 
turbines  is  obtained  from  the  Quebrada  Juncalillo,  the 
water  being  conveyed  from  the  settling  tanks  to  the  tur- 
bines, a  distance  of  1,300  m.  (about  4,260  ft.),  by  a  double 
line  of  20-in.  diameter  steel  pipes. 

The  primary  station  at  Juncal  for  this  installation  con- 
sists of  six  Girard  turbines,  each  giving  80  H.P.,  effective 
at  a  speed  of  700  revolutions  per  minute,  receiving  50 
litres  per  second  (i  i  galls.)  under  a  pressure  of  1 70  m.  head 
of  water  (557.8  ft.).  The  total  power  given  out  by  the  tur- 
bines^ therefore  80  H.P.  by  6  =  480  H.P.  effective.  Each 
80-H.P.  turbine  is  coupled  directly  on  to  the  shaft  ot  an 
80-H.P.  dynamo,  consequently  there  will  be  no  loss  of 
power  in  transmission  from  the  turbines  to  the  dynamos. 
The  dynamos,  each  absorbing  80  H.P.,  and  working  at 
700  revolutions  per  minute,  have  an  efficiency  of  90  per 
cent.,  an  electrical  output  of  400  volts  and  135  amperes. 
They  are  grouped  in  two  groups  of  three  dynamos  each, 
each  group  having  a  main  and  return  transmission  cable. 
A  great  advantage  is  gained  in  having  two  groups,  as, 


taiKimXtfPnU 


ARGlMflllE. 


Piql 
It  LRU  BUG 


K£ PUBLIC  6f  CHllI 


j  i  iii       "  i"  i 


gji 


11        li    \ 


t*        '»' 


"A* 


■ii-..V  . 


JSL 


_il 


Jl. 


JS- 


To  Mc/idvxo 


Irc'intf  mih  rack  sAfftrn  Ihui 


To  Sta  Rosa 


should  accident  or  other  cause  prevent  one  from  being 
worked,  the  whole  of  the  tunneling  would  not  by  stopped. 
The  cables  have  been  calculated  for  400  volts  by  3  =  1,200 
volts  with  a  section  of  copper  of  0.233  in.,  and  having  a 
conductivity  of  98  per  cent,  of  pure  copper,  the  loss  in  the 
cables  main  and  return  being  8  per  cent. 

The  secondary  station  at  Juncalillo  is  3,000  m.  (about 
9,843  ft.)  from  Juncal,  the  power  available  being  2  by  3  by 
80  H.P.  by  .91  by  .92  =  401.8  H.P.  At  Juncalillo  the 
cables  are  attached  to  six  electric  motors,  similar  to  those 
of  the  80-H.P.  primary  dynamos,  but  owing  to  the  loss  in 
the  line  they  will  only  run  at  600  revolutions.  The  motors 
have  a  commercial  efficiency  of  90  per  cent.,  and  the  six 
will  give  a  power  equal  to  401  8  H.P.  by. 90  =  361.67  H.P. 
The  motors  running  at  600  revolutions  per  minute  drive 
through  a  shaft,  running  at  300  revolutions,  six  air  com- 
pressors at  a  speed  of  180  revolutions  per  minute.  Assum- 
ing the  loss  of  power  due  to  shafting  and  belting  at  5  per 
cent.,  the  power  available  for  driving  compressors  is 
361.67  H.P.  by  .95  =  343.58  H.P.  The  compressors,  six 
in  number,  each  take  in  9  cu.  m,  of  air  (317.84  cu.  ft.)  at 
six  atmospheres  absolute  (88  lbs.).  Assuming  that  each 
cubic  meter  of  air  taken  in  and  compressed  to  six  atmos- 
pheres requires  6,15  H,P.,  the  powers  absorbed  by  the 
compressors  will  be  54 by 6. 15  H.P,  z=  332.10  H. P.,  which, 
deducted  from  the  power  available,  343.586  H.P.,  leaves 
11.486  H.P.  available  for  the  workshops  and  electric  light. 
^The  installation  of  Juncal-Calavera  is  very  similar  to  the 
Juncal-Juncalillo,  described  above.  The  turbines  are  in  the 
same  shed,  and  take  their  water  from  the  same  source. 


These  and  the  dynamos  are  also  of  the  same  size  and 
power  ;  but  since  the  distance  Juncal-Calavera  is  7,000  m 
against  3.000  m.  for  Juncal-Juncalillo,  the  power  available 
at  Calavera  for  driving  the  compressors  is  proponionallv 
less.  The  cables,  one  main  and  one  return,  have  a  section 
of  copper  of  0.271  in.,  and  carry  1,600  volts  (the  product 
of  four  dynamos  at  400  volts  each,  with  a  loss  of  12  per 
cent,  mam  and  return).  The  power  available,  therefore 
for  driving  the  four  compressors  at  Calavera,  which  are 
the  same  size  as  those  at  Juncalillo,  is  4  by^8o  H.P.  by  .qi 
by  .88  by  .90  by  .95  =  219.10  H.P.,  the  compressors  re. 
quiring  6.15  by  36  =  221.4  H.P. 

Turning  now  to  the  Argentine  installation,  the  water- 
power  upon  this  side  is  derived  from  the  Quebrada  Na. 
varro,  fig.  4,  the  water  being  conveyed  to  the  turbines  from 
the  settling  tanks,  a  distance  of  350  m.  (1,149  ^^•)  by  a  sin- 
gle  line  of  20-in.  diameter  steel  pipes.  Owing  to  the  diffi. 
culties  of  transport  upon  the  Argentine  side  of  the  moun- 
tains, 80-H.P.  dynamos  were  found  to  be  too  heavy  for 
transport,  and  machines  of  half  the  power  were  therefore 
adopted.  At  the  primary  station  at  Navarro, 
four  Girard  turbines  similar  to  those  at  Jun- 
cal, but  designed  to  work  with  a  pressure  of 
115  m.  head  (377.3  ft.),  with  75  litres  of  water 
per  second  (16.5  galls.),  are  used  ;  these  give 
each  80  H.P.  effective  at  700  revolutions  per 
minute.  Each  turbine  drives  two  40-H.P. 
dynamos  directly  from  its  horizontal  shaft, 
one  on  either  side.  The  machines  are  in  two 
groups,  each  of  two  80-H.P.  turbines  with 
four  40-H.P.  dynamos.  The  turbines,  how- 
ever, are  supplied  by  one  pipe.  One  group 
can  be  worked  independently  of  the  other, 
should  any  accident  arise,  provided  it  does  not 
affect  the  source  .of  water  supply.  The  primary 
dynamos  absorbing  40-H.P.  have  an  efficiency 
of  90  per  cent.,  with  an  electrical  output  of 
250  volts  and  107  amperes  at  700  revolutions 
per  minute.  The  cables  transmitting  the 
power  have  a  section  of  0.22  sq.  in.,  and  the 
loss  in  main  and  return  between  Navarro  and 
Las  Cuevas,  a  distance  of  3,000  m.,  is  8  per 
cent.  The  30-H.P.  motors  at  Las  Cuevas  are 
similar  to  the  dynamos  at  Navarro,  and  at  600 
revolutions  per  minute  have  an  efficiency  of 
89  per  cent.  The  power  therefore  available 
for  driving  the  compressors  is  2  by  4  by  40 
H.P.  by  .90  by  .92  by  .89  by  .95  (allowing  5 
per  cent,  for  loss  of  friction  in  shafting  and 
belting)  =  224.74  H.P.  The  four  compres- 
sors are  of  the  same  type  as  those  for  the  Chilian  installa- 
tions, and  calculating  upon  the  same  basis,  6.15  H.P.  to 
compress  one  cubic  meter  of  air  to  six  atmospheres,  the 
power  required  is  36  by  6.15  =  221.4  H.P. 

Dealing  generally  with  the  three  installations,  the  air  is 
conveyed  from  the  compressors  into  large  steel  reservoirs, 
and  from  thence  to  the  drills  in  4>^-in.  wrought-iron  pipes. 
The  drills  are  of  the  Ferroux  type,  are  mounted  upon  car- 
riages in  groups  of  six,  and  are  run  forward  on  rails  to  the 
face.  As  the  greater  part  of  the  tunnel  is  on  a  grade  of  8 
per  cent.,  special  arrangements  have  had  to  be  made  for 
clearing  the  debris.  Where  it  has  to  be  hauled  forward  to 
the  open  air  winches  are  used  ;  and  where  it  may  run  out 
on  a  down  grade  arrangements  are  made  whereby  the  full 
wagons  draw  the  empty  wagons  to  the  face.  The  move- 
ments are  controlled  by  special  brake  drums  made  by 
Messrs.  Bradley  &  Craven. 

The  several  stations  are  connected  by  telephone,  and 
similar  communication  is  established  between  the  settling 
tanks  and  the  turbine  house,  so  that,  although  the  works 
are  widely  separated,  the  same  initial  power,  which  is,  by 
the  various  processes,  converted  into  active  work  at  the 
rock  face,  affords  the  means  of  instant  and  easy  communi- 
cation with  all  parts  of  the  works.  The  workshops  whicn. 
by  the  way.  are  built  of  stone  found  in  the  district,  witn 
wooden  roofs  sent  from  England,  are  lighted  by  electricity 
generated  in  a  separate  lo-H.P.  dynamo. 

The  Girard  turbines  have  been  supplied  by  Messrs. 
Escher,  Wyss  &  Company,  Zurich,  Switzerland  ;  the  dyna- 
mo and  electrical  motors  by  the  Oerlikon  Company,  also 
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f  Zuricii,  and  the  air  compressors  by  Messrs.  Burckhardt 
«' Company,  of  Basle,  Switzerland,  firms  formerly  asso- 

aied  with  somewhat  similar  work  in  connection  with 
s'viss  tunnels.  The  Ferroux  drills  were  made  by  Messrs. 
Demange  &  Satre,  Lyons,  France,  under  the  supervision  of 
the  patentee.     The  cables  are  by  Messrs.  Siemens. 

Since  the  above  was  written,  reports  have  been  received 
from  Buenos  Ayres  that  the  first  three  sections  from  Men- 
doza  to  Uspallata,  91  km.  (56.546  miles),  have  been  opened 
to  traffic  under  the  guarantee  of  the  Government,  and  that 
the  next  section  of  30  km.  (18.641  miles)  in  length  to  Rio 
Blanco  will  soon  be  ready.  This  will  bring  the  portion 
completed  to  121  km.  (75.187  miles),  leaving  54  km.  (33.5 
miles)  on  the  Argentine,  and  42  km,  (26  miles)  on  the 
Chilian  side,  on  which  the  earthworks  are  well  advanced, 
to  complete  communication  between  the  Atlantic  and 
Pacific  oceans  ;  93  per  cent,  of  the  distance  from  ocean 
to  ocean  can  now  be  traversed  by  rail,  and  the  works  are 
far  advanced  upon  the  remaining  7  per  cent. 


CONTRIBUTIONS    TO    PRACTICAL     RAILROAD 
INFORMATION.* 


CHEMISTRY     APPLIED     TO     RAILROADS. 
XVII.— PAINT  SPECIFICATIONS  {Continued). 


By  C.  B.  Dudley,  Chemist,  and  F.  N.  Pease,  Assist- 
ant Chemist,  of  the  PENNSVLVANrA  Railroad. 


(Copyright,  1889,  ^Y  C.  B.  Dudley  and  F.  N.  Pease.) 


{Continued /"rom  fage  225.) 


Owing  to  sickness  in  the  Laboratory  force  during  the 
past  month,  it  has  been  impossible  to  make  the  experi- 
ments necessary  to  decide  the  points  referred  to  in  the 
last  article  in  regard  to  how  properly  to  design  a  paint, 
and  we  therefore  continue  in  the  present  article  the  sub- 
ject of  paint  specifications,  and  will  also  have  something  to 
say  concerning  the  livering  of  paint. 

The  next  paint  specifications  issued  in  point  of  time  on 
the  Pennsylvania  Railroad  were  the  specifications  for 
Tuscan  red.  They  have  been  in  service  but  a  short  time, 
and  therefore  have  not  been  fully  tested.  This  material, 
as  is  well  known,  is  used  as  the  standard  color  for  passen- 
ger cars  on  the  Pennsylvania  system,  both  east  and  west 
of  Pittsburgh.     The  specifications  are  as  follows  : 

PENNSYLVANIA   RAILROAD     COMPANY. 

Motive  Power  Department. 
Specifications  for  Tuscan  Red. 

Tuscan  red  will  be  bought  in  the  paste  form,  and  the  paste 
should  contain  nothing  but  pigment,  oil  and  turpentine. 

The  proportions  of  the  ingredients  of  the  paste  should  be,  as 
nearly  as  possible,  as  follows  : 

*  1^1  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
•na  t.  N  Pease,  Assistant  Chemist,  of  the  Pennsylrania  Railroad,  who  are  in 
tnarge  of  the  testing  laboratory  at  Altoona.     They  will  give   summaries  of 

i?mal  researches  and  of  work  done  in  testing  materials  in  the  laboratory 
wmT  *^'  """^  ^"^  complete  specifications  of  the  different  kinds  of  material 
Tk-*^-  ^^^  ii^sed  on  the  road  and  which  must  be   bought   by  the   Company. 


whirh        *        **"''*'^*''°"''' *"'^ '*'*'''  '"J""ous  effects  on  the  machinery  to 
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MirrK  "  ".applied  ;  No.  Ill,  in  the  February  number,  and  No.  IV,  in  the 
in  il,  m""  "'  *■■*  °"  ^^'■'1  O''  ;  N°-  V,  in  the  April  number,  and  No.  VI, 
on  I  ..u.  1^' """''»*^.'''  O"  Petroleum  Products;  No.  VII.  in  the  June  number. 


are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
on  I .  k  '  •■"■"'"^'■,  on  Petroleum  Products;  No.  VII.  in  the  June  numbei 
Meth  I  ?I\'*  *"*'  Burning  Oils;  No.  VIII.  in  the  July  number,  on  th 
I.uhrio  '  ^"'■'='^»*'"g  <^>ls  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  an 
No  v,"."'^  {•'■■cases  ;  No.  X,  in  the  August  number,  on  Battery  Materials; 
ber  m,  .'i"  ,5,  September  number,  on  Paints  ;  No.  XII,  in  the  October  num- 
mimh,  *  Working  Qualities  of  Paint;  No.  XIII,  in  the  December,  1890, 
Coveril'  "d  '^"^  Drying  of  Paint  ;  No.  XIV,  in  the  February  number,  on  the 
«isB  Tp  °*"  °^  P'Kments  ;  No.  XV,  in  the  April  number,  on  How  to  De 
fhapte,  ^"'\i*  u  °  ''^'' '"  '*'*  ^*y  number,  on  Paint  Specifications.  These 
Manat-t   *  followed  by  others  on  different  kinds   of  railroad  supplies. 

Cf'^TRiB,,"  ''"P*""'e"dents,  purchasing    agents  and  others  will  find    these 
'odicati       !°^^  ''■o  Practical   Railroad  iNroRMATioN  of  special  value  in 
""B  ine  true  character  of  the  materials  they  must  use  and  buy. 


Pigment,  75  per  cent,  by  weight. 

Oil,  Q  per  cent,  by  weight. 

Turpentine,  16  per  cent,  by  weight. 

The  oil  must  be  pure  raw  linseed-oil,  well  clarified  by  settling 
and  age  ;  new  process  oil  preferred.  The  turpentine  must  l)e 
good  quality,  and  as  free  as  possible  from  resinous  matter. 

The  pigment  desired  contains  no  hygroscopic  moisture,  and 
has  the  following  composition  : 

Sesquioxide  of  iron,  80  per  cent,  by  weight. 

Carbonate  of  lime,  5  per  cent,  by  weight. 

Organic  coloring  matter,  15  per  cent,  by  weight 

Samples  of  dry  pigment  showing  standard  shade  will  be  fur- 
nished, and  shipments  will  be  required  to  conform  strictly  to 
standard.  The  shade  of  paint  being  affected  by  the  grinding, 
the  P.  R.  R.  standard  shade  is  that  given  by  the  dry  sample 
sent,  mixed  with  the  proper  amount  of  oil  and  turpentine  and 
ground,  or  better  rubbed  up  in  a  small  mortar  with  pestle,  until 
the  paste  will  pass  the  test  for  fine  grinding.  It  is  best  to  use 
fresh  samples  of  the  dry  pigment  for  each  day's  testing.  The 
comparison  should  always  be  made  with  the  fresh  material,  and 
never  with  the  paint  after  it  has  become  dry.  The  comparison 
is  easiest  made  by  putting  a  small  hillock  of  the  standard  paste 
and  of  that  to  be  compared  near  each  other  on  glass,  and  then 
laying  another  piece  uf  glass  on  the  two  hiIIock.s,  and  pressing 
them  together  until  the  two  samples  unite.  The  line  where 
the  two  samples  unite  is  clearly  marked,  if  they  are  not  the 
same  shade. 

The  paste  must  be  so  finely  ground  that  when  a  sample  of  it 
is  thoroughly  mixed,  five  [5]  parts  paste  to  three  [3]  parts  of  pure 
raw  linseed-oil  by  weight,  and  a  small  amount  of  Yhe  mixture 
placed  on  a  piece  of  dry  glass,  and  the  glass  placed  vertical, 
there  will  be  no  separation  of  the  oil  from  the  pigment  for  at 
least  half  an  hour.  The  temperature  affects  this  test,  and  it 
should  always  be  made  at  70"^  Fahrenheit.  The  sample  under 
test  runs  down  the  glass  in  a  narrow  stream,  when  it  is  placed 
vertical,  and  it  is  sufficient  if  the  oil  and  pigment  do  not  sepa- 
rate for  an  inch  down  from  the  top  of  the  test. 

Shipments  will  not  be  accepted  which 

1.  Contain  in  the  paste  less  than  74  per  cent,  of  pigment  air 
dried  at  from  60°  to  go^  Fahrenheit. 

2.  Contain  in  the  paste  less  than  8  per  cent,  of  oil,  dried  at 
250°  Fahrenheit,  or  more  oil  than  one-seventh  of  the  weight 
of  the  pigment. 

3.  Contain  in  the  paste  impure  or  boiled  linseed-oil,  or  more 
than  5  per  cent,  of  moisture. 

4.  Contain  in  the  pigment  less  than  75  per  cent,  of  sesquiox- 
ide of  iron,  less  than  2  per  cent,  or  more  than  5  per  cent,  of 
carbonate  of  lime,  or  have  present  any  barytes,  or  any  caustic 
substances,  or  any  organic  coloring  matter,  that  has  not  been 
approved.* 

5.  Vary  from  shade. 

6.  Are  not  ground  finely  enough. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 
Office    of  General    Superintendent    Motive   Power,  Altoona, 
Pa.,  July  22,   1890. 

It  will  be  noted  by  those  who  are  accustomed  to  the 
practices  of  the  trade  that  these  specifications  for  passen- 
ger car  color  made  quite  a  radical  departure  from  custom, 
since  most  fine  colors  used  for  passenger  cars  are  ground 
in  japan  rather  than  in  oil.  It  has  been  stated  already  in 
this  series  of  articles  that  there  was  a  radical  distinction 
between  carriage  painting  and  house  painting,  and  that  in 
carriage  painting  it  was  essential  that  the  color  should  be 
"  flat"  when  dry,  in  order  to  take  the  varnish  properly. 
The  Tuscan  red,  of  course,  is  used  under  varnish,  and 
therefore  it  must  dry  "  flat,"  and  customarily  japan  has 
been  used  as  the  vehicle  for  the  pigment.  When  we  came 
to  study  this  subject  we  found  that  the  japans  in  the  market 
were  so  varied  in  quality,  and  their  examination  so  diffi- 
cult, that  we  decided  to  make  a  radical  step  in  the  matter 
of  carriage  paints.  As  has  already  been  said,  our  experi- 
ments indicate  that  the  ratio  of  binding  material  to  pig- 
ment is  what  determines  whether  a  paint  dries  "  flat"  or 
dries  with  gloss,  and  we  accordingly  had  our  Tuscan  red 
ground  with  just  about  enough  oil,  so  that  there  will  never 
be  any  difficulty   about  the   color  being    '*  flat."     This 

*  In  view  of  the  vast  number  of  coal-tar  products  now  available,  whose 
properties  are  not  yet  definitely  known,  it  has  been  deemed  advisable,  for  the 
present  at  least,  to  ask  those  desiring  to  use  any  organic  coloring  matter  as  a 
constituent  of  Tuscan  red,  to  submit  a  sample  of  the  same,  and  receive  ap- 
proval for  its  use.  This  does  not  mean  that  each  new  lot  of  organic  coloring 
matter  obtained  by  the  manufacturers  must  be  approved,  but  that  the  kind  of 
organic  coloring  matter  used  must  be  approved,  and  no  change  must  be  made 
in  the  organic  coloring  matter  that  has  been  once  approved,  unless  authority 
to  do  so  is  ^ven  by  this  Company, 
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amount,  however,  is  so  small  that  it  is  impossible  to  get  the 
pigment  through  the  mill  with  the  oil  alone,  and  accordingly 
turpentine  is  added  in  order  to  make  the  material  grind. 
This  use  of  oil  in  place  of  japan  requires  some  special 
arrangements  in  the  mixing  of  the  paint,  and  these  arrange- 
ments are  covered  by  the  circular  given  below.  As  said 
above,  very  few  difficulties  have  thus  far  arisen  with  re- 
gard to  this  paint,  although  many  of  the  painters  are  so 
accustomed  to  the  use  of  material  ground  in  japan  that 
they  still  prefer  it.  Of  course  they  use  the  material  ac- 
cording to  specifications. 

tn  a  large  system  like  the  Pennsylvania  Railroad,  where 
shops  are  supplied  from  different  portions  of  the  country 
and  by  different  manufacturers,  it  was  believed  that  it 
would  be  practically  impossible  to  get  uniformity  of  shade 
if  the  shipments  were  ground  in  japan.  Moreover,  for  the 
same  shop  supplied  by  two  different  makers  the  successive 
shipments  differ  a  little  in  proportions  and  kind  of  japan, 
and  consequently  with  each  new  shipment  a  new  method 
of  manipulation  must  be  learned  in  the  shop.  These  diffi- 
culties have  been  largely  obviated,  it  is  believed,  by  the 
standard-specifications,  and  now  a  shipment  of  Tuscan 
red  anywhere  on  the  whole  system  is,  within  reasonable 
limits,  the  same  thing. 

The  same  remarks  made  use  of  in  the  last  article,  in 
speaking  of  freight  car  color,  apply  equally  well  to  the 
oil  used  in  grinding  Tuscan  red — namely,  new  process  oil 
is  preferred,  because  it  is  more  apt  to  be  free  from 
mucilaginous  matter.  Thus  far  no  dilficulties  have  arisen 
over  the  quality  of  turpentine  used,  and  although  the  speci- 
fications require  turpentine  as  free  as  possible  from  resin- 
ous matter,  there  are  some  unworked-out  problems  in  re- 
gard to  the  influence  of  rosin  or  pitch  in  turpentine  which 
we  are  hardly  able  at  present  to  give  any  definite  informa- 
tion upon.  Some  painters  prefer  what  is  known  as  rather 
"  fat"  turpentine,  which  means  turpentine  which  has  oxi- 
dized somewhat,  or  which  contains  Some  pitchy  matter. 
In  order  to  get  the  conditions  as  uniform  as  possible  with 
successive  shipments,  we  have  tried  to  have  this  material 
excluded. 

It  will  be  observed  that  in  this  pigment  quite  a  contrary 
view  is  taken  than  was  maintained  in  regard  to  freight 
car  color — namely,  as  much  as  possible  of  the  pigment  is 
coloring  matter,  and  as  little  as  possible  is  inert  material. 
This  is  believed  to  be  entirely  philosophic,  and  to  have 
good  reasoning  back  of  it.  In  freight  car  color  the  inert 
material  is  used  in  order  to  increase  the  volume  of  pig- 
ment in  the  paint,  and  thus  add  to  the  durability,  and  also 
because  inert  material  is  usually  cheaper  and  more  durable 
than  the  specific  colors  ;  so  enough  coloring  matter  is 
used  fo  give  the  desired  shade,  and  the  rest  of  the  pigment 
is  made  of  inert  material.  Not  so,  however,  ^\\.\i  passen- 
ger car  color.  Here  the  color  is  the  only  thing  wanted, 
since  we  do  not  at  all  rely  on  the  Tuscan  red  to  protect  the 
surface.  The  protection  is  obtained  from  the  varnish, 
which  is  put  on  over  the  color,  and,  as  is  well  known  by 
every  practical  railroad  man,  when  the  varnish  has  gone 
the  color  is  of  little  account.  In  brief,  in  passenger  car 
painting,  as  in  carriage  painting  in  general,  the  color  de- 
sired is  put  on  to  the  prepared  surface  and  is  covered  and 
protected  from  the  weather  by  a  special  liquid  called  var- 
nish, so  that  the  necessity  and  desirability  of  inert  material 
does  not  exist.  Accordingly  we  make  our  passenger  car 
color  as  high  in  coloring  matter  as  possible.  The  material 
is  usually  applied  in  very  dilute  form,  giving  very  thin 
coats,  and  these  coats  follow  one  another  rapidly.  The 
object  of  this  is  to  get  the  surface  well  covered  with  color, 
and  at  the  same  time  not  have  it  too  long  in  drying,  it 
being  found  that  three  thin  coats  dry  much  more  rapidly 
than  two  thick  coats. 

We  have  some  experiments  with  passenger  car  color 
low  in  coloring  matter.  These  show  that  three  thin  coats 
of  such  paint  very  frequently  give  a  streaked  job,  owing  to 
the  scarcity  of  the  coloring  matter,  and  to  such  an  extent 
is  this  the  case  that,  many  of  the  Tuscan  reds  of  the 
market,  which  are  quite  largely  diluted  with  inert 
material,  cannot  be  used  successfully  with  the  practice 
which  prevails  in  the  Pennsylvania  Railroad  Shops — 
namely,  of  using  three  thin  coats  of  color. 

The  special  shade  of  Tuscan  red  is  usually  obtained  by 


taking  Indian  red  and  brightening  it  with  some  organic 
coloring  matter.  Ttie  organic  coloring  matter  most  fre- 
quently used  is  what  is  known  in  the  market  as  chatemuc, 
or  wood  lake,  which,  as  we  understand  it,  is  an  extract 
of  dye  woods  of  various  kinds  precipitated  with  alumina 
or  tin  salt,  the  tin  salt  giving  the  preferable  pigment.  Ind- 
ian red,  as  is  well  known,  is  largely  sesquioxide  of  iron, 
and  it  is  only  necessary  in  making  the  P.  R.  R.  Tuscan 
Red  to  take  a  good  rich  Indian  red  and  add  the  proper 
amount  and  kind  of  wood  lake.  Other  coloring  matters 
are,  however,  approved  for  use,  notably  the  alizarin  lake, 
which  may  be  quite  easily  obtained  in  the  market.  Car- 
vtine  lake  and  Jiiadder  lake  are  both  moderately  ex- 
pensive, and  apparently  the  amount  required  is  so  great  of 
these  materials  as  to  make  their  use  almost  prohibitory  in 
view  of  the  price.  We  are,  of  course,  constantly  experi- 
menting with  new  coloring  matters,  and  stand  ready  at 
any  time  to  approve  any  new  coloring  matter  which  seems 
to  have  a  fair  amount  of  durability  in  it.  Meanwhile,  we 
are  obtaining  such  material  as  is  needed  by  the  use  of 
chatemuc  and  alizarin  lakes. 

The  same  remarks  made  use  of  in  the  last  article  on 
freight  car  color,  in  regard  to  shade,  apply  equally  to 
Tuscan  red.  Practically,  we  do  not  find  absolute  Uni- 
formity in  successive  shipments  from  the  same  makers, 
nor  in  shipments  of  the  same  material  from  different  mak- 
ers. The  shades,  however,  are  sufficiently  near  to  identity, 
so  that  two  cars  painted  with  different  shipments  from  the 
same  manufacturer,  or  with  shipments  from  different  mak- 
ers, standing  side  by  side  would  hardly  have  difference 
enough  in  shade  to  excite  attention.  Until  our  specifica- 
tions were  issued  this  was  certainly  not  true,  as  cars  from 
different  shops  supplied  by  different  makers  frequently 
showed  wide  differences  in  color. 

The  test  for  fine  grinding  of  Tuscan  red  is  the  same  as 
that  made  use  of  in  freight  car  color,  except  the  propor- 
tions are  different.  The  limits  toward  the  bottom  of  the 
specifications  which  decide  for  what  causes  shipments  will 
be  rejected  are  perhaps  clear  and  easily  understood.  No 
upper  limit  of  amount  of  pigment  is  given,  as,  if  the  limit 
of  oil  is  followed,  it  is  immaterial  to  us  how  much  pig- 
ment is  used,  and  the  necessities  of  grinding  are  usually 
what  limit  the  amount  of  pigment. 

The  limits  of  oil  in  the  specifications  are  from  8  to  12^ 
per  cent.,  and  thus  far  we  have  had  no  occasion  to  com- 
plain of  shipments  varying  outside  these  limits.  The  tur- 
pentine, of  course,  fills  out  the  100  per  cent,  after  the  pro- 
portions of  pigment  and  oil  are  specified,  and  we  put  no 
limit  on  this,  allowing  each  maker  to  use  whatever  he 
might  find  necessary  in  order  to  get  the  pigment  through 
the  mill,  except  that  the  pigment  and  oil  limits  must  be 
filled.  The  reason  why  we  prefer  the  raw  oil  instead  of 
boiled  oil  will  be  given  when  we  come  to  finish  up  the  dis- 
cussion of  the  question,  "  How  to  Design  a  Paint,"  since  it 
properly  comes  in  that  article,  under  the  heading,  "  What 
Liquid  Shall  be  Used  ?" 

The  reason  for  the  use  of  carbonate  of  lime  in  Tuscan 
red  is  exactly  the  same  as  with  freight  car  color — namely, 
much  of  the  Indian  red  is  or  may  be  made  by  the  ignition 
^f  sulphate  of  iron,  and  it  is  possible  not  all  the  acid  is 
driven  off,  and  our  experience,  as  has  been  previously 
stated,  indicates  that  a  little  carbonate  of  lime  facilitates 
drying.  The  kind  of  organic  coloring  matter  has  already 
been  discussed,  and  we  will  only  add  here  that  there  are 
such  a  large  number  of  reds  made  with  some  of  the  coal- 
tar  products  as  a  basis  which  are  fugitive,  that  we  have 
felt  compelled  to  protect  ourselves  against  these  by  the  re- 
quirement that  we  must  he  furnished  with  a  sample,  and 
have  a  chance  to  test  any  new  organic  coloring  matter 
that  it  is  proposed  to  use  in  this  paint. 

The  instructions  for  mixing  Tuscan  red  are  as  follows  : 

rENNSVI.VANIA    RAILROAD    COMPANY. 
Motive  Po-iver  Departvient. 

Xo.  84. — Instructions  in  /\e}rarJ  to  Mixing  Tuscan  Ktd  for 
Passenger  Car  Color.  Superseding  Circular  issued  July  23, 
1890. 

The  Tuscan  red  heretofore  used  has  been  almost  universally 
ground  in  japan.  This  practice  will  be  abandoned,  for  all  Tus- 
can red  purchased  in  accordance  with  the  P.  R.  R.  Standard 
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Specifications,  and  the  Tuscan  red  furnished  will  be  ground 
instead  in  oil  and  turpentine.  This  change  in  the  composition 
of  the  paste  will  necessitate  some  changes  in  the  method  of 
mixing.  The  following  formula  is  found  to  work  satisfactorily 
at  the  Altoona  Car  Shops  : 

Tuscan  Red  (P.  R.  R.  Specifications) lo   lbs. 

Coach  Makers'  Japan = ; >*> 2^  pints. 

Rubbing  Varnish ..     i^     " 

Spirits  Turpentine 5 

There  is  some  difference  in  the  japans  in  the  market,  and  it 
is  also  probable  different  localities  require  different  proportions 
in  order  to  secure  satisfactory  drying,  and  proper  results  when 
the  varnish  is  applied.  Each  shop  is  therefore  allowed  a  cer- 
tain amount  of  discretion  in  proportions  according  to  the  japan 
used  and  the  locality  in  which  it  is  situated. 

In  matching  old  and  faded  color,  it  is  of  course  expected  the 
standard  Tuscan  red  will  be  toned  with  other  materials  to 
secure  the  shade.  Two  parts  burnt  and  one  part  raw  Sienna, 
with  a  trace  of  raw  umber,  when  mixed  with  an  equal  weight 
of  P.  R.  R.  Standard  Tuscan  Red  are  found  to  approximate  the 
color  of  Standard  Tuscan  Red  that  has  been  exposed  to  the 
weather  for  six  to  eight  months. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 

Office  of  General  Superintendent  Motive  Power,  Altoona,  Fa,, 

April  23.  iSgl. 

It  will  be  observed  that  these  instructions  have  just  been 
issued.  The  first  edition,  which  was  issued  when  the 
Tuscan  red  specifications  were  printed  some  nine  months 
ago,  were  practically  the  same,  except  that  no  varnish 
was  used,  but  it  was  found  that  some  of  the  shipments  of 
Tuscan  red  did  not  have  quite  binding  material  enough  on 
the  old  formula,  and  accordingly  a  new  formula  was 
given.  As  is  indicated  in  the  instructions,  considerable 
latitude  is  allowed  to  the  different  shops  in  this  mixing, 
depending  on  the  locality  and  on  the  different  kinds  of 
japan  used.  Recently  our  attention  has  been  called  to 
another  peculiarity — namely,  that  a  formula  which  works 
nicely  with  shipments  from  one  manufacturer  may  not 
work  with  shipments  from  another  manufacturer,  although 
both  shipments  pass  the  requirements  of  our  specifica- 
tions. We  are  not  yet  fully  prepared  to  explain  this 
anomaly,  but  we  are  inclined  to  think  it  has  something  to 
do  with  the  kind  of  organic  coloring  matter  used,  and  also 
possibly  that  the  fineness  of  the  pigment  exerts  an  impor- 
tant induence.  All  our  experiments  indicate  that  the  finer 
the  pigment  the  more  binding  material  is  required,  and 
although  our  specifications  give  a  test  for  fine  grinding, 
they  do  not  say  that  shipments  shall  not  be  finer  than  this 
test  will  admit  of,  so  that  if  shipments  are  received  from 
two  different  manufacturers,  and  one  of  them  just  passes 
test  for  fine  grinding  and  the  other  is  a  great  deal  finer,  it 
will  undoubtedly  be  found  in  the  use  of  these  materials 
that  the  finer  will  require  more  binding  material. 

The  chemical  operations  involved  in  the  analysis  of  Tus- 
can red  present  no  special  points  of  difficulty.  The  oil  and 
pigment  are  separated  by  means  of  gasoline,  the  pigment 
being  washed  with  more  gasoline  two  or  three  times  by  de- 
cantation.  The  gasoline  is  evaporated,  leaving  the  oil  for 
subsequent  test.  We  use  Maumene's  and  other  tests  for 
determining  the  purity  of  the  oil.  Of  course,  the  weights 
of  the  separated  oil  and  pigment  are  taken.  The  amount 
of  oxide  of  iron  in  the  pigment  is  determined  in  the 
volumetric  way  by  means  of  permanganate  of  potash,  or 
standard  bichromate  of  potash.  The  details  are  entirely 
familiar  to  every  chemist,  and  do  not  need  special  remark. 
The  carbonate  of  lime  is  determined  by  taking  a  definite 
weight  of  separated  pigment  and  determining  carbonic 
acid  by  loss,  calculating  this  as  carbonate  of  lime.  The 
method  is  not  entirely  free  from  objection,  but  will  give  re- 
sults with  careful  manipulation  within  a  small  fraction  of 
error.  The  amount  of  water  present  in  Tuscan  red  is  de- 
termined by  taking  a  weighed  portion  of  the  original  paste 
and  adding  to  it  a  weighed  amount  of  dehydrated  sulphate 
of  copper.  Another  portion,  same  amount  of  the  paste 
is  weighed  out,  and  no  sulphate  of  copper  added.  Both 
the  portions  are  then  treated  with  gasoline,  and  the  oil  sep- 
arated completely.  The  material  remaining  behind  in 
the  flask  is  then  dried  by  aspirating  dry  air  through  the 
fiasks,  and  both  flasks  with  their  contents  are  then  weighed. 
The  water,  if  any  is  present,  passes  off  during  the  aspira- 


tion through  the  flask  which  contains  no  sulphate  of  cop- 
per, while  the  water,  if  any  is  present  in  the  flask  contain- 
ing the  anhydrous  sulphate  of  copper,  is  retained  by  the 
sulphate  of  copper,  and  increases  the  weight.  The  in- 
crease in  weight,  of  course,  shows  the  amount  of  water. 
This  method  gives  fairly  satisfactory  results,  and  is  per- 
haps accurate  to  0.10  or  0.20  per  cent.  The  method  for 
distinguishing  the  various  organic  coloring  matters  pres- 
ent in  the  Tuscan  red  may  be  found  described  somewhat 
at  length  in  special  treatises  on  this  subject.  We  are 
using  partially  methods  which  we  ourselves  have  devised, 
and  partially  well-known  methods  given  in  the  treatises. 
These  methods  are  somewhat  lengthy  of  description,  and 
would  perhaps  hardly  be  worth  the  space  they  would  oc- 
cupy in  this  series. 

XVIII.— THE   LIVERING   OF    PAINT. 

From  time  immemorial  all  painters  have  occasionally 
been  annoyed  by  finding  a  bucket  of  paint  which  had  been 
mixed  up  ready  for  spreading  over  night,  so  thick  the  next 
morning  that  it  could  not  be  used.  The  material  in  the 
bucket  could  be  cut  out  in  lumps  and  looked  like  liver, 
and  consequently  this  behavior  has  received  the  name  of 

*'  livering."  The  peculiarity  is  too  well  known  to  require 
further  description.  The  causes  which  have  been 
assigned  for  this  remarkable  behavior  have  been  ver)' 
numerous,  and  its  erratic  and  puzzling  occurrences  have 
led  many  to  regard  it  as  one  of  the  unsolved  and  unsolv- 
able  mysteries  of  paiirting. 

Studies  on  this  subject  in  the  Pennsylvania  Railroad 
Laboratory,  some  two  or  three  years  ago,  indicated  that 
this  peculiarity  was  related  in  some  way  to  the  water  chem- 
ically combined  with  the  sulphate  of  lime  in  the  pigment, 
and  in  the   specifications   issued    March   25,    1887,  an  at- 
tempt was  made  to  overcome  the  difficulty   by   having 
the  "pigment  dried  at  250°  Fahrenheit.     This  drying  at 
250^  Fahrenheit  removed  a  portion  of  the  water  chemi- 
cally combined    with   the   sulphate  of   lime   in   the   pig- 
ment,   and    proved    an    effectual    remedy    for    livering, 
provided  the  paint  mixed  with  large  amounts  of  strong 
japan  was  not  allowed  to  stand  over  24  to  36  hours.     But 
with  paints  mixed  ready  for  use  of  course  much  longer 
time  is  necessary  between  the  mixing  and  the  spreading, 
and  on  attempting  to  make  some  ready  mixed  paint  the 
old  difficulty  appeared.     This  has  led  to  renewed  study  of 
the  subject,  which  study  indicated  as  follows  :  Gypsum,  or 
hydrated   sulphate   of   lime,    contains   two   molecules   of 
water.     When  this  material  is  heated  to  the  proper  tem- 
perature more  or  less  of  this  water  is  driven  off.     In  this 
condition  the  sulphate  of  lime  is  known  as  plaster  of  Paris, 
which  is  one  of  the  well-known  commercial  forms  of  the 
article,  and  the  form  in  which  some  of  it  finds  its  way  into 
paint.     Still  further,  Venetian  red  made  by  modern  meth- 
ods contains  a  large  amount  of  sulphate  of  lime,  which, 
since  it  has  been  retorted,  may  have  only  a  small  portion 
of  the  water  necessary  to  form  gypsum  or  fully  hydrated 
sulphate  of  lime.     If  now,  as  is  well  known,  either  dry 
plaster  of  Paris,  or  plaster  of  Paris  mixed  with  iron  oxide 
or  other  pigment,  or  dry  Venetian  red  not  fully  hyhrated, 
or  the  same  Venetian  red  mixed  with  other  pigments,  or 
a  mixture  of  dry  plaster  of  Paris,  iron  oxide  and  Venetian 
red,  such  as  is  frequently  used  in  making  the  Pennsylvania 
Railroad    shade  of    freight  car  color,   are  treated    with 
water,  the  sulphate  of  lime  takes  up  water  and  sets,  the 
hardness  of  the  setting  being  proportional  to  the  amount 
of  not  fully  hydrated  sulphate  of  lime  present  before  treat- 
ment with  water.     This  has  been  proved  by  repeated  ex- 
periments, and  it  seems  safe  to  conclude  in  general  that  if 
a  pigment  containing  sulphate  of  lime  not  fully  hydrated 
can  get  water  from  any  source  there  will  always  be  a  ten- 
dency for  it  to  assume  a  more  or  less  solid  form. 

Turning  now  to  such  pigment  as  is  above  described 
mixed  with  oil  and  japan,  Midder  has  suggested  that  dur- 
ing the  drying  of  linseed-oil  water  is  formed  and  given  off 
— a  fact  which  helps  to  explain  the  slow  drying  of  paint  in 
damp  weather.  The  atmosphere,  being  nearly  saturated 
with  moisture  in  damp  weather,  does  not  as  readily  take  up 
the  water  formed  during  the  drying  of  the  oil,  and  the  get- 
ting rid  of  the  water  formed  being  an  essential  to  drying. 
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the  operation  is  retarded.  Furthermore,  it  is  possible  the 
same  thing  is  true  with  regard  to  linseed-oil  containing 
japan — viz.,  water  is  formed  during  the  drying,  and  some 
believe  that  when  large  amounts  ot  strong  japan  arc  mixed 
with  linseed-oil  water  is  immediately  formed  throughout 
the  mass  by  reaction  between  the  japan  and  oil.  If  now 
there  is  pigment  present  containing  more  or  less  sulphate 
of  lime  not  fully  hydrated,  this  sulphate  of  lime  takes  up 
the  water  as  it  is  gradually  formed,  with  the  consequent 
tendency  to  set.  The  presence  of  the  oil  and  japan  of 
course  prevents  the  material  from  setting  to  a  hard  stony 
mass,  as  when  only  pigment  and  water  are  present,  but, 
as  is  well  known,  livered  paint  is  not  a  hard  mass,  the 
liver  being  more  or  less  hard,  apparently  in  proportion  to 
the  amount  of  sulphate  ot  lime  which  gets  water  present  in 
the  paint.  According  to  this  explanation,  therefore,  liver- 
ing  is  the  setting  of  the  sulphate  of  lime  in  the  pigment 
as  far  as  is  possible  for  it  to  do  so  under  the  circum- 
stances, the  water  necessary  being  in  most  cases  furnished 
by  the  reaction  between  the  oil  and  japan  in  the  mixed 
paint.  Of  course  a  wet  bucket,  or  water  accidentally  in- 
troduced, will  produce  the  same  result.  If  the  above 
reasoning  is  correct  there  will  be  no  livering  if  the  sul- 
phate of  lime  is  in  such  a  condition  that  it  does  not  take 


sion  by  the  grinding.  The  easiest  method  of  determining 
how  much  water  is  required  to  fully  hydrate  the  pigment 
is  to  weigh  out  one-half  ounce  of  it,  and  put  it  in  any  con- 
venient vessel  in  a  thin  layer.  Then  sprinkle  it  thorougl.ly 
with  water,  and  allow  it  to  stand  over  night,  until  all  the 
water  evaporates.  The  increase  in  weight  will  show  ap- 
proximately how  much  water  is  required.  It  will  be  ob- 
served that  our  specifications  for  freight  car  color  allow 
for  an  excess  of  2  per  cent,  of  water  over  what  is  neces- 
sary to  fully  hydrate  the  pigment,  and  the  specifications 
for  Tuscan  red  allow  an  excess  of  5  per  cent.  These  lim- 
its, of  course,  must  not  be  exceeded,  but  it  is  not  objection- 
able to  have  a  small  amount  of  water  present  in  the  paste 
when  shipped. 

The  explanation  given  above  of  the  philosophy  of  livering 
of  paint  has  been  criticised  somewhat  by  parties  to  whom 
the  information  was  communicated,  but  no  other  informa- 
tion  has  been  suggested  which  would  account  for  the  facts. 
The  main  criticism  was  that  other  pigments  than  those 
containing  sulphate  of  lime  would  occasionally  liver, 
notably  white  zinc,  and  possibly  one  or  two  other  sub- 
stances. We  made  experiments  with  white  zinc,  and  found 
that  when  dry,  white  zinc  was  mixed  with  water  and  the 
water  allowed  to  evaporate,  the  white  ziic  caked  and  be- 
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up  water,  or  if  the  amount  of  water  furnished  is  too  small 
to  cause  the  material  to  set.  This  latter  alternative  ex- 
plains why  pigment  dried  at  250°  Fahrenheit  does  not  liver 
in  24  to  36  hours — viz.,  not  enough  water  is  formed  during 
that  time  by  the  reaction  between  the  oil  and  japan  to 
cause  the  change  to  take  place.  But,  as  already  stated, 
drying  the  pigment  does  not,  in  general,  prevent  the  diffi- 
culty tor  a  longer  time  than  this. 

Two  other  methods  of  securing  the  desired  end  present 
themselves — viz.  :  (i)  It  is  claimed  that  if  sulphate  of  lime 
is  heated  to  or  above  a  red  heat,  it  will  not  again  take  up 
water.  To  do  this,  however,  is  both  expensive  and  uncertain, 
as  it  is  well  known  that  there  are  certain  substances  which 
might  occur  as  impurities  in  the  pigment  that  would  make 
sulphate  of  lime  capable  of  enduring  red  heat  without  los- 
ing its  power  of  taking  up  water  and  setting.  (2)  It  is 
obvious,  provided  the  explanations  above  given  are  cor- 
rect, that  if  the  sulphate.of  lime  in  a  pigment  has  taken 
up  all  the  water  it  requires  before  the  pigment  is  ground 
with  oil  there  will  be  no  further  trouble  from  livering 
when  the  paint  is  mixed  ready  for  use,  and  this  view  of  the 
case  is  confirmed  by  many  experiments.  The  hydration 
of  the  pigment  being  simple  and  inexpensive,  we  have  ac- 
cordingly decided  to  ask  in  our  specifications  for  a  pigment 
in  which  the  sulphate  of  lime  is  fully  hydrated. 

As  the  result  of  considerable  experimentation,  a  suc- 
cessful method  of  introducing  the  water  has  been  found, 
which  is  as  follows  :  Weigh  or  measure  into  the  chaser 
the  amount  of  oil  required  for  the  batch  of  paint  that  is  to 
be  made.  Add  to  this  the  amount  of  water  required  to 
fully  hydrate  the  pigment,  and  start  the  chaser  in  operation. 
An  emulsion  is  formed  between  the  water  and  oil.  Now 
add  the  carbonate  of  lime  required  for  th6  batch  of  paint, 
keeping  the  chaser  in  operation  all  the  time,  and  then  add 
in  any  convenient  way — probably  best  by  the  shovelful! — 
the  balance  of  the  pigment.  By  this  method  the  water  and 
the  carbonate  of  lime  are  uniformly  mixed  throughout  the 
whole  mass  of  paint,  and  no  hard  lumps  of  pigment  are 
formed,  to  be  subsequently  reduced  to  a  fine  state  of  divi- 


came  very  hard.  It  would  seem,  therefore,  that  the  pres- 
ence of  water  would  explain  the  livering  of  white  zinc  in 
the  same  way  that  it  explains  the  livering  where  sulphate 
•f  lime  is  present.  We  are  quite  well  aware  that  red  lead 
sets  very  hard  in  a  bucket  when  mixed  with  oil,  and  this 
may  be  regarded  as  a  species  of  livering.  We  do  not, 
however,  regard  this  as  being  explained  in  the  same  way. 

The  philosophy  of  the  setting  of  red  lead  is,  we  think, 
due  to  chemical  reaction  between  the  oil  and  the  lead, 
although  we  have  not  made  experiments  enough  to  posi- 
tively say  this  is  the  case.  With  red  lead  two  chemical 
reactions  are  possible — namely,  a  combination  between  the 
litharge  of  the  red  lead  and  the  glycerine  of  the  oil,  and 
also  a  combination  between  the  litharge  and  the  fat  acids 
of  the  oil,  resulting  in  the  formation  of  lead  soap.  It  is 
well  known  that  glycerine  and  red  lead  make  a  very  good 
hard  cement,  and  also  it  is  well  known  that  lead  soap  is 
in  itself  quite  a  firm  substance,  so  that  it  is  possible  both 
these  reactions  may  take  place,  and  if  so  they  would  ex- 
plain the  setting  of  red  lead.  It  is  possible,  still  further, 
that  the  livering  of  white  zinc  may  be  due  or  assisted  by 
chemical  reaction  between  the  oil  and  the  zinc,  since  we 
find  by  actual  experiment  that  white  zinc  combines  with 
the  free  fat  acid  in  linseed-oil  quite  readily,  even  at  ordi- 
nary temperatures,  forming  a  zinc  soap  which  would  have 
a  tendency  to  stiffen  the  mixed  paint. 

In  the  next  article  we  hope  to  discuss  the  deferred  ques- 
tion. 

(to  be  continued.) 
« 
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The  coast  defense  ship  Monterey  was  successfully 
launched  from  the  yard  of  the  Union  Iron  Works,  in  San 
Francisco,  on  April  28.  The  President  of  the  United  States 
was  present  at  the  launch.  This  ship  has  been  heretofore 
described,  but,  as  some  changes  have  been  made  since  the 
plans  were  first  published,  and  as  a  matter  of  convenience, 
a  condensed  description  is  given  herewith. 


i; 


Vol.  LXV,  No.  6.] 


£HGIN££RIKG    journal. 


255 


The  general  dimensions  are  :  Length  over  all,  261  ft.  ; 
length  on  load  water-line,  256  ft.  ;  extreme  breadth,  59 
ft.  ;  mean  draft,  14  ft.  6  in.  ;  displacement,  4,000  tons. 
The  ship  is  of  the  monitor  type,  with  very  low  freeboard, 
but  differs  from  the  monitors  in  having  a  central  barbette. 

The  main  battery  will  consist  of  two  12-in.  breech-load- 
ing rifles  mounted  in  the  turret  at  the  forward  end  of  the 
barbeite,  and  protected  by  13-in.  steel  armor,  and  two 
10  in.  breech-loading  rifles 
mounted  in  the  turret  at  the 
after  end  of  the  barbette,  pro- 
tected by  ii;^-in.  steel  armor. 
Tlie  secondary  battery  includes 
six  6  pdr.  and  two  i-pdr.  rapid- 
fire  guns,  and  four  37-mm. 
Hotchkiss  revolving  cannon. 

The  hull  of  the  ship  is  very 
strongly  constructed  through- 
out, and  the  bow  is  ram-shaped, 
and  especially  strengthened  for 
ramming.  The  hull  is  protected 
by  a  belt  of  steel  armor  extend- 
ing the  entire  length  of  the  ves- 
sel, varying  from  13  in.  amid- 
ships to  8  in.  and  6  in.  at  the 
ends.  She  has  an  armored  deck 
3  in.  thick  covering  the  engines 
and  other  machinery.  The  con- 
ning-tower,  barbette  and  other 
parts  are  protected  by  heavy 
armor.  The  military  mast  has 
two  tops,  one  carrying  two  re- 
volving cannon  and  the  other  the 
electric  search-light. 

The  engines  are  expected  to 
work  up  to  5,400  H.P.,  and  to 
give  the  ship  an  extreme  speed 
of  16  knots  an  hour.  There  are 
twin  screws,  each  driven  by  a 
separate  engine,  and  the  boilers 
and  engines  are  carefully  pro- 
tected. 


cold  storage  room,  to  run  the  steering  apparatus,  hoist 
ammunition,  and  for  other  minor  purposes. 

GUNS   AND   ARMOR.  >'^ 

The  Ordnance  Bureau  of  the  Navy  Department  has 
been  making  some  tests  of  one  of  the  new  lo-in.  rifled 
guns  built  for  the  double-turret  monitor  Miantonomoh. 
The  tests  were  made  at  the  new  proving-ground  at  Ind- 


H 
t«l 

> 


o 

C/3 

O 

CO 


O 

JO 


t*J 


H 

JO 
po 
O 

JO 


THE  AIR  COMPRESSORS  FOR  THE 
"  TERROR." 

The  accompanying  illustra- 
tion shows  an  air  compressor  ol 
very  compact  type  built  for  the 
monitor  Terror  by  the  Norwalk 
Iron  Works  Company,  at  South 
Norwalk,  Conn.  There  are  two 
of  these  compressors,  each  of 
the  same  size,  and  they  are  now 
completed  and  being  put  into  the 
ship. 

Each  compressor  is  of  250 
H.P.  The  intake  air  cylinder  IS 
28  in.  in  diameter,  and  the  com- 
pressing cylinder  I7>^  in.  The 
ordinary  pressure  will  be  from 
100  to  150  lbs.,  but  there  is  a 
supplemental  cylinder  by  which 
the  pressure  can  be  carried  to 
2.000  lbs.  if  needed  for  torpedo 
or  other  service.  The  machines 
being  for  ship  service,  are  ne- 
cessarily made  in  compact  form, 
and  are  only  14  ft.  4  in.  long  and 
8  ft.  4  in,  wide. 

The  Terror  has  four  10-in. 
breech-loading  rifled  guns,  and 
the  entire  service  of  loading  and 
elevating  the  guns,  turning  the 
turrets,  taking  up  the  recoil  and 
bringing   the  guns   again    into 

battery  will  be  done  by  compressed  air.  The  advocates 
of  this  method  claim  that  by  reason  of  its  great  elasticity 
the  air  will  do  this  work  with  less  strain  on  the  vessel 
than  when  hydraulic  power  is  used. 

The  compressed  air  will  also  be  used  to  refrigerate  a 


ian  Head,  on  the  Potomac.  In  the  heaviest  charge  this 
gun  used  239  lbs.  of  powder,  giving  a  pressure  of  15 
tons,  while  the  projectile  had  a  muzzle  velocity  of  2,n6 
ft.  per  second.  This  is  the  best  result  obtained  so  far 
with  this  class  of  guns.    The  fourth  lo-in.  gun  for  the 
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same  ship  is  about  finished  at  the  Washington  Navy  Yard, 
and  will  shortly  be  taken  to  the  proving-ground  for  test. 

The  Board  appointed  by  the  Secretary  of  the  Navy 
some  time  ago  to  consider  the  best  methods  of  fitting 
armor  to  ships  has  made  an  elaborate  report  accompa- 
nied by  a  number  of  drawings.  This  board  consisted  of 
Naval  Constructors  Phillip  Hichborn  and  J.  J.  Wood- 
ward, and  Professor  R.  R.  Alger.  Among  the  points 
considered  in  the  report  are  the  design  of  the  bolts  in- 
tended to  secure  the  armor,  for  which  it  is  proposed  to  use 
a  thread  of  a  new  pattern.  Other  points  are,  the  best 
method  of  handling  the  plates  by  floating  derricks  in  the 
case  of  ships  in  the  water,  or  by  stationary  cranes  or 
derricks  for  it  in  dock,  and  portable  cranes  for  handling 
plates  in  places  difficult  to  reach  by  the  larger  cranes. 
Plans  for  holding  the  plates  are  also  suggested.  For 
drilling  the  hulls  through  the  back  and  into  the  plates  the 
Board  recommends  the  use  of  portable  drills  run  by  elec- 
tric motors,  which  can  be  carried  anywhere. 


STOPPING  A  COFFER  DAM  LEAK. 


A  LETTER  from  Colonel  O.  M.  Poe,  U.  S.  Engineers,  to 
the  Cleveland  Marine  Review,  gives  an  interesting  account 
of  the  boring  and  ramming  process  by  which  the  recent 
leak  in  the  coffer-dam  at  the  Sault  Ste.  Marie  Canal  was 
found  and  stopped.     The  letter  says  : 

The  coffer-dam  referred  to  consists  of  a  clay  wall  hav- 
ing a  minimum  thickness  of  8  ft.  This  clay  wall  is  sup- 
ported on  each  side  by  a  line  of  ci  ib-work  filled  with  stone, 
and  therefore  pervious  to  water.  A  portion  of  the  dam 
extends  from  the  west  end  of  the  north  wall  of  the  present 
lock  up-stream  along  the  middle  of  the  canal  for  about  580 
ft.,  and  then  turns  squarely  into  the  north  bank  of  the 
canal.  The  leak  occurred  about  100  ft.  east  of  where  this 
turn  is  made,  and  was  situated  entirely  beneath  the  crib- 
work,  the  bottom  of  which,  at  the  site  of  the  leak,  was 
22j^  ft.  below  the  surface  of  the  water  in  the  canal.  The 
crib-work  was  not  disturbed.  At  the  deepest  point  the 
leak  was  at  least  four  feet  below  the  bottom  of  the  crib, 
therefore  265^  ft.  below  the  level  of  the  water  in  the  canal, 
or  about  9  ft.  lower  than  the  level  of  the  water  in  the 
river  below  the  lock. 

The  rush  of  water  underneath  the  dam  was  so  great  that 
bales  of  hay  and  gunny-sacks  filled  with  clay  thrown  into 
the  cavity  were  carried  through.  By  driving  sheet-piling 
on  the  down-stream  side  of  the  space  from  which  the  clay 
wall  had  been  carried  away,  a  sufficient  obstacle  was  es- 
tablished to  prevent  hay  in  bales  and  clay  in  sacks  from 
being  washed  through,  and  after  some  2,000  sacks  of  clay 
had  been  thrown  in  it  became  possible  to  fill  the  gap  with 
loose  cla^.  But  the  leak  still  remained  too  large  for  the 
pumps  to  handle,  and  to  further  reduce  it,  as  well  as  to 
get  something  into  place  more  substantial  than  the  sheet- 
piling  which  had  been  driven  at  first,  timbers  12  in.  square, 
sharpened  to  a  chisel  edge  at  the  lower  end.  and  shod  with 
iron  to  the  extent  of  the  ability  of  the  entire  blacksmith 
force  at  the  Sault  to  manufacture,  were  driven  with  a 
1,900-lbs.  ram  between  the  sheet-piling  and  the  crib-work, 
until  they  could  be  driven  no  further,  when  it  was  assumed 
that  they  were  in  contact  with  the  rock  formation,  and  a 
note  made  of  the  depth  to  which  thev  had  gone.  The 
clay  wall  was  then  loaded  with  heavy  piles  of  stone  to 
compress  it,  and  the  result  was  a  reduction  of  the  leak  to 
such  a  degree  as  to  bring  it  easily  within  the  control  of  the 
pumps,  and  nineteen  days  after  the  break  the  lock-pit  was 
again  empty  of  water.  The  volume  of  water  in  the  pit 
was  about  45,000,000  gallons,  and  this,  in  addition  to  the 
leakage,  was  handled  by  the  pumps  in  less  than  seven 
days. 

Although  the  pumping  caoacity  available  was  sufficient 
to  easily  keep  the  lock-pit  empty,  it  was  still  very  desirable 
that  the  leak  should  be  entirely  stopped,  and  it  was  be- 
lieved that  this  could  be  done  very  soon  after  its  exact 
location  was  ascertained.  To  find  the  crevice  in  the  rock 
through  which  the  water  was  passing,  an  iron  rod  was 
driven  down  through  the  clajr  wall,  in  front  of  and  close  to 
the  timbers  already  referred  to,  until  it  would  go  no  fur- 
ther.    The  depth  to  which  it  penetrated  was  compared 


with  the  depth  to  which  the  timber  had  been  driven,  and 
the  proper  notes  were  made  concerning  any  effect  upon 
the  muddiness  of  the  leak.  The  rod  was  then  withdrawn, 
moved  laterally,  an  average  distance  of  8  in,,  and  again 
driven  to  the  rock.  This  operation  was  continued  until  at 
one  place  the  rod  went  'i\  ft.  deeper  than  at  a  distance  of 
8  in.  on  either  side  of  it.  Here  then  was  the  crevice 
sought,  and  the  next  thing  to  be  done  was  to  fill  it  with 
clay  or  other  water-tight  material.  It  was  nearly  30  ft. 
below  the  top  of  the  clay  wall,  and  more  than  26  ft.  below 
the  level  of  the  water  in  the  canal.  It  was  not  practicable 
to  excavate  down  to  it,  and  no  other  mode  than  that  known 
as  "  stock-ramming"  seemed  available  by  which  to  put 
the  clay  "  where  it  would  do  the  most  good." 

Stock-ramming  consists  simply  in  driving  a  tube  of 
requisite  diameter  to  such  depth  that  its  lower  end  will  he 
at  the  point  where  it  is  desired  to  deposit  the  clay  or  other 
impervious  material,  and  then  forcing  such  material 
through  it  in  such  quantity  as  may  be  necessary.  In  this 
particular  case  the  tube  used  is  an  iron  pipe.  An  iron  rod 
is  used  as  a  piston,  and  this  piston  is  driven  down  by  a 
pile-driver,  the  clay  with  which  the  pipe  had  been  filled 
being  forced  out  at  the  lower  end.  When  the  piston  has 
reached  the  lower  end  of  the  pipe  it  is  withdrawn,  the  pipe 
is  again  charged  with  clay,  and  the  operation  of  forcing  it 
out  is  repeated.  This  is  continued  until  the  clay  rammed 
in  forces  upward  the  whole  column  of  clay  above  it, 
when,  as  is  obvious,  the  operation  can  be  carried  no  fur- 
ther. 

The  whole  operation  is  a  simple  one,  and  resembles 
nothing  else  so  much  as  stuffing  sausages,  which,  I  dare 
say,  first  suggested  its  use  many  years  ago. 

The  leak  had  been  stopped  before  the  ice  had  been  got- 
ten out  of  the  canal.  As  soon  as  the  canal  could  be 
cleared  of  ice,  the  movable  dam  was  double-battened,  the 
valves  of  the  lock  were  opened,  and  for  the  first  time  since 
the  completion  of  the  present  lock  the  water  was  drawn  off 
from  that  portion  of  the  canal  below  the  movable  dam. 
More  than  half  the  bottom  was  laid  bare.  The  withdrawal 
of  the  water  from  the  canal  of  course  reduced  the  upward 
pressure  upon  the  clay  wall  of  the  coffer-dam,  and  the 
mass  of  clay,  30  ft.  high,  compressed  under  its  own  weight 
as  much  as  18  in.  in  the  case  of  the  new  clay  put  in  at  the 
site  of  the  leak. 

The  successful  manner  in  which  this  leak  was  dealt  with 
greatly  increases  our  confidence  in  our  ability  to  control 
any  which  may  occur  in  future,  but  it  does  not  remove  our 
anxiety.  That  will  abide  with  us  until  we  no  longer  need 
the  dam.  But  we  regard  the  dam  as  now  better  than  ever 
before,  and  the  experience  gained  will  enable  us,  in  case 
of  any  future  leak,  to  apply  the  most  efficient  remedial  meas- 
ures in  the  shortest  possible  time. 

It  was  never  supposed  that  a  work  like  this  could  be  car- 
ried on,  under  all  the  surrounding  conditions,  without 
great  difficulty  and  many  annoyances.  But  for  the  neces- 
sity of  providing  for  navigation  while  the  new  work  is  in 
progress,  the  work  would  be  simple  enough.  All  the 
trouble  we  have  thus  far  encountered  has  arisen  from  this 
necessity. 


THE  DEVELOPMENT  OF  THE  COMPOUND  SYS 
TEM  IN  LOCOMOTIVES. 


By  M.  a.  Mallet. 


(Paper  read  before  the  Soci6t6  des  Ingenieurs  Civils,  Paris ;  translated 
from  the  French  by  Frederick  Hobart.) 

(.Concluded  frem  page  »o6.) 


OBJECTIONS  TO  THE   COMPOUND  LOCOMOTIVE. 

We  propose  now  to  examine  in  detail  the  different  ob- 
jections which  have  been  and  still  are  presented  against 
the  use  of  double  expansion  in  locomotives.  We  cannot 
do  better  than  to  take  for  a  guide  in  this  task  the  paper  of 
M.  Polonceau,  not  that  we  place  that  eminent  engineer 
among  the  opponents  of  the  new  locomotive,  since  he  has 
always  repelled  such  a  charge,  but  because  we  find  in  his 
work  collected  and  presented  under  a  form  readily  under- 
stood the  different  arguments  by  which  it  has  been  sought 
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to  |)rove  that  the  advantages  claimed  for  the  application  of 
double  expansion  on  railroads  were  either  not  obtained,  or 
if  ihey  were,  were  counterbalanced  by  more  or  less  serious 
inconveniences.  We  will  examine  one  by  one  the  objec- 
tions which  are  successively  presented. 

The  first  is  the  favorite  argument  of  the  opponents  of 
the  compound  locomotive,  and  is  an  objection  to  the  prin- 
ciple. They  say  **  the  service  of  locomotives  is  entirely 
different  from  that  of  stationary  and  marine  engines.  The 
work  of  a  locomotive  varies  continually  ;  but  the  com- 
pound engine  is  especially  economical  for  a  constant  work, 
ami  seems  to  become  less  economical  for  any  work  other 
than  that  for  which  it  has  been  adapted  ;  in  other  words, 
what  is  good  for  the  one  may  perhaps  not  be  good  for  the 
other." 

It  is  difficult  to  find  the  reason  of  the  prejudice  which 
many  people  have  that  the  expansion  in  successive  cylin- 
ders is  not  adapted  to  any  notable  variation  of  power.  It 
is  really  only  a  prejudice,  and  both  theory  and  practice 
agree  in  refuting  this  hypothesis  when  presented  under  a 
general  form.  We  see,  however,  this  objection  always 
brought  forward  before  all  the  others. 

Let  us  then  examine  it  with  some  care. 

We  will  note  first  that  the  case  of  locomotives  and  that 
of  stationary  engines  under  the  conditions  of  hard  and 
variable  work  are  entirely  different.  In  the  stationary  en- 
gine the  speed  of  travel  must  remain  constant  whatever'lhe 
load,  and  it  is  then  the  work  produced  by  a  variable  effort 
at  constant  speed  which  varies.  In  the  locomotive,  on  the 
other  hand, the  speed  changes  continually,  and  in  an  oppo- 
site direction  from  the  effort  of  traction,  which  is  changed 
from  one  instant  to  the  other  according  to  the  profile  of 
the  road.  The  work  then  does  not  show  great  variation  ; 
it  is  the  effort  of  traction.  If,  moreover,  it  is  said  that  the 
resistance  of  a  train  increases  with  the  speed^chiefly  on  ac- 
count of  the  resistance  of  the'air,  and  that  thi^speed  can  be 
considered  within  certain  limits  as  inversely  proportioned  to 
the  grade,  we  find  that  in  most  cases  and  for  lines  of  mod- 
erate grade,  the  effort  of  traction  does  not  vary  within  such 
wide  limits  as  one  would  at  first  suppose. 

Is  it  true  that  for  locomotives  the  expansion  of  steam  in 
two  successive  cylinders  will  not  permit  as  great  a  varia- 
tion of  the  total  effort  upon  the  pistons  as  if  the  expansion 
took  place  in  a  single  cylinder  ? 

In  a  locomotive  with  double  expansion  the  maximum  in- 
troduction of  steam  can  be  carried  without  difficulty  to  85 
per  cent,  of  the  stroke,  and  we  need  not  reduce  it  below  25 
per  cent,  because  it  is  useless  and  we  desire  to  obtain  the 
most  favorable  conditions  for  distribution. 

The  limits  of  expansion  will  then  be,  for  a  ratio  of  vol- 
umes equal  to  two  between  the  cylinders,  from  2.35  to  8.  If 
we  neglect  the  counter-pressure  and  take  the  initial  pres- 
sure equal  to  i  we  will  obtain  average  pressures  represent- 
ing the  total  effort  of  .0788  and  .0380  respectively  ;  that 
is,  2.07  and  i.  The  ratio  of  these  two  figures  represents 
the  variation  of  effort  which  can  be  given  theoretically  by 
the  variation  of  the  admission.  It  is  well  understood  here 
that  the  question  is  on  this  point  and  not  at  all  on  the  re- 
duction which  can  be  obtained  by  the  partial  closing  of  the 
throttle  valve. 

For  the  ordinary  locomotive  we  take  as  the  extreme 
limits  for  the  introduction  of  steam  70  and  15  percent.^ 
The  first  is  greater  than  that  which  is  employed  at  any 
time  except  in  starting  and  the  second  does  not  give  good 
conditions  of  distribution,  at  least  with  the  motions  in 
actual  use.  The  corresponding  degrees  of  expansion  are 
then  1.42  and  6.60,  and  if  we  carry  this  out,  as  above,  we 
obtain  average  efforts  of  0.949  and  0.435,  giving  a  ratio 
of  2.18  and  I. 

The  pretended  superiority  of  the  ordinary  machine  is 
then  expressed  by  the  ratio  2.18  to  2.07,  or  5  per  cent, 
of  increase  in  the  possible  variation  of  effort  ;  that  is  in 
quantity,  for  as  to  the  quality  of  work  we  see  that  this 
variation  is  only  obtained  on  the  condition  of  admitting  as 
a  maximum  in  the  ordinary  machine  a  degree  of  expansion 
less  than  i^,  which  is  positively  a  ridiculous  idea  for  cylin- 
ders receiving  steam  from  the  boiler  at  a  pressure  of  140 
to  170  lbs.  The  preceding  statement  is  approximate,  but 
we  do  not  believe  that  the  opponents  of  the  compound  sys- 
tem can  meet  it  by  one  more  precise. 


In  a  practical  point  of  view  the  economical  results  given 
by  the  compound  locomotive,  which  seem  very  difficult  to 
contest  in  presence  of  a  mass  of  facts,  appear  to  give  a 
final  blow  to  the  error  which  we  are  combating,  since 
these  machines  unite  the  conditions,  which  are  claimed  to 
be  incompatible,  of  small  expense  and  of  variable  work. 
This  blow  was  not  the  first,  and  this  incompatibility  so 
often  alleged  had  already  received  other  hard  blows  from 
experience  with  machines  other  than  those  of  railroads. 
No  one  would  pretend,  for  example,  that  hoisting  engines, 
or  engines  used  for  running  the  dynamos  for  electric  light- 
ing are  machines  with  constant  work.  Nevertheless,  the 
compound  system  is  applied  to  advantage  to  such  engines, 
and  with  very  favorable  results  as  to  economy.  It  is  hardly, 
necessary  to  bring  instances  in  proof  of  this,  since  it  would 
be  difficult  to  choose  one  from  the  great  number  of  exam- 
ples. 

It  is  not  at  all  certain  whether  it  is  well  to  meet  the  en- 
tire variation  in  the  effort  of  traction  in  a  locomotive  by 
varying  the  admission  to  the  cylinder  only,  and  that  we 
should  not  use  throttling  to  a  certain  extent.  This  is  a 
question  which  is  far  from  bein^  solved.  We  believe  that 
the  reduction  of  pressure  by  the  throttle  valve  gives  better 
results  on  a  compound  locomotive,  which  has  already  a 
maximum  of  expansion  below  which  the  engineer  cannot 
descend,  than  upon  an  ordinary  locomotive,  where  he  can 
by  this  means  do  away  with  expansion  almost  entirely. 

Continuing  our  arguments  we  can  hardly  treat  seriously 
the  opinion  that  :  *'  In  order  to  make  just  comparisons,  we 
should  not  take  only  trials  made  with  locomotives  of  differ- 
ent systems,  but  those  made  exactly  under  the  same  con- 
ditions. In  this  manner  only,  economical  results  found  arc 
real." 

This  is  precisely  what  many  conscientious  experimenters 
have  done,  among  whose  number  it  will  be  sufficient  to 
cite  De  Borodine,  Urquhart,  and  many  others,  who  are  cer- 
tainly interested  in  eliminating  from  their  comparisons 
every  foreign  element  which  can  vitiate  their  conclusions  ; 
and  it  is  because  the  conditions  recited  have  been  abso- 
lutely filled  that  the  economical  results  obtained  must  be 
received  as  real,  and  that  we  must  attach  the  greatest  im- 
portance to  the  conclusions  drawn  by  distinguished  en- 
gineers after  prolonged  experiment  made  upon  a  consider- 
able scale,  and  also  sanctioned  by  applications  every  day 
more  extended. 

Again,  it  is  objected  that  if  we  change  a  locomotive  by 
increasing  its  adhesive  weight,  which  was  before  too  low 
in  relation  to  its  heating  surface,  we  will  evidently  have 
economical  results  from  the  compound,  simply  from  in- 
creasing this  weight,  and  that  such  results  prove  abso- 
lutely nothing. 

Such  a  case  has  been  presented  under  exceptional  cir- 
cumstances ;  but  it  seems  difficult  to  admit  that  a  change 
of  2.000  or  2,200  lbs.  in  weight  in  certain  engines,  which 
did  not  increase  sensibly  the  adhesive  weight,  can  explain 
a  saving  in  fuel  of  15  to  20  per  cent.  Even  if  this  should 
be  so,  would  not  this  be  simply  a  cheap  method  of  adding 
to  the  power  of  ordinary  locomotives,  and  open  a  wide 
field  of  economy  which  we  must  have  been  very  wrong  to 
neglect  until  now  ? 

The  observation  which  we  have  just  made  answers  the 
objection  made  that  "  to  obtain  a  real  economy  it  would 
be  necessary  to  take  account  of  the  water  saved,  of  the 
water  used,  to  consider^the  cost  of  fuel  and  water  for  diffi- 
cult loads  and  speeds,  and  to  be  careful  to  use  fuel  of  the 
same  quality,  to  have  engineers  of  equal  ability,  and  to 
take  account  of  the  influence  of  time,  etc.'' 
J  It  is  sufficient  to  prefer  to  the  memoir  of  M.  de  Borodine 
to  show  with  what  scrupulous  care  these  conditions  have 
been  observed. 

In  a  general  way,  when  one  or  several  compound  en- 
gines are  put  in  service  with  others,  from  which  they  differ 
only  because  one  of  their  cylinders  has  from  6  to  8  in. 
more  diameter  and7does  the  same  service,  one  would  sup- 
pose that  the  economy  obtained  is  not  the  result  of  chance 
or  of  entirely  foreign  circumstance,  especially  if  the  com- 
parison has  extended  over  a  long  period. 

Another  objection  is  that  "  new  machines,  when  they 
are  new,  made  the  subject  of  particular  care  by  their  in- 
ventors,  with    carefully  chosen    engineer    and   fireman, 
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always  show  a  considerable  economy,  and  when  they  are 
left  to  themselves,  with  a  more  or  less  capable  engineer,  as 
with  ordinary  engines,  they  often  do  not  show  more  than 
50  per  cent,  of  the  economy  found  upon  a  special  trial." 

This  observation  is  a  very  just  one  ;  but  we  do  not  see 
how  it  can  be  applied  uutside  of  certain  cases  to  compound 
locomotives  rather  than  to  others,  such  as  those  having 
improved  valve  motions,  etc.  We  could,  on  the  other 
hand,  reverse  the  proposition  and  say  that  when  a  machine 
gives  good  results  when  beyond  all  control  or  interference 
of  its  mventor  or  manufacturer,  and  managed  by  the  ordi- 
nary engineers  of  the  line,  who  have  no  reason  whatever  to 
be  interested  in  it,  and  indeed  are  apt  to  look  with  more 
or  less  doubt  at  new  things  ;  when  the  service  is  pro- 
longed beyond  the  period  during  which  the  engine  can  be 
considered  new,  or  when  perhaps  the  engine,  before  beini;^ 
altered,  had  already  seen  15  or  20  years  of  service  ;  when 
all  these  conditions  present  themselves,  we  certainly  ought 
to  have  a  double  faith  in  the  value  of  the  results  enter- 
tained. This  is  a  case  which  has  been  found  presented  in 
my  own  experience,  for  example,  in  Russia,  in  Switzer- 
land, on  the  departmental  railroads,  and  elsewhere. 

M.  Poloncaau  does  not  believe  that  the  economy  obtained 
by  the  compound  system  can  be  over  5  to  8  per  cent.,  but 
he  gives  no  reasons  which  have  led  him  to  this  conclusion 
in  presence  of  the  15  to  20  per  cent,  saving  obtained  by 
experimenters  who  have  merited  entire  confidence.  It  is 
clear  that  if  the  compound  engine  has  been  used  under 
conditions  exceptionally  favorable  with  relation  to  the 
others,  we  must  be  very  cautious  in  deducing  general  con- 
clusions from  the  results  obtained,  but  in  practice  it  is  just 
the  contrary,  because  it  is  presented  as  we  have  shown. 
So  far  as  concerns  the  influence  of  the  engineer  and  fire- 
man, it  certainly  exists  ;  but  when  the  compound  engines 
are  managed  successively  by  several  engineers  taken  at 
random,  and  the  economy  in  fuel  is  kept  up  ;  when  the  en- 
gmes  run  over  different  lines,  sometimes  at  a  distance  from 
each  other,  and  having  different  profiles,  although  owned 
by  the  same  company,  and  still  the  same  results  are  ob- 
tained ;  when  the  engineers  have  to  run  alternately  a  com- 
pound and  an  ordinary  locomotive  and  always  obtam  a 
considerable  saving  with  the  first  ;  finally  when  the  least 
consumption  of  the  compounfl,  as  officially  reported,  shows 
a  notable  reduction  of  10  to  15  per  cent.,  for  example,  of 
the  amount  of  fuel  allowed  to  these  engines  in  comparison 
with  ordinary  engines  running  in  the  same  service,  the  in- 
fluence of  the  engineer  seems  to  have  practically  disap- 
peared in  determining  the  result. 

M.  Rodieux,  Chief  of  Motive  Power  of  the  Jura-Simplon 
Railroad,  said  recently  that  in  his  opinion,  and  according 
to  the  facts  which  he  observed  in  service,  the  use  of  com- 
pound working  annulled  in  great  part  the  influence  of  the 
engineer  on  the  consumption  of  fuel,  the  compound  always 
having  a  considerable  minimum  of  expansion,  2.30,  for 
instance,  instead  of  1.40.  as  we  have  previously  shown, 
without  the  engineer  being  able  to  interfere.  His  opinion 
is  of  great  importance.  I  hope  that  these  facts,  proofs  of 
which  I  have  in  my  possession,  will  be  sufficient  to  con- 
vince some  of  my  opponents. 

Besides  these  objections,  it  is  claimed  that  certain  ad- 
vantages attributed  to  the  compound  have  not  been  really 
obtained.  This  point  can  be  discussed  very  briefly,  and 
really  seems  to  rest  in  part  on  a  misapprehension.  The 
ease  of  starting,  the  better  exhaust,  and  the  stability  of  the 
coanpound  are  questioned,  and  it  is  denied  that  the  com- 
pound is  in  better  condition  than  the  ordinary  engine  in 
these  respects.  I  do  not  believe  that  any  one  has  ever 
claimed  this,  at  least  under  such  form.  In  the  beginning 
the  enemies  of  the  double-expansion  locomotive  based  their 
objections  upon  these  three  points.  It  could  not  start  ;  its 
exhaust  was  not  free,  and  it  was  defective  in  stability. 
Experience  has  proved  that  all  these  amount  to  nothing. 
Now  the  ground  has  been  shifted,  and  the  superiority  of 
the  compound  engine  on  these  three  points  is  contested  ; 
that  is  to  say,  its  enemies  admit  that  it  is  not  inferior.  For 
my  part,  I  am  not  disposed  to  ask  more. 

There  is,  however,  something  to  be  added  for  starting. 
In  reality  the  double-expansion  engine  is  under  superior 
conditions  on  this  point,  because  with  well-proportioned 
ordinary  engines,   under   tolerable  conditions  of  steam 


pressure,  we  should  never  run  at  more  than  50  per  cent, 
admission.  It  is  only  the  necessity  of  being  able  to  start 
in  any  position  which  obliges  us  to  carry  the  maximum  ad- 
mission to  70  per  cent.,  and  to  give  consequently  greater 
variation  to  the  distribution  than  would  be  necessary  for 
the  regular  running  of  the  machine.  In  the  compound, 
on  the  other  hand,  the  high  introductions  can  be  used  in 
ordinary  running,  and  put  us  under  very  favorable  condi- 
tions for  starting.  It  is  of  course  understood  that  the  en- 
gine has  proper  starting  apparatus. 

As  to  the  question  of  stability,  some  distinction  is  to  he 
made.  It  is  necessary  to  know  what  compound  engines 
are  spoken  of.  A  point  in  which  the  superiority  of  a  com- 
pound engine  is  incontestable  is  that  for  the  same  degree 
of  expansion  of  the  steam  the  moments  of  rotation  around 
the  axle  show  less  variation,  and  that  in  consequence  of 
other  things  being  equal,  we  can  employ  a  higher  co-effi- 
cient of  adhesion.  It  is  this  superiority  and  that  which 
results  from  the  lower  value  of  the  maximum  strain  in  rela- 
tion to  the  average  strain  undergone  by  the  parts  of  the 
machine  which  are  important.  Thus  one  part  in  trans- 
mission of  a  steam  engine,  as  a  piston-rod  or  connecting- 
rod,  taken  upon  an  ordinary  engine,  will  transmit  an  aver- 
age strain  much  more  considerable  on  a  compound  engine 
because  that  average  strain  can  be  brought  nearer  to  the 
maximum  strain,  taken  as  the  same  in  both  cases,  which|the 
piece  has  to  transmit.  This  is  one  of  the  considerations 
which  led  to  the  use  of  the  Wolff  type  on  the  Northern 
Railroad  of  France.  Now  neither  steam  jackets  nor  super- 
heating nor  improved  systems  of  distribution  could  give 
such  advantages. 

It  is  not  to  be  denied  that  in  the  double-expansion  loco- 
motive, having  for  the  same  total  expansion  longer  admis- 
sions in  each  cylinder  and  a  wider  opening  of  ports, 
there  is  less  wire-drawing  of  steam  than  in  tne  ordinary 
engine.  It  is  useless  to  say  that  this  inconvenience  in  an 
ordinary  locomotive  can  be  remedied  by  special  systems 
of  distribution,  because  innumerable  solutions  of  this  prob- 
lem have  been  proposed  during  the  last  15  years  without 
any  practical  result.  If  the  compound  locomotive  is  a 
complication,  would  not  the  use  of  special  valve  motions, 
such  as  the  Corliss,  be  a  still  greater  one  ? 

Really,  as  one  of  our  Russian  colleagues  has  expressed 
it,  '*  The  only  complication  involved  in  the  compound 
locomotive  is  the  increase  in  the  diameter  of  one  of  the 
pistons,  and  the  addition  of  a  starting  apparatus  which  is 
of  very  slight  importance.  Certainly  the  addition  of  com- 
plex and  delicate  apparatus  to  the  ordinary  locomotive,  re- 
quiring an  increase  in  expense  of  lubrication  and  main- 
tenance, without  counting  the  chance  of  breakage,  even 
should  these  devices  be  completely  successful,  will  only 
realize  partially  the  object  which  is  obtained  in  a  much 
simpler  way  by  the  compound  engine.'* 

The  changes  made  in  stationary  engines  are  very  signifi- 
cant. The  improved  valve  motions— Corliss,  Sulzer,  Whee- 
lock,  etc. — were  at  first^adapted  to  single-cylinder  engines, 
but  to-day  their  inventors  apply  them  on  compound  and 
triple-expansion  engines,  as  was  shown  in  a  number  of  in- 
stances at  the  Exposition  in  1889. 

The  diminution  of  interior  condensation  is  one  of  the 
causes  of  the  economy  obtained  by  dividing  the  expansion 
between  two  successive  cylinders.  This  is  a  well-estab- 
lished fact.  We  do  not  dispute  that  the  exchange  of  heat 
between  the  walls  of  the  cylinder  and  the  steam  may  be 
modified  in  importance  by  the  rapidity  of  the  working  of 
the  machine,  but  to  conclude,  from  that  fact,  that  in  a 
locomotive  the  influence  of  the  compound  in  point  of  view 
of  condensation  can  be  taken  into  account  is  altogether 
another  thing. 

As  long  ago  as  1850  Mr.  D.  K.  Clarke  found  in  locomo- 
tives, at  the  end  of  the  expansion,  an  increase  in  the  quan- 
tity of  steam  present  in  the  cylinder,  which  could  only  be 
attributed  to  the  revaporization  of  condensed  water  during 
the  period  of  admission.  These  well-known  experiments 
are  the  first  by  which  this  fact  has  been  established  on 
railroads,  and  they  were  further  confirmed  in  France  by 
the  experiments  made  on  the  Orleans  Railroad  about  1852. 
The  experiments  made  in  1867  by  Herr  Bauschinger  on 
the  locomotives  of  the  Barbarian  State  Railroad  will  show 
the  importance  of  this  phenomenon.     He  found  there  an 
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increase  exceeding  100  per  cent,  in  certain  cases,  and 
which  only  in  exceptional  cases  descends  below  20  per 
cent,  between  the  quantity  of  steam  present  in  the  cylinder 
at  the  commencement  and  at  the  end  of  the  expansion  in 
locomotives  in  which  the  number  of  revolutions  per  minute 
varied  during  the  trials  from  80  to  180.  Now,  at  this  last 
speed,  which  can  be  considered  as  normal,  the  increase 
in  the  weight  of  steam  during  the  period  of  expansion  is 
indicated  at  20  per  cent.,  and  that  for  a  very  partial  cut- 
off, yi  per  cent.  At  157  revolutions,  with  the  admission 
reduced  to  23  per  cent.,  the  increase  in  weight  of  steam 
rose  to  67  per  cent. 

Analysis  of  diagrams  taken  during  the  experiments  of 
M.  de  Borodine,  give  the  quantity  of  water  revaporized 
during  expansion,  varying  from  8  to  19  per  cent,  of  the 
weight  of  the  dry  steam  contained  in  the  cylinder  at  the 
time  of  the  cut-off. 

We  may  here  recall  that  the  compound  engine  is  used 
in  a  number  of  cases  as  a  rapid-running  engine,  such  as 
in  electric  light  motors,  torpedo  boat  engines,  and  others 


for  the  deficiency  of  which  we  have  spoken.  It  must  be 
understood  that  we  must  still  seek  by  other  means  to  pre- 
vent the  exterior  cooling  of  the  cylinders,  and  of  all  the 
parts  through  which  the  steam  circulates  ;  but  this  is  an  in- 
dependent matter,  and  cannot  be  cited  as  an  objection  to 
the  use  of  the  compound,  since  it  applies  to  all  machines. 

We  now  arrive  at  a  point  where  we  must  meet  this 
claim:  "The  two-cylinder  compound  cannot  have  cylin- 
ders of  sufficient  volume,  therefore  it  is  not  economical  ; 
it  is,  therefore,  necessary  to  use  more  than  two  cylinders, 
and  then  the  economy  of  fuel  will  be  counterbalanced  by 
the  increase  in  expense  of  construction,  of  lubrication,  and 
of  maintenance." 

We  have  already  sufficiently  proved  that  the  fears  rela- 
tive to  the  insufficiency  of  the  dimensions  of  the  cylinders 
of  the  two-cylinder  compound  are  exaggerated,  and  that 
this  type  suffices  for  almost  all  our  present  needs.  The 
750  engines  of  this  model  in  actual  service  offer  a  sufficient 
proof.  If  we  are  obliged  to  recur  to  the  use  of  more  than 
two  cylinders,  it  would  be  to  obtain  some  advantage  be- 
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where  the  piston  speed  is  greater  than  that  of  locomotives. 
The  remarkable  experiments  of  Mr.  Willans  show  that  at 
400  revolutions  a  minute  this  action  of  the  walls  of  the 
cylinder  is  not  annulled,  and  the  experimenter  concluded 
that  with  a  non-condensing  engine  working  at  this  speed 
it  is  worth  while  to  employ  the  compound,  even  with  boiler 
pressures  not  over  80  lbs. 

We  might  again  cite  a  very  curious  experiment  in  which 
the  influence  of  interior  condensation  has  been  placed 
directly  in  evidence  in  a  way  which  gives  room  for  no 
doubt.  In  a  trial  made  by  M.  Pulin,  on  the  Northern 
Railroad  of  France,  of  a  compound  engine  with  equal 
cylinders,  proposed  by  myself  in  1875 — a  plan  proposed 
and  taken  up  since  with  some  modifications  of  detail  by 
M.  de  Landsee — it  was  found  that  this  engine,  run  by  the 
same  engineer  and  doing  identically  the  same  work,  used 
notably  less  fuel  while  running  with  admission  of  steam  in 
only  one  of  the  two  equal  cylinders,  and  the  passage  of 
that  steam  into  the  other  cylinder,  than  with  a  direct  ad- 
mission of  the  steam  into  the  two  cylinders.  This  diminu- 
tion of  consumption,  obtained  with  a  considerably  less  ex- 
pansion, could  only  be  attributed  to  the  diminution  of 
condensation  brought  about  by  the  reduction  of  the  fall  of 
temperature  in  the  cylinders,  the  total  surface  of  which  in 
contact  with  the  steam  was  the  same  in  both  cases.  Can 
the  less  effect  of  interior  condensation  be  compensated  by 
the  increase  of  cooling  surface  due  to  the  presence  of  a 
large  cylinder  ?  I  do  not  think  so.  In  the  case  of  the  two- 
cylinder  compound  engine,  the  total  area  of  the  surface  is 
about  25  per  cent,  greater  than  in  the  ordinary  engines. 
The  loss  of  heat  by  radiation,  with  cylinders  sufficiently 
protected,  is  estimated  at  5  per  cent.  On  this  basis  the 
compound  would  have  an  inferiority  of  1.25  per  cent,  as 
compared  with  the  ordinary  engine.  If  this  loss  is  appre- 
ciable— and  I  do  not  believe  that  it  is — this  would  prove 
that  compound  working  gives  still  greater  advantage  than 
it  has  been  credited  with,  since  it  will  have  to  compensate 


yond  the  economy  in  fuel,  such  as  the  increase  of  power, 
flexibility,  or,  in  a  word,  some  new  advantage  which  would 
compensate  for  the  additional  charges  due  to  the  complica- 
tion of  parts.  We  do  not  believe  that  any  one  would  use 
tour  cylinders  simply  for  the  pleasure  of  making  them 
when  two  would  be  sufficient.  The  increase  of  power, 
for  example,  should  bring  about,  outside  of  the  economy 
of  fuel,  a  reduction  in  the  expenses  of  traction — that  is, 
train  expenses ;  it  would  justify  a  reasonable  increase  in 
the  cost  of  lubrication  and  maintenance.  This  is  really 
the  way  in  which  the  question  should  be  considered.  As 
a  matter  of  fact,  we  can  cite  the  result  obtained  with  a 
compound  engine  on  the  Jura-Simplon  Railroad,  which,  in 
a  year's  service,  running  about  12,000  miles,  consumed 
3.8  per  cent,  less  of  lubricating  oil  than  the  average  of 
other  freight  engines  in  the  same  service  ;  the  engines 
being  the  same,  with  the  exception  of  the  compounding  of 
the  cylinders.  It  is  well  to  note  here  that  experience  so 
far  obtained  in  America  has  supported  my  conclusions. 
The  two-cylinder  compound  in  that  country  has  shown 
considerable  economy  ;  and  while  the  W>bb  engine  has 
been  less  successful  on  the  Pennsylvania  Railroad,  the 
Baldwin  four-cylinder  type  promises  to  do  much  better.  I 
may  also  note  that  the  Master  Mechanics'  Association  ap- 
pointed last  year  a  Committee  on  Compound  Locomotives, 
which  presented  a  very  interesting  report. 

Among  other  advantages,  we  may  mention  not  only  the 
reduction  in  the  weight  of  the  fuel  burned,  but  the  fact  that 
a  reduction  may  be  made  in  the  heating  surface  of  the 
boiler,  or  if  this  is  kept  at  the  same  size,  there  may  be 
an  increase  in  power  or  a  reduction  in  the  work  imposed 
upon  the  steam  generator.  In  France  the  economy  in  fuel 
has  been  found  of  importance,  even  upon  the  Northern 
Railroad,  the  French  line  which  obtains  its  coal  at  the  low- 
est price. 

Other  objections  made  to  the  compound  are  noted,  but 
they   are   really  only   a   repetition   of   those  which  hare 
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already  been  considered  under  different  forms,  and  to  re- 
peat the  arguments  by  which  they  are  refuted  seems 
hardly  necessary  here  in  this  memoir,  which  has  already 
extended  itself  to  considerable  length.  In  a  word,  it  may 
be  said  that  the  compound  locomotive  is  passing  through 
the  stage  of  argument  and  debate,  beyond  which  the  com- 
pound for  stationary  and  marine  work  has  already  gone, 
and  it  is  to  be  hoped  that  the  result  with  the  locomotive 
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The  inconvenience  of  opening  and  closing  the  doors  of 
locomotive  fire-boxes  every  time  a  shovelful  of  coal  must 
be  put  on  the  grate  every  fireman  knows,  and  all  persons 
who  understand  the  principles  of  combustion  and  have 
had   opportunities  of  observing  must  be  convinced  that 
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will  be  the  same.  In  fact,  in  the  case  of  the  marine  en- 
gine, the  compound  or  double-expansion  engine  has  itself 
given  place  to  triple-expansion,  and  the  quadruple  expan- 
sion is  already  coming  into  use. 

This  experience  of  the  past  may  be  instructive  for  the 
adversaries  of  the  compound  locomotives.  We  may  find 
further  instruction  in  the  testimony  of  many  distinguished 
engineers,  whose  convictions  are  based  on  their  own  prac- 
tice, and  who  cannot  be  suspected  of  lieing  subject  to  im- 
proper influences.  M.  de  Borodinc,  whose  name  I  have 
frequently  quoted,  said,  last  year,  in  the  International 
Railroad  Congress,  that  on  the  South-west  Russian  lines, 
**  We  have  a  dozen  compound  locomotives  in  service  for 
several  years,  and  they  have  given  such  satisfactory  re- 
sults that  all  those  which  we  build  in  the  future  will  be  of 
this  system.  I  believe  that  the  next  Exposition  in  Paris 
will  show  more  compound  engines,  and  that  no  company 
will  exhibit  any  ordinary  locomotive." 

Is  not  such  a  clear  declaration,  based  on  prolonged 
personal  experience,  worth  more  than  volumes  of  argu- 
ment ?  We  could  add  nothing  to  it  which  would  not 
weaken  it. 


the  frequent  opening  of  the  door  and  the  admission  of 
large  quantities  of  cold  air  into  the  furnace  must  lessen 
the  efficiency  of  the  boiler  to  a  very  great  degree.  When 
a  locomotive  is  working  hard  it  is  safe  to  say  that  the  fur- 
nace door  is  open  from  a  third  to  a  half  of  the  time.  If 
the  door  was  kept  open  all  the  time  it  would  be  impossi- 
ble to  make  a  sufficient  quantity  of  steam  for  even  ordinary 
work.  Havmg  it  open  a  half  or  a  third  of  the  time  must  re- 
duce the  quantity  of  steam  generated  at  least  a  half  or  a 
third  as  much  as  keeping  it  open  all  the  time,  and  there 
can  be  no  doubt  that  the  steam-producing  capacity  of  the 
boiler  would  be  very  materially  increased  if  the  time  that 
the  door  must  be  kept  open  was  diminished. 

The  invention  illustrated  herewith  is  intended  to  facili- 
tate the  opening  and  closing  of  the  door,  do  it  quicker, 
and  with  more  ease  and  less  inconvenience  to  the  fireman. 
so  that  it  will  be  open  for  much  shorter  periods,  and  thus 
admit  smaller  quantities  of  cold  air  to  the  fire-box. 

Figs.  I  and  11  are,  respectively,  a  front  and  a  side  view 
of  a  locomotive-furnace  door  provided  with  the  improve- 
nfcnts.  Fig.  Ill  is  a  plan  of  fig.  I,  showing  a  part  of  the  front 
of  the  boiler.  Figs.  IV  and  V  are  respectively  a  vertical  sec- 
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tion  and  a  sectional  plan  of  certain  parts  of  the  invention 
on  an  enlarged  scale. 

In  the  drawings  A  is  a.  part  of  the  boiler,  and  B  the 
door-frame  secured  to  the  boiler  in  the  usual  manner. 

a  and  d  are  the  furnace-doors,  formed  in  two  parts  or 
sections,  which  are  hinged  to  the  frame  B.  The  hinges 
consist  of  the  brackets  c:  and  ^,  attached,  respectively,- to 
the  sections  a  and  d  of  the  door,  the  lugs  e  and/,  attached 
to  the  frame  B,  and  the  bolts  ^  and  /i.     These  bolts  pass 


loosely  through  the  lugs  e  and/,  and  are  fastened  to  the 
brackets,  preferably,  by  means  of  set-screws  /'. 

D  and  E  are  arms  or  cranks  rigidly  attached  to  the 
upper  ends  of  the  bolts  ^  and  /i,  and  they  project  in  oppo- 
site directions  from  a  dotted  line,  x  x,  in  fig.  Ill— which 
extends  through  the  center  of  the  bolts  ^  and  // — in  order 
that  when  the  cranks  are  moved  in  the  same  direction  the 
bolts  ^  and  //are  swung  around  in  opposite  directions, 
and  the  sections  a  and  d  of  the  door  Care  jointly  opened 
or  closed.  The  arms  D  and  E  are  coupled  together  by 
means  of  an  offset-bar,  E,  to  the  middle  of  which  is  pivoted 
the  piston-rod  G  oi  a.  steam-cylinder,  //,  hereinafter  de- 
scribed. 

As  the  ends  of  the  coupling-bar /''move  in  arcs  of  circles 
curved  in  opposite  directions,  the  path  of  the  middle 
point  of  the  bar  is  a  straight  line,  and  with  the  cranks 
forms  a  "  parallel  motion,"  therefore  the  piston-rod  G  can 
be  connected  directly  to  the  bar  at  this  point  without  the 
intervention  of  guides  or  connecting-rods  to  maintain  the 
rectilineal  movement  of  the  end  of  the  rod. 

//'  is  a  stop  to  arrest  the  movement  of  the  piston  when 
the  doors  are  opened  wide  enough.  The  cylinder  is  sup- 
ported in  any  suitable  manner,  but  preferably  from  the 
front  of  the  boiler,  and  it  is  provided  with  a  piston,  /t, 
figs.  IV^  and  V,  which  is  at  the  inner  end  of  the  piston- 
rod  G. 

I  is  the  steam-valve  chest  at  the  rear  end  of  the  cylinder 
H,  connected  with  the  interior  of  the  said  cylinder  by 
means  of  the  front  and  rear  steam-ports,  /  and  ;//.  The 
exhaust-port  is  denoted  by  n,  and  the  exhaust-pipe  leading 
therefrom  by  o. 

J  is  the  steam-valve,  which  is  shown  as  of  the  piston 
fornn,  adapted  to  slide  within  the  valve-chest  /.  This 
valve  operates  to  control  the  admission  of  steam  to  the 
cylinder  in  substantially  the  same  manner  as  that  of  a 
slide-valve  engine,  and  it  is  moved  from  a  hinged  foot- 
plate, K,  figs.  I-III,  by  mechanism  substantially  as  fol- 


lows :  The  foot-plate  is  secured  to  two  arms,  p  p,  on  a 
vibratory  shaft,  g,  supported  in  bearings  r  on  the  foot- 
board and  yieldingly  supported  by  means  of  a  spring, 
s,  underneath.  Z  is  a  third  arm,  also  attached  to  the 
shaft  g,  which  projects  in  an  opposite  direction  to  the 
ones  p.  To  the  arm  L  is  connected  a  rod,  /,  the  upper 
end  of  which  is  just  below  the  bottom  of  the  valve-chest. 
The  valve  has  a  projection  which  extends  downward  and 
outside  of  the  valve-chest,  as  shown  at  /,  fig.  IV,  and  bears 
on  the  upper  end  of  the  rod  t. 

When  the  fireman  desires  to  open  the  furnace-door,  he 
depresses  the  plate  A' with  his  foot,  when  the  steam-valve 
/is  raised  through  the  medium  of  the  arms  /  p  and  L  and 
the  rod  /,  before  described,  and  steam  is  admitted  to  the 
port  in,  and  thence  to  the  rear  end  of  the  cylinder  H, 
The  piston  is  thus  driven  forward,  and  its  movement  trans- 
mitted to  the  two  sections  of  the  furnace-door  through  the 
medium  of  the  piston-rod  G,  offset-rod  E,  arms  D  and  E, 
and  the  bolts /f  and  //,  to  which  the  said  arms  are  rigidly 
attached.  In  the  depression  of  the  foot-plate  the  support- 
ing spring  \s  is  forced  down  ■\  consequently  its  resilient 
action  as  the  foot  is  removed  raises  the  'plate  A' and  arms 
p  p  and  depresses  the  end  of  the  arm  L  and  rod  /.  The 
pressure  of  the  steam  above  the  valve  then  forces  it  down 
into  the  position  shown  in  fig.  IV,  which  permits  the 
steam  below  the  piston  to  be  exhausted  and  live  steam  to 
enter  the  cylinder  in  front,  which  forces  the  piston  back 
into  the  position  shown  in  fig.  IV,  thus  closing  the  doors. 

This  device  is  the  invention  and  has  been  patented  by 
Mr.  M.  N.  Forney,  whose  address  is  at  the  office  of  the 
Railroad  and  Engineering  Journal,  No.  47  Cedar 
Street,  New  York. 


THE  SUBMARINE  MINE  AND  TORPEDO  IN 
HARBOR  DEFENSE. 


By  First  Lieutenant  Joseph  M.  Califf,  Third  U.  S. 

Artillery. 


(Copyright,  1890,  by  M.  N.  Forney.) 
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XIV. — CONTROLLABLE   TORPEDOES. 

These,  being  always  under  control  and  intended  to  be 
operated  from  shore  stations,  are  particularly  well  adapted 
for  harbor  defense.  This  class  embraces  the  spar,  the 
towing,  as  well  as  all  the  controllable  locomotive  torpe- 
does. The  latter,  and  by  far  the  most  important  type,  in- 
cludes all  those  operated  by  power  developed  at  some 
point  exterior  to  themselves,  which  power  is  transmitted 
to  the  torpedo  either  by  electrical  or  mechanical  means, 
or  where  the  motive  power  is  self-contained  and  the  con- 
trol alone  exercised  from  the  shore.  The  Sims-Edison, 
the  Patrick,  the  Brennan,  and  the  Victoria  are  the  best- 
known  examples  of  locomotive  torpedoes. 

Spar  torpedoes.  As  the  pioneer  of  all  offensive  devices 
of  its  kind,  the  spar  torpedo  has  a  record  for  actual  work 
unequalled  by  any  other  similar  weapon.  As  an  English 
writer  says  (Sleeman),  '*  all  the  ships  that  have  so  far  been 
sunk  or  injured  by  torpedoes  have  met  their  fate  at  the 
hands  of  the  spar  torpedo,  with  the  exception  of  one  ex- 
tremely doubtful  case  of  a  vessel  sunk  by  a  Whitehead  in 
the  Russo-Turkish  war  of  1877."  It  should  be  said,  how- 
ever, that  none  of  the  locomotive  type  have  as  yet  had  an 
opportunity  to  test  their  efficiency  in  actual  warfare. 

In  the  many  new  devices  being  brought  forward,  its 
value  is  likely  to  be  lost  sight  of.  Its  extremely  limited 
range,  which  is  the  length  of  the  spar  to  which  it  is  at- 
tached, is  in  a  measure  compensated  for  by  the  accuracy 
and  certainty  with  which  its  blow  can  be  delivered.  As  a 
weapon  it  requires  no  detailed  description.  From  the 
simple  case  of  explosive  fastened  to  the  end  of  a  spar, 
which  explodes  upon  contact  with  the  side  of  an  enemy's 
ship,  to  some  of  the  later  and  more  elaborate  inventions, 
the  principle  is  the  same.  Although  its  employment  is 
always  considered  more  than  usually,hazardous,  yet  as  the 
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equipment  of  small,  swift  steam-launches  and  in  the  hands 
of  a  daring  commander,  ready  to  take  advantage  of  smoke 
or  fog  or  accident  to  swoop  down  upon  an  incautious  ad- 
versary, it  is  believed  to  have  a  field  to  itself  in  the  prob- 
lem of  harbor  defense. 

The  Towing  torpedo,  whose  name  indicates  its  mode 
of  action,  was  ai  one  time  largely  experimented  with  and 
adopted  to  some  extent  in  the  French  and  other  services, 
but  with  the  introduction  of  improved  forms  of  controllable 
torpedoes  it  has  generally  been  discarded. 

Locomotive  torpedoes.  The  Sims-Edison  torpedo  is  an 
American  invention,  propelled,  controlled  and  exploded 
by  means  of  an  electrical  current  supplied  through  proper 
cables  from  a  dynamo  on  shore.  Fig.  24  represents  the 
general  features  of  this  weapon.  It  consists  of  two  parts — 
the  torpedo  proper  and  a  float,  which  maintains  it  at  a  uni- 
form depth.  The  former  is  a  copper  cylinder  with  conical 
ends,  20  ft.  X  30  in.,  rigidly  connected  with  its  float,  of  the 
same  material,  by  steel  rods.  The  forward  rod  slants  to 
the  rear  and  upward  from  the  nose  of  the  torpedo,  so  that 
it  will  dive  under  any  ordinary  obstruction  in  its  path. 
Projecting  above  the  float  are  two  steel  rods,  each  carry- 
ing a  ball  for  purposes  of  steering.  These  rods  are  hinged 
to  the  skin  of  the  float,  and  bend  backward  when  an  ob- 
struction is  encountered  and  the  torpedo  dives,  resuming 
their  upright  position  when  the  obstruction  is  passed. 
The  float  is  boat-shaped,  is  water-tight,  and  hlled  with  cot- 
ton or  other  buoyant  material.  The  torpedo  body  is  di- 
vided into  four  sections,  as  shown.     The  front  compart- 


The  Brennan  torpedo  has  been  adopted  in  England. 
In  it  the  motive  power  is  external  to  the  weapon,  and  is 
communicated  mechanically  to  the  torpedo.  Upon  two 
reels  within  the  torpedo,  which  are  geared  to  the  propeller- 
shafts,  is  wound  a  quantity  of  fine  steel  wire  equal  in  length 
to  four  times  the  distance  to  be  run.  The  ends  of  these  wires 
are  led  out  through  the  top  of  the  shell,  through  leaders  at 
the  tail  and  thence  over  drums  at  the  winding  station  on 
shore.  By  winding  up  the  wires  on  the  drums  the  reels 
are  made  to  revolve,  and  thus  actuate  the  propeller.  liy 
operating  the  drums  at  different  speed  motion  is  com- 
municated to  the  rudder  and  the  direction  given.  Hydro- 
static pressure,  transmitted  to  diving  rudders,  controls  the 
submergence.  It  has  about  the  same  speed  and  range  as 
the  Patrick. 

The  Victoria  torpedo  is  a  Whitehead  in  all  essential  par- 
ticulars, with  the  additional  device  for  starting,  stopping 
and  tiring  it  at  will  by  means  of  an  electrical  current  sup- 
plied from  the  shore  station  through  an  insulated  cable 
coiled  within  a  compartment  of  the  torpedo,  and  paid  out 
as  it  advances. 

For  the  practical  operation  of  controllable  torpedoes  an 
observing  station,  where  a  clear  and  uninterrupted  view 
of  the  harbor  can  be  had,  is  necessary.  Here,  in  any  sys- 
tem of  electrically  controlled  torpedoes,  are  the  keys, 
switchboards,  etc.,  and  the  officer  charged  with  their 
manipulation.  This  station  must  rely  for  safety  either 
upon  being  wholly  inconspicuous  or  upon  protective 
works.     The  torpedoes  themselves  can  be  moored  in  any 


ment,  a,  is  for  the  explosive  charge.  Within  the  second,  h, 
is  coiled  a  compound  cable,  having  a  small  insulated 
core  in  the  center  for  the  steering  current,  and  an  annular 
conductor  for  the  motor  current.  The  third  compartment, 
c,  contains  an  Edison  motor,  which  can,  at  full  speed,  de- 
velop something  over  30  H.P.  of  energy  for  propulsion. 
The  after  compartment,  d,  contains  the  steering  gear.  The 
direction  is  given  through  the  agency  of  an  electro-mag- 
net and  a  polarized  relay,  actuated  by  the  steering  current 
through  the  central  conductor  of  the  cable.  By  these 
means  the  balanced  rudder  on  top  of  the  after  cone  can  be 
thrown  to  one  side  or  the  other  at  will.  It  has  a  total 
weight  of  about  4,000  lbs. 

The  range  of  this  torpedQ  is  limited  only  by  the  length 
of  cable  that  can  be  carried  and  the  distance  the  steering 
balls  can  be  seen.  Two  sizes  have  been  proposed,  carry- 
ing cable  for  one  and  two  miles.  A  charge  of  Irom  200  to  500 
lbs.  of  high  explosive,  according  to  the  size,  is  provided. 
This  is  exi)lode(l  electrically  at  the  will  of  the  operator. 
This  torpedo  has  been  carefully  experimented  with  at  the 
Willett's  Point  Torpedo  School,  and  has  been  found  to  be 
under  thorough  control.  A  speed  of  22  miles  per  hour  has 
been  obtained. 

The  Patrick  torpedo  resembles  the  Sims- Edison  just  de- 
scribed in  that  it  consists  of  a  torpeilo  proper  and  a  float. 
which  maintains  it  at  a  submergence  of  about  3  ft.  It  is 
driven  by  a  carbonic  acid  gas  engine,  and  has  attained  a 
speed  of  about  20  miles  per  hour,  and  has  a  range  of  one 
mile.  The  charge  is  200  lbs.  of  dynamite,  which  may  be 
fired  electrically  at  will  or  upon  contact.  It  is  started, 
stopped  and  guirled  upon  its  course  by  means  of  a  two- 
wire  electric  cable,  in  connection  with  100  cells  bichromate 
battery.  The  wire  is  paid  out  from  the  shore  station  as 
the  torpedo  advances.  It  has  received  a  favorable  report 
from  a  board  of  naval  oflicers,  after  an  extended  series  of 
experiments. 


concealed  position,  while  the  dynamo,  engine,  etc.,  must, 
of  course,  be  perfectly  protected  by  bomb-proofs,  or 
otherwise. 

Many  other  types  of  both  classes  of  torpedoes,  other 
than  those  mentioned,  have  been  experimented  with  with 
greater  or  less  success  ;  these  latter,  however,  are  consid- 
ered the  most  promising.  Abroad,  the  Whitehead  type 
has  been  universally  adopted,  and  is  being  manufactured  in 
large  numbers  both  in  England  and  upon  the  Continent. 
6f  the  controllable  class,  the  English  have  purchased  the 
Brennan,  and  have  already  begun  its  manufacture  and  dis; 
tribution.  The  French  have  experimented  with  the  Pat- 
rick, but  other  than  these,  it  is  not  known  that  any  other 
power  contemplates  the  introduction  of  controllable  tor- 
pedoes. On  this  side  of  the  Atlantic  contract  has  been 
made  for  a  considerable  number  of  Howell  torpedoes,  but 
it  is  not  known  that  any  have  been  delivered,  nor  have  we 
a  single  controllable  torpedo  other  than  one  or  two  pur- 
chased for  experiment. 

The  chief  drawback  to  any  fish  or  missile  torpedo  must 
always  be  a  want  of  accuracy.  Traversing  a  medium  that 
is  never  wholly  at  rest  ;  influenced,  even  when  its  initial 
direction  is  true,  by  waves,  tides  and  currents  ;  often 
launched  upon  its  course  from  a  moving  against  another 
moving  object,  it  can  easily  be  seen  how  uncertain  are 
likely  to  be  the  results  obtained.  The  controllable  tor- 
pedo, on  the  other  hand,  can  be  driven  against  its  object, 
when  atmospheric  conditions  are  favorable,  with  great  ac- 
curacy, carrying  at  the  same  time  considerably  greater 
charges  of  explosive.  It  should  not  be  forgotten,  however, 
that  while  a  Whitehead  or  a  Howell  costs  about  $2,000 
each,  a  Sims-Edison  or  a  Patrick  will  cost  just  about  ten 
times  this  amount  ;  nor  that  a  more  or  less  complicated 
shore  plant  is  needed  for  the  service  of  the  latter,  while  the 
former  can  be  discharged  without  preparation  of  any 
kind. 
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XV. — GENERAL   CONSIDERATIONS. 

Whatever  may  be  the  character  of  the  mine  and  tor- 
pedo defense  of  a  harbor,  it  must  not  be  forgotten  that,  no 
matter  how  elaborate  and  efficient  these  may  be,  they  are 
only  auxiliary.  The  main  reliance  must  always  be  upon 
batteries  and  guns,  nor  will  the  presence  of  these  auxilia- 
ries justify  any  material  reduction  in  the  artillery  arma- 
ment. In  the  absence  of  batteries  any  arrangement  of 
mines  can  be  readily  neutralized  or  destroyed  ;  nor  would 
it  be  possible  to  operate,  against  an  enemy's  fleet,  any 
system  of  torpedoes— whether  with  launches,  torpedo- 
boats  or  controllable  torpedoes,  except  under  the  fire  and 
protection  of  powerful  batteries. 

In  none  except  the  largest  harbors  would  a  resort  be  had 
to  a  complete  mine  and  torpedo  defense.  In  such  a  case 
this  defense  would  have  to  be  divided  between  the  army 
and  the  navy  contingent.  In  addition  to  the  gun  defense, 
all  fixed  mines  and  controllable  torpedoes  would  naturally 
come  under  the  control  of  the  military  commander  ;  while 
the  use  of  harbor  defense  craft  of  all  kinds,  torpedo-boats 
and  launches  fall  into  the  hands  of  the  naval  commander. 
The  character  of  the  harbor  will  determine  the  extent  to 
which  mines  and  torpedoes  can  be  effectively  employed. 
The  water  approaches  of  New  York,  for  instance,  lend 
themselves  readily  to  an  elaborate  scheme  of  mine  defense, 
while  in  the  harbor  of  San  Francisco  the  depth  of  water  and 
the  swiftness  of  the  currents  makes  their  employment  ex- 
tremely difficult,  if  not  impracticable. 

Speaking  of  the  defense  of  New  York,  Colonel  Bucknell 
says  that  it  is  a  case  where  there  is  a  strong  front  door 
but  a  weak  back  entrance — the  back  entrance  being 
through  Long  Island  Sound,  and  the  front  door  by  way  of 
the  Narrows.  The  eastern  entrance  to  the  Sound  is 
through  the  Race,  between  Gardiner's  and  Gull  Island, 
which  is  some  4^  miles  in  width,  and  is  at  present  wholly 
unprotected  by  fortifications,  and  is  a  water-way  where 
mines  could  not  well  be  employed.  Where  the  Sound  nar- 
rows at  Throgg's  Neck  (Fort  Schuyler)  both  the  artillery 
and  mine  defense  become  powerful.  It  is,  however,  only 
eight  miles  from  upper  New  York,  and  vessels  lying  in  this 
neighborhood  could  reach  this  point  and  the  outlying 
suburbs  of  Brooklyn.  To  the  south,  with  the  proposed 
works  on  Coney  Island,  Sandy  Hook  and  the  Dry  Romer 
Shoal  finished,  and  supplemented  by  a  system  of  mines, 
it  is  safe  to  say  no  hostile  ship  could  enter  the  lower  bay. 
With  only  28A  ft.  of  water  at  high  tide  over  the  bar, 
entrance  is  forbidden  to  the  largest  foreign  war-ships,  but 
unless  the  defense  can  keep  such  vessels  at  a  distance  it 
would  be  quite  possible  for  them  to  anchor  in  30  ft.  of 
water  within  eight  miles  of  the  Navy  Yard  and  lower  New 
York  without  crossing  the  bar,  and  reach  those  points 
with  their  projectiles. 

Of  the  other  cities  on  the  coast,  it  may  be  said  that  at 
Portland  30  ft.  can  be  carried  to  within  half  a  mile  of  the 
wharves  ;  Boston,  30  ft.  to  within  five  miles  of  the  State 
House  ;  Newport  can  be  shelled  from  almost  any  position 
outside  ;  30  ft.  can  be  carried  to  within  2i  miles  of  New 
London  ;  any  draft  into  Hampton  Roads  ;  at  Charleston 
14  and  Port  Royal  21  ft.  over  the  bar  ;  the  largest  vessels 
can  approach  Key  West  ;  19^  ft.  can  be  carried  over  the 
outer  bar  at  Mobile,  and  26  ft.  through  the  Southwest  Pass 
of  the  Mississippi.  On  the  Pacific  coast,  San  Francisco, 
Seattle  and  Port  Townsend  can  all  be  approached  by  the 
heaviest  ironclads. 

It  will  take  a  war  between  great  maritime  powers  to  de- 
termine the  true  value  of  torpedoes  and  mines  in  harbor 
defense.  As  has  already  been  said,  it  is  believed  that  too 
much  is  expected  of  these  weapons.  The  lessons  taught 
by  our  Civil  War  are  misleading  in  that,  in  looking  over 
the  long  list  of  vessels  damaged  or  destroyed  by  their 
agency,  it  is  apt  to  be  forgotten  that  these  were  hastily 
built,  single-bottomed,  and,  one  may  suppose,  structurally 
weak  specimens  of  naval  construction,  or  were  improvised 
from  second-hand  material.  The  double-bottomed,  cellu- 
lar compartment  steel  war-ship  of  to-day  would  have  lit- 
tle to  fear  from  the  gunpowder  torpedoes  of  the  Confed- 
erates. Not  only  this,  but  the  experiments  made  abroad 
with  high  explosives,  notably  those  known  as  the  Oberon 
and  Resistance  experiments,  supplemented  by  others  made  ' 


in  Italy  and  France,  clearly  indicatethat  very  considerable 
charges  of  high  explosives  may  be  detonated  near  or 
against  the  bottom  of  a  modern  war-ship  without  putting 
it  out  of  action. 

When  it  is  remembered  that  a  single  shell  exploded  in 
the  shore  '*  plant"  of  a  system  of  controllable  mines  or  tor- 
pedoes would  probably  put  the  whole  system  out  of  action, 
or  that  the  breaking  of  a  single  electrical  cable  might  ac- 
complish the  same  thing,  to  say  nothing  of  the  nets, 
booms,  etc.,  that  would  be  used  to  neutralize  the  action  of 
movable  torpedoes,  or  the  difficulty  of  operating  this  class 
of  weapons  in  a  harbor  filled  with  floating  ice,  one  is  fully 
justified  in  the  belief  that  if  the  main  defense  of  harbor  or 
water-way^is  ever  left  to  mines  and  torpedoes,  instead  of  to 
guns  and  batteries,  the  hour  of  need  will  demonstrate  that 
reliance  has  been  placed  upon  a  broken  reed. 


WATER-POWERS   AND  ELECTRICAL  TRANS- 
MISSION. I 


(From  the  Electrical  Engineer.) 


Various  articles  in  this  issue  bear  upon  the  important 
question  of  the  electrical  utilization  of  water  power.  The 
leading  contribution  on  the  subject  is  the  admirable  paper 
read  before  the  Buffalo  Electrical  Society  by  Mr.  Madison 
Buell,  who  has  made  a  masterly  compilation  of  the  data 
of  work  in  this  line,  and  presents  his  results  in  a  most  at- 
tractive and  instructive  form.  Another  article  is  that  de- 
scriptive of  the  work  proposed  at  Lauffen,  on  the  Neckar, 
in  the  transmission  of  300  H.P.  A  third  article  deals 
with  the  installation  for  the  extensive  utilization  of  water- 
power  electrically  at  Olympia,  Wash.,  and  a  fourth  gives 
some  details  of  the  work  already  begun  at  Joplin,  Mo., 
where  power  and  light  are  to  be  distributed  over  a  wide 
area  in  a  mining  district. 

It  will  be  observed  that  Mr.  Buell  looks  for  the  almost 
complete  replacement  of  steam-engines  by  turbines  through 
the  use  of  electricity.  While  we  share  many  of  his  opin- 
ions and  much  of  his  enthusiasm  on  the  task  that  water- 
power  has  before  it,  we  cannot  go  quite  so  far  as  he  docs. 
On  the  contrary,  we  believe  that  for  an  indefinite  time  to 
come  the  use  of  steam-engines  will  increase.  The  engines 
will  grow  in  size  and,  by  compounding  and  condensing 
methods,  be  made  more  and  more  economical  of  fuel  or 
water.  The  great  change  that  does  lie  before  us  is  that, 
instead  of  having  a  large  numbecof  separate  steam  plants, 
we  shall  have  central  steam  plants  whose  power  will  be 
cheaply  and  effectively  distributed  through  the  agency  of 
electricity.  This  process  has  already  begun,  and  the  ex- 
tension of  motor  service  has  the  beneficial  effect  also  of 
making  the  production  of  current  for  lighting  cheaper  too. 

In  a  word,  the  rapid  increase  in  water-power  plants  will 
not  greatly  affect,  or  be  affected  by,  the  existence  of  steam 
plants.  Any  change  that  comes  will  not  be  in  the  direc- 
tion of  abolishing  a  single  agency  we  now  enjoy,  but  rather 
by  way  of  limiting  each  to  the  work  tor  which  it  possesses 
undeniable  advantages  of  economy,  efficiency  and  availa- 
bility. Moreover,  while  the  water-powers  still  to  be 
brought  under  the  yoke  represent  an  enormous  total  waste, 
the  net  power  utilizable  will  be  but  a  fraction  of  the  sum. 
Thus  Niagara  takes  the  drainage  of  an  area  of  nearly 
250,000  square  miles,  but  it  is  only  a  small  part  of  Niagara 
that  even  the  most  sanguine  engineer  expects  to  put  in 
harness. 

It  seems  well  to  make  these  remarks  in  passing,  as  it  is 
often  said  by  way  of  criticism  that  electrical  engineers  in 
dealing  with  these  questions  are  too  fond  of  looking  upon 
all  the  possibilities  as  actual  achievements,  and  very  slow 
to  admit  the  existence  of  any  insurmountable  difficulties. 
If  this  be  a  fault,  it  is  at  least  a  pardonable  one,  and  cer- 
tainly Mr.  Buell  has  made  a  magnificent  showing  of  hard, 
honest  and  successful  work  in  this  field,  not  only  in  America, 
but  in  Europe  and  other  parts  of  the  world. 

As  demonstrating  the  advanced  state  of  the  art  of  the 
electric  transmission  of  water-power  as  compared  with  its 
condition  less  than  10  years  ago,  we  need  only  refer  again 
to  the  experiments  which  have  just  concluded,  and  which 
constitute  the  preliminary  tests  oJf  the  transmission  plant 
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NEW    INTERLOCKING   AT    THE   JERSEY   CITY   TERMINAL   PASSENGER 

CONSTRUCTED     I^^^HE    JOHNSON    RAILR 


THE    NEW    INTERLICKING    AT  THE 


The  accompanying  plan  shows  the  new  interlocking, 
recently  constructed  by  the  Johnson  Railroad  Signal  Com- 
pany, of  Rahway,  N.  J.,  in  connection  with  the  Jersey 
City  terminus  of  the  New  York,  Lake  Erie  &  Western 
Railroad.  There  are  three  towers — Coles  Street,  Grove 
Street,  and  the  terminus.  It  is  the  intention  of  the  Erie 
Company  to  make  use  of  the  new  towers,  in  extending  the 
Sykes  block  system  to  the  terminus,  by  three  additional 
block  sections,  substituting  this  system  for  the  automatic 
banjo  signals  at  present  in  use. 

The  terminus  tower  was  brought  into  service  on  Sun- 
day, May  3,  at  lo  a.m.  Owing  to  the  great  number  of 
train  movements  made  between  the  hours  of  8  a.  m.  and  lo 
A.M.,  and  from  «;  p.m.  to  7  p.m.,  the  levermen  were  given 
three  weeks'  instruction  and  practice,  and  three  practice 
Sundays,  working  the  traffic.  There  are  three  shifts  of 
levermen,  the  two  day  shifts  being  each  composed  of  three 
levermen  and  one  foreman,  and  the  night  shift  of  two 
levermen  and  one  foreman.    All  the  men  were  taken  from 


the  yard,  and  had  had  no  previous  experience  with  inter- 
locking. The  foreman  has  a  seat  in  the  bay-window,  and 
his  duty  is  to  attend  to  the  various  audible  and  visual 
notices  given  on  the  "train  describers,"  which  connect 
with  the  Train  Starter,  the  Yard  Master,  the  Engine  De- 
spatcher,  and  Bergen  West  Tower.  He  acknowledges  each 
notice  by  two  beats  of  the  bell.  The  train  describers  give 
him  timely  warning  of  the  nature  of  the  trains  or  engines 
moving  or  about  to  move  either  East  or  West.  Each 
train  describer  is  capable  of  14  indications,  all  of  which 
are  transmitted  by  two  lines  and  one  battery.  Grove 
Street  has  also  one  train  describer,  operated  by  Bergen 
West,  for  trains  coming  East.  All  important  points 
are  also  connected  by  telephone,  for  use  in  cases  of 
emergency.  The  train  describers,  telephones  and  bells 
are  all  conveniently  located  in  the  bay-window  of  the 
tower. 

The  Foreman  has  control  of  all  train  movements,  and 
the  levermen  work  in  accordance  with  his  verbal  instruc- 
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ment  was  considered  advisable,  owing 
jestion  of  traffic  at  certain  times  in  the 
It  tracks  in  the  train-shed,  and  the  de- 
•  trains  from  these  tracks  is  governed 
nounted  on  continuations  of  the  gate- 
the  shed.  These  signals  are  operated 
immediately  above,  and  in  easy  com- 
Station-master's  office.  On  the  arrival 
[lich  are  scheduled  to  connect  with  a 
n  the  up-town  and  down-town  ferries, 
posited  in  the  Station-master's  office, 
d  and  sent  up  to  the  signalman  above, 
tube.  On  receipt  of  the  slips,  he  noti- 
.1  tower,  by  a  train  describer,  that  a 
art  from  a  certain  track.  As  soon  as 
:  is  received  from  the  main  tower,  the 
d  of  the  track  is  lowered  to  the  clear 
•ms  the  train  conductor  that  his  train 
e  same  time  the  gate  is  closed. 


The  onjy  unique  signalling  is  that  on  the  signal  bridge. 
The  bridge  is  so  placed  that  the  signals  thereon  govern 
movements  from  any  track  to  any  track,  going  either  East 
or  West.  By  the  use  of  selectors,  all  the  bridge  signals 
are  operated  by  eight  levers.  Without  selectors  the  bridge 
signals  would  have  required  36  levers.  All  the  appliances 
are  those  of  the  Johnson  Railroad  Signal  Company.  A 
noticeable  feature  was  the  absence  of  trouble  through  the 
catching  of  locking.  This  trouble  is  very  noticeable  in 
bringing  into  use  a  Saxby  &  Farmer  machine  of  corre- 
sponding size. 

On  the  first  day  of  opening — Sunday,  May  3 — there  was 
no  delay  whatever  ;  but  when  the  rush  came  on  Monday 
morning,  the  men  became  somewhat  confused,  and  so  de- 
layed a  few  trains.  They  caught  up  with  the  time-table 
by  12  o'clock  noon.  The  same  thing  occurred  with  the 
afternoon  shift,  but  these  men  also  caught  up  with  the 
time-table  by  7  p.m.  On  Tuesday  morning  there  was  a 
remarkable  improvement  in  the  speed  with  which  the  trains 


were  handled,  and  no  delay  whatever  took  place.  About 
2  P.M.  an  accident  occurred  in  the  Bergen  Tunnel,  which 
completely  stopped  traffic  both  ways  for  three  hours. 
There  was  naturally  a  rush  when  the  tunnel  was  cleared, 
and  Superintendent  Stearns  says  that  the  shed  was  cleared 
in  quicker  time  than  had  evef  been  the  case  before  with 
the  hand  switches.  Since  then  there  has  been  a  gradual 
improvement,  so  that  the  Erie  Company  expects  presently 
to  find  plenty  ot  room  in  what  was  formerly  a  cramped 
train-shed. 

Mr.  C.  W.  Buckholz,  Chief  Engineer  of  the  New  York, 
Lake  Erie  &  Western  Railroad,  has  had  charge  of  the  con- 
centration and  rearrangement  of  the  switches,  and  also  of 
the  interlocking.  Mr.  Charles  R.  Johnson  and  Messrs. 
Henry  and  Arthur  H.  Johnson  are  the  contractors'  en- 
gineers. 

The  frogs  and  switches  were  supplied  by  the  Pennsyl- 
vania Steel  Company. 
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to  be  installed  in  connection  with  the  Frankfort  electrical 
exhibition  to  be  held  this  year.  It  will  be  recalled  that  in 
1882,  Marcel  Deprez  carried  out  his  famous  experiment  of 
transmitting  the  power  of  a  waterfall  at  Miesbach  to 
Munich,  a  distance  of  37  miles.  In  that  experiment, 
which  is  justly  looked  upon  as  the  one  which  finally  settled 
the  question  ot  the  practicability  of  long  distance  power 
transmission,  the  potentials  employed  barely  exceeded 
1,800  volts,  while  the  actual  power  obtained  from  the 
motor  at  the  distant  end  did  not  exceed  I  H.  P.  We  recall 
distinctly  the  bjections  raised  at  that  time  to  the  success 
of  the  system  of  transmission,  among  them  being  that  of 
the  inability  of  the  armature  to  withstand  successfully 
pressures  exceeding  very  much  the  one  employed.  At 
that  time,  however,  the  alternating  current  had  scarcely 
been  hinted  at,  much  less  put  in  actual  practice.  To-day, 
however,  the  converter  and  alternating  machine  allow  us 
to  use  potentials  20  times  as  great  as  that  deemed  safe 
only  10  years  ago,  by  confining  such  high  potentials  to  the 
outside  circuits,  and  employing  in   the   machine   at  the 


expansion  and  of  modern  make,  did  not  develop  a  power 
correspondmg  to  their  weight,  so  that  the  boats  could  not 
attain  the  desired  speed.  The  construction  of  the  new 
engines  was  entrusted  to  the  works  of  G.  Ansaldo  &  Com- 
pany, of  Sampierdarena,  who  are  favorably  known  through 
many  engines  furnished  for  the  Italian  Navy,  and  possess 
excellent  plant  for  work  of  this  character.  The  new  engines 
were  to  be  triple-expansion,  developing  with  a  boiler  pres- 
sure ot  160  lbs.  5,000  indicated  H.  P.  The  efforts  of  the 
engineers  of  the  firm  were  directed  toward  producing  an 
engine  of  the  greatest  simplicity  and  perfection  in  all  its 
parts,  so  that  the  result  represented  by  our  illustrations 
may  be  regarded  as  the  best  specimen  of  Italian  marine 
engineering  of  the  present  time. 

The  engmes  are  of  the  usual  type  for  mercantile  steam- 
ers, with  three  inverted  cylinders,  the  diameters  being 
0.94  m.  (37  in.)  for  the  high-pressure,  1.55  m.  (61  in.)  for 
the  intermediate,  and  2.50  m.  (98.5  in.  i  for  the  low-pres- 
sure cylinder,  the  stroke  of  the  pistons  being  1.52  m. 
(60   in.)    for   all    of  them.     The  valves  are   worked  by  a' 


station  the  low  tension  current  of  conversion.  Instead  of 
i  H.  P.  transmitted  for  27  miles,  it  is  contemplated  to 
transmit  300  H.  P.  over  115  miles,  and  over  a  wire  ].  in.  in 
diameter,  and  at  a  potential  of  30,000  volts.  With  these 
new  methods  at  our  command,  the  problem  of  economic 
transmission  of  water-powers  takes  on  an  entirely  new 
complexion,  and  where  once  the  cost  of  conductors  acted 
as  a  deterrent  to  the  undertaking  of  such  work,  the  pres- 
ent methods  relegate  their  consideration  to  an  inferior 
position.  The  success  of  the  proposed  plant  at  Frankfort 
would,  we  are  certain,  open  up  a  new  era  in  electric  power 
transmission  for  long  distances,  and  at  last  lead  to  the 
realization  of  the  predictions  made  10  years  ago,  that  not 
only  Niagara  but  every  other  available  water-power  would 
be  utilized  through  the  medium  of  electricity. 


A  TRIPLE  EXPANSION  MARINE  ENGINE. 


(From  the  Steamship  ) 


The  Italian  General  Navigation  Company  recently  de- 
cided to  change  the  engines  of  its  large  steamers  Sirio, 
Orione  and  Persto,  employed  on  the  line  between  Italian 
ports  and  the  Argentine  Republic,  with  a  view  to  increas- 
ing their  speed.     The   former  engines,   although  triplc- 


Stephenson  link  motion  with  open  rods.  The  reversal  of 
the  engines  is  obtained  by  means  of  a  small  auxiliary  en- 
gine with  two  coupled  cylinders,  which  turn  the  revers- 
ing shaft  by  means  of  a  worm  or  worm-wheel,  and  acts 
promptly  and  regularly.  The  condenser  is  placed  longi- 
tudinally alongside  the  three  engines,  and  is  made  in  two 
parts  that  may  be  disconnected,  so  as  to  use  one  only  while 
the  other  is  being  repaired.  To  the  condenser  two  air- 
pumps  and  the  usual  feed  and  bilge-pumps  are  attached. 
The  water  circulation  through  the  condenser  is  effected  by 
means  of  two  centrifugal  pumps,  with  separate  engines. 
For  feeding  the  boilers  several  pumps  on  Weir's  system, 
with  independent  motors,  an  auxiliary  pump  and  air-pump, 
steering  motors,  etc.,  are  provided.  All  parts  are  easily 
accessible,  and  the  principal  handles  within  reach  of  the 
engineer  on  a  platform  as  usual.  Steam  is  supplied  by 
four  large  double-ended  boilers  with  six  furnaces  each 
made  of  steel  plates,  with  Purves  furnaces.  The  total 
heating  surface  amounts  to  about  1.300  sq.  m.  (14,000  sq, 
ft.).     Two  funnels  carry  off  the  combustion  products. 

At  the  trial  the  engines  were  found  to  be  easy  to  handle 
and  to  work  regularly,  with  a  good  distribution  of  the 
stresses.  Several  trial  trips  were  made  in  the  Gulf  of 
Genoa,  both  in  quiet  and  rough  weather,  and  these  were 
very  satisfactory  as  regards  the  working  of  all  parts  and 
facility  of  steering.     Numerous  diagrams  were  taken  at 
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a  speed  of  75  revolutions,  which  was  the  maximum  ob- 
tained, as  well  as  at  70  and  68  revolutions,  which  proved 
that  the  power  demanded  from  the  engines  with  70  revo- 
lutions was  fully  obtained  ;  and  that  it  was  not  dillicult  to 
obtain  6.000  H.  P.  with  74  or  75  revolutions,  6,116  H.  P. 
having  been  indicated  on  a  run  of  ii^  miles.  During  the 
last  trial  of  6  hours  12  minutes,  in  which  the  average  con- 
tracted power  of  5,000  H.  P.  was  maintained,  the  con- 
sumption of  fuel  amounted  to  20,303  metric  tons,  or  1.43 
lbs.  per  indicated  H.  P.  per  hour,  which  is  a  very  satis- 
factory result,  if  wc  take  into  consideration  that  generally 
marine  engines  work  most  economically  at  a  less  power 
'than  the  indicated  power  contracted  for. 

The  crank-shaft  is  fitted  with  powerful  double  worm  and 
worm-wheel  gearing,  shown  at  the  left  side  of  the  illus- 
trations, for  which  we  are  indebted  to  L' Indus iria.  This 
serves  to  turn  the  crank-shaft  slowly  around  for  setting 
the  valves  and  making  other  adjustments,  and  is  no  doubt 
a  useful  adjunct  to  engines  of  such  large  size  as  those  de- 
scribed. The  dimensions  of  the  gearing  are  :  Pitch  diam- 
eter of  large  worm-wheel,  7  ft.  2  in.;  pitch  of  teeth,  3  in.; 
number  of  teeth,  90  ;  pitch  diameter  of  worm,  I2i  in. 
The  dimensions  of  the  first-motion  gear  are  :  Pitch  diam- 
eter of  wheel,  17.8  in.;  pitch  of  teeth,  2  in.;  number  of 
teeth,  28  ;  pitch  diameter  of  worm,  4.8  in. 

The  length  of  the  connecting-rods  of  the  engine  is  11  ft. 
2  in.  The  condenser  has  4,222  tubes  ;  the  length  between 
tube-plates  is  11  ft.  4  in.;  the  total  refrigerating  surface  is 
9.345  sq.  ft. 

In  the  illustrations  fig,  l  is  a  longitudinal  section  ;  fig. 
2  a  half  cross-section  ;  fig,  3  a  half  plan,  and  fig,  4  an  end 

view. 

« 

THE   ACCIDENTAL  VERIFICATION   OF  THE 
THEORY  OF  UNIVERSAL  GRAVITATION. 


By  Professor  J.  Howard  Gore,  Ph.D. 


We  are  indebted  to  a  mistake  for  the  theory  of  universal 
gravitation.  This  seems  strange,  and  the  curious  chain 
of  accidents  that  led  up  to  this  mistake  are  still  stranger. 

The  name  of  Newton  is  familiar  to  all,  and  to  many  he 
is  known  as  the  discoverer  of  this  wonderful  theory.  Its 
discovery  was  not  accidental,  but  it  had  been  sought  and 
not  found,  and  between  the  seeking  and  the  finding  laid 
the  fortunate  error. 

At  the  age  of  24 — that  is,  in  the  year  1665 — he  was 
obliged  to  leave  Cambridge,  owing  to  the  presence  of  a 
plague  there,  and  go  to  his  ancestral  home  at  Wools- 
thorpe.  There  he  found  that  quiet  solitudje  that  was  so 
welcome  to  his  student  nature,  and  thus  removed  from  the 
world's  noisy  bustle,  his  mind  turned  to  the  contempla- 
tion of  physical  phenomena.  One  of  these  was  gravity  ; 
and  while  trying  to  find  some  tangible  clew  to  this  mystic 
power  of  nature,  it  is  said  that  he  was  aroused  from  his 
day-dream  by  the  fall  of  an  apple.  Some  assert  that  the 
apple  struck  him  on  the  head,  and  so  gave  him  an  idea  of 
the  momentum  acquired  in  falling.  If  he  happened  to  be 
in  a  very  brown  study  the  blow  would  hardly  suffice  to 
awake  him,  if  we  may  judge  from  the  following  anecdote  : 

Newton,  when  riding  through  the  country,  on  .one  oc- 
casion came  to  a  hill  which  he  thought  too  steep  for  the 
horse  to  ascend  with  ease  while  encumbered  with  the  rider, 
so  he  dismounted,  and  throwing  the  rein  over  his  arm,  he 
walked  leisurely  up  the  hill,  leading  the  horse.  Some  in- 
teresting problem  or  idea  took  possession  of  his  mind, 
causing  him  to  be  unconscious  of  his  arrival  at  the  top, 
nor  did  he  think  of  mounting  until  fatigue  suggested  that 
riding  was  more  agreeable  than  walking.  He  turned 
around  to  mount,  but  instead  of  finding  his  horse  he  found 
only  the  bridle,  which  he  had  been  clragging. 

Whether  the  apple  hit  him  or  not,  whether  it  fell  or  not. 
It  was  while  in  the  country  that  he  began  his  speculations 
regartling  gravity,  reasoning  that  the  force  which  draws 
downward  a  stone  from  the  hand,  an  apple  from  the  top  of 
the  highest  tree,  a  drop  of  water  from  the  loftiest  cloud, 
might  extend  still  further— drawing  the  moon  to  the  earth, 
the  earth  toward  the  sun,  with  centrifugal  force  to  keep  all 
in  place'. 


Thus  a  question  was  asked  ;  the  problem  stated  chal- 
lenged a  solution.  Nor  was  progress  arrested  until  dia- 
gram and  figures  had  exhausted  their  resources.  Suppose 
.£■  be  the  earth  and  M  N  the  orbit  of  the  moon — that  is, 
the  path  the  moon  follows  in  revolving  around  the  earth. 
It  was  known  before  Newton's  time  that  the  distance  from 
the  earth  to  the  moon  was  60  times  the  radius  of  the 
former.  If  the  moon  moved  in  a  straight  line,  as  it  natu- 
rally would  if  not  acted  upon  by  some  other  force,  at  the 
end  of  a  given  time— say  one  second — it  should  be  at  T j 
but  it  was  known  to  be  at  N — that  is,  the  moon  had  fallen 
in  one  second  toward  the  earth  through  the  distance  T N. 
This  Newton  surmised  was  the  effect  of  gravity,  the  amount 


of  the  attraction  exercised  on  the  moon  by  the  earth.  The 
fall  T^.Vwas  known,  the  distance  through  which  a  body 
on  the  surface  of  the  earth  falls  in  one  second  was  known, 
and  the  fact  that  within  certain  limits  the  force  of  gravity 
decreases  as  the  square  of  the  distance  increases  was  ac- 
cepted. If  this  law  of  gravity  was  true,  7"  A'' should  be  to 
16  feet  the  distance  a  body  falls  in  one  second  on  the  sur- 
face of  the  earth,  in  a  proportion  which  was  inversely  as 
the  square  of  the  distance  of  the  moon  from  the  center  of 
the  earth  was  to  the  radius  of  the  earth.  This  proportion 
gave  for  T  N  a  value  one-eighth  less  than  observation 
showed  it  to  be. 

Where  was  the  trouble  ?  Either  the  hypothesis  was 
wrong  or  else  the  data  incorrect.  Every  element  of  the 
latter  had  been  confirmed  by  repeated  observers  except 
the  radius  of  the  earth,  and  surely  this  must  be  right,  for 
it  was  taken  from  the  computations  of  a  Cambridge  man 
(Wright).  Therefore  this  hypothesis,  so  brilliant  in  con- 
ception, must  be  laid  aside  as  insuflicient  in  action,  and  the 
failure  of  this  Achilles  being  known  by  all  the  great  men 
of  England,  checked  further  research  in  this  direction. 
This  was  the  seeking. 

About  this  time  he  became  so  much  absorbed  in  the  be- 
ginnings of  the  calculus  and  theories  of  light  that  he  "  laid 
aside  all  thoughts  concerning  the  moon."  Not  being  im- 
patient to  rush  into  print,  but  preferring  to  work  quietly  and 
for  his  own  pleasure,  he  seldom  prepared  for  publication, 
but  stopped  as  soon  as  he  could  with  his  prophetic  vision 
see  results  confirming  or  disproving  hypotheses.  There- 
fore Hooke,  secretary  of  the  Royal  Society  of  London, 
wrote  to  him,  asking  him  to  contribute  something  to  the 
Philosophical  Transactions,  the  organ  of  the  Society.  In 
1683  he  complied  with  the  request,  sending  a  little  disserta- 
tion to  refute  the  popular  belief  that,  since  the  earth  moved 
from  west  to  east,  all  falling  bodies  would  be  left  to  the 
east  ;  maintaining  that  they  would  be  left  to  the  westward, 
and  that  the  path  of  the  body  would  not  be  a  straight  line. 
He  drew  on  the  margin  of  his  paper  a  line  to  show  the 
kind  of  path  which  would  be  described,  but  then,  thinking 
that  the  diagram  would  add  nothing  to  his  paper,  he 
crossed  it  out  by  running  his  pen  along  this  line  in  a  wavy 
manner,  as  we  now  often  do.  Hooke,  thinking  the  spiral 
line  was  meant  for  the  real  path  and  the  other  line  for  the 
path  of  popular  belief,  wrote  in  haste,  saying,  "  You 
surely  do  not  mean  to  say  that  the  fallmg  body  has  a  spiral 
path  ?"  As  is  well  known,  Newton  shrunk  from  contro- 
versies, even  of  the  most  friendly  character  ;  he  therefore 
decided  to  work  over  the  entire  problem  and  extend  up- 
ward the  point  from  which  the  body  was  supposed  to  drop. 
Ashe  cairied  this  point  higher  and  higher,  he  naturally 
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thought  of  his  investigations  made  18  years  before  con- 
cerning the  universality  of  gravitation.  And  simul- 
taneously with  this  thought  came  the  recollection  that  a 
new  determination  had  been  made  of  the  size  of  the  earth  ; 
perhaps  he  remembered  that  the  former  Secretary  of  the 
Royal  Society  had  communicated  to  its  members  the  re- 
sults of  this  measurement.  At  all  events,  a  search  in  the 
Transactions,  published  in  1675,  disclosed  a  new  value  for 
the  earth's  radius  found  from  arc  measurements  made  by 
I'icard. 

Who  was  Picard  ?  He  was  a  priest  more  interested  in 
mathematics  than  in  religion,  who  was  fortunate  in  being 
a  friend  of  Mouton,  a  priest  at  Lyons,  who  was  a  friend  of 
Riccioli,  a  priest  at  Bologna,  who  owned  a  book  written 
by  Snell.  Thus  we  go,  step  by  step,  like  in  the  "  House 
that  Jack  Built,"  down  to  Snell,  and  the  question  comes. 
Who  was  he  ? 

Snell  was  a  Dutch  mathematician  who  deserves  our 
highest  praise  for  conceiving  and  putting  in  successful 
operation  the  method  now  in  use  for  determining  the  size 
of  the  earth  by  triangulation.  His  report  was  published  in 
Leyden  in  1617,  and  by  some  chance  a  copy  of  it  reached 
the  headquarters  of  the  order  of  Jesuits  at  Bologna.  It 
was  seed  falling  in  good  ground,  for  it  came  into  the  hands 
of  Riccioli,  a  member  of  that  order.  He  was  compiling 
a  riformed  geography,  introducing  the  latest  discoveries, 
and  so  revising  old  observations  that  the  results  might  be 
free  from  incongruities,  or  at  least  be  harmonious  with 
one  another.  One  of  the  elements  on  which  no  two  agreed 
was  the  radius  of  the  earth  ;  but  to  Riccioli  the  method  of 
Snell  appeared  by  far  the  best ;  but  before  accepting  it  defi- 
nitely he  hoped  some  one  else  might  test  it. 

Driven  by  the  heat  from  Bologna,  the  Jesuit  brethren 
repaired  to  their  summer  home  on  the  mountain-side,  and 
while  there  Riccioli,  looking  down  upon  the  plains  at  their 
feet,  saw  a  good  place  for  a  base  line,  and  all  around  him 
were  points  well  situated  for  trigonometric  stations.  This 
suggested  that  he  himself  should  be  the  one  to  test  the  re- 
sults of  Snell  and  publish,  at  any  rate,  their  average  in  his 
cyclopaedic  work.  The  execution  soon  followed  the  con- 
ception, and  in  a  short  time  his  results  found  their  way 
into  many  cloisters  and  ecclesiastic  homes.  One  of  these 
was  the  collegiate  institute  at  Lyons,  where  Mouton  was 
director  of  the  choir. 

This  chorister  was  interested  not  only  in  solemn  chants 
and  cadenced  marches  ;  he  found  his  greatest  pleasure  in 
musing  on  the  harmony  of  nature  and  the  music  of  the 
spheres.  He  saw  discord  in  many  conventional  systems, 
especially  in  the  system  of  measures,  where  the  confusion 
of  varieties  was  confounded  by  their  uncertain  relations. 
So  he  set  himself  to  work  to  devise  a  system  which  should 
have  a  fixed  and  natural  basis  and  a  simplicity  which 
would  commend  itself  to  all  peoples.  This  was  the  aim 
of  the  proposers  of  the  metric  system  ;  now  let  us  see  how 
completely  this  forgotten  priest  antedated  th«  French 
academicians  by  one  hundred  and  thirty  years,  and  sur- 
passed them  in  form  and  comeliness. 

When  Riccioli's  book  reached  Mouton,  giving  the 
length  of  a  degree  of  the  earth's  meridian,  the  thought 
came  to  the  latter  that  here  was  to  be  found  a  unit  of 
measure.  So  he  took  the  length  of  one  minute  of  arc  and 
then  one-thousandth  of  a  minute  ;  this  he  called  a  virga  ; 
ten  virga  was  a  dccuria,  the  Latin  for  by  tens  ;  ten  decuna 
was  to  be  a  centiiria,  meaning  by  hundreds  ;  and  ten  cen- 
turia  a  milliar,  which  was  also  the  length  of  a  minute  of 
the  earth's  circumference.  The  virga  was  to  be  divided 
into  ten  parts,  each  called  avirgula  ;  one  tenth  of  this  was 
a  decima,  meaning  a  tenth  ;  one-tenth  of  a  decima  was  a 
centesima,  meaning  one-hundredth  ;  one-tenth  of  a  cen- 
tesima  was  a  millesiina,  meaning  one-thousandth.  From 
this  it  can  be  seen  that  Mouton  developed  a  decimal  sys- 
tem and  based  it  on  the  size  of  the  earth,  the  two  features 
which  were  the  boast  of  the  propounders  of  the  metric 
system,  and  surpassed  them  in  the  terms  which  he  em- 
ployed, using  words  taken  from  only  one  language,  and  in 
their  proper  etymological  sense. 

Nor  did  he  stop  here.  He  showed  how  the  length  of  his 
unit  could  be  preserved  by  giving  in  terms  of  it  the  length 
of  the  pendulum  making  an  oscillation  in  one  second. 
This  idea  was  adopted  many  years  later  by  the  English 


for  preserving  the  length  of  the  yard.  In  contemplating 
the  great  advance  here  made  one  must  realize  that  this  was 
in  1665,  several  years  before  Huygens  announced  his  in- 
y  estigations  regarding  the  pendulum. 

The  only  way  to  account  for  the  complete  oblivion  into 
which  this  wonderful  work  of  Mouton  fell  is  to  say  that  he 
was  far  in  advance  of  his  time,  and  being  a  comparatively 
obscure  man,  his  radical  views  found  no  adherents.  The 
report  of  his  scheme  is  published  in  a  book  treating  of  the 
apparent  diameter  of  the  sun  and  moon,  but  the  book  has 
been  practically  lost,  and  after  two  hundred  years  of  for- 
getfulness  it  was  only  recently  brought  to  light  through 
my  instrumentality. 

Mouton  and  Picard,  both  in  the  priesthood,  were 
friends,  and  were  interested  in  the  same  subjects.  Picard 
had  visited  Mouton,  as  he  himself  confesses,  but  he  does 
not  acknowledge  in  1675,  when  he  speaks  in  glowing  terms 
of  the  possibility  of  using  the  pendulum  to  fix  a  unit  of 
measure,  that  his  friend,  ten  years  before,  had  not  only 
proposed,  but  had  accomplished  that  very  scheme.  Picard's 
quick  wit  soon  enabled  him  to  see  that  here  was  a  chance 
to  distinguish  himself,  so,  benefiting  by  what  Mouton  had 
done,  he  hastened  to  make  a  measurement  of  the  circum- 
ference of  the  earth  near  Paris. 

This  was  done  with  better  instruments  and  greater  care 
than  had  yet  been  used.  Every  part  of  his  work  we  now 
know  was  blemished  by  errors.  Fortunately  for  us  they 
were  of  a  compensating  character,  each  one  destroying 
some  other,  until  the  final  result  was  quite  near  the  truth. 

This  was  the  error. 

We  left  Newton  just  as  he  had  found  this  result  of 
Picard's.  When  we  return  to  him  we  see  him  rejoicing  in 
the  discovery  that  the  diameter  of  the  earth  was  about 
1,000  miles  more  than  he  had  heretofore  supposed.  Per- 
haps this  new  value  might  enable  him  to  demonstrate 
the  universality  of  gravitation.  He  tried  it.  and  as  the 
figures  took  their  places  in  the  compulation  under  Iheir 
master's  direction  and  passed  through  the  evolutions  at 
his  command,  there  began  to  dawn  a  result  which  would 
confirm  his  hypothesis  and  make  of  his  theory  an  accepted 
fact. 

This  was  an  anxious  moment  for  the  hopeful  philoso 
pher,  and  so  completely  did  he  yield  to  this  anxiety  that  he 
was  obliged  to  ask  a  friend  to  complete  the  computation, 
nor  did  he  find  rest  for  his  mind  until  there  came  to  him 
the  joyful  news,  "  the  figures  check  the  fancied  truth." 

This  was  the  finding. 

The  French  astronomer  stumbled  more  wisely  than  he 
knew  ;  the  English  philosopher  harmonized  theory  with 
fact,  applied  the  finite  to  the  infinite,  and  harnessed  the 
worlds  with  invisible  traces. 


ARMY  ORDNANCE   NOTES. 


In  Washington,  May  12,  bids  were  opened  in  the  Ord- 
nance Bureau  of  the  War  Department  for  supplying  steel 
forgings  for  8-in.,  lo-in.,  and  12-in.  guns  for  coast  de- 
fense, and  for  armor-piercing  projectiles  for  guns  of  these 
calibers.     These  bids  may  be  summed  up  as  follows  : 

GuK  I' or  flings  : 

Cethleliem  Midvale 

Iron  Co.  Steel  Co. 

10  sets  for  8-'m.  guns .i. ..,.  a8J^  cts.  per  lb.  29  cts.  per  lb. 

10  sets  for  lo-in.  guns...., ^y... '."..<. ..,.28J^    "         "  27    "         " 

10  sets  for  12-in.  guns....  ,i..,i.-» aSJ^    "         "  27    "        " 

ArtHor-Pierchig  Shells  : 

Carpenter  Midvale 

■;--\..    ■•■..:. A-                                                  Steel  Co.  Steel  Co. 

104  irbr  8-m.  gun -. $15,988  $14,500 

208  for  lo-in.  g««. ......... . .  .'.i* ;. 57  408  58,425 

52  for  12-in.  gun ....V.....   24,960  25,000 

The  bid  of  the  Bethlehem  Iron  Company  was  condi- 
tioned on  an  order  tor  all  the  forgings  ;  if  a  portion  only 
should  be  taken,  the  price  named  was  30  cents.  As  an 
alternative  bid,  the  Bethlehem  Company  offered  to  supply 

11  sets  of  8  in,  forgings.  10  sets  of  lo-in.,  and  11  sets  of 
12-in.  at  $800,000.  This  bid,  however,  was  for  lower- 
weight  forgings  than  are  called  for. 

It  is  understood  that  the  contract  for  the  gun  forgings 
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will  be  awarded  to  the  Midvale  Company  and  that  for  the 
shells  to  the  Carpenter  Steel  Company. 


TESTS  OF  A  COMPOUND  LOCOMOTIVE. 


By  F.  W.  Johnstone,  Superintendent  Motive  Power, 
Mexican  Central  Railway. 


The  account  given  below  is  of  a  comparative  test  of  a 
simple  consolidation  engine  and  a  compound  consolida- 
tion engine,  in  the  same  service  on  a  mountain  section  of 
the  Mexican  Central  Railway. 

description  of  engines. 

The  simple  high-pressure  consolidation  engine.  No.  107, 
selected  for  the  trial,  is  a  Baldwin  locomotive  of  recent 
design  with  ample  boiler  capacity,  20  X  24  in.  cylinders 
and  48  in.  drivers.  This  engine  had  just  been  thoroughly 
overhauled  in  the  Mexico  City  shops,  and  was  in  perfect 
condition  when  the  tests  were  made. 


(Mexico).  It  was  decided  to  make  the  change  on  this 
Rogers  consolidation  engine.  This  work  was  not  allowed 
to  interfere  with  the  regular  work  of  the  shops,  but  was 
earned  on  from  time  to  time  as  circumstances  would  ad- 
mit, so  that  it  was  just  about  12  months  from  the  com- 
mencement of  the  work  to  its  completion.  As  it  was 
necessary  to  put  in  a  new  fire-box,  it  was  decided  to  in- 
crease its  length  to  9  ft.  4  in.  The  engine  was  stripped 
and  the  boiler  work  done  outside,  while  the  patterns  and 
castings  were  being  made  for  the  compound  cylinders. 

The  principle  adopted  by  the  Superintendent  of  Motive 
Power,  Mr.  F.  W.  Johnstone,  will  be  readily  understood 
by  referring  to  fig.  i.  It  will  be  seen  that  the  high-pres- 
sure cylinder,  which  is  14  in.  diameter  by  24  in.  stroke,  is 
placed  within  the  low-pressure  cylinder,  which  is  30J  in. 
diameter  by  24  in.  stroke,  or  equal  to  a  cylinder  of  24^  in. 
diameter  after  deducting  area  of  high-pressure  cylinder 
and  the  sleeve  surrounding  it. 

The  ratio  of  the  cylinders  is  three  to  one. 

The  low-pressure  piston  is  provided  with  two  rods,  and  the 
high-pressure  with  one  ;  the  three  rods  are  secured  to  the 


Fig.  I. 


The  compound  engine.  No.  66,  was  originally  a  Rogers 
consolidation,  built  in  1882,  with  20  x  24  in.  cylinders  and 
50  in.  drivers,  weighing  82,000  lbs.  on  the  drivers,  fire- 
box inside  of  frames  and  only  6  ft.  long.  This  engine  was 
so  inefficient,  it  was  decided  when  taken  out  of  service  for 
general  repairs,  to  let  it  lay  outside  and  await  its  chances 
of  occupying  a  pit  in  the  shops,  which  were  always 
crowded  with  work  upon  more  useful  engines. 

In  August,  1889,  the  advisability  of  trying  the  compound 
principle  on  this  road  was  discussed  bv  the  General  Man- 
ager and  Superintendent  of  Motive  Power  Department, 
with  the  view  of  ascertaining  what  saving  could  be  effected 
in  the  consumption  of  fuel,  which  is  the  heaviest  item  of 
expense   in   the  operation    of    railroads   in   this  country 


same  cross-head,  both  pistons  acting  in  the  same  direction. 

The  valve,  which  is  a  very  important  feature  of  this  de- 
sign, is  so  constructed  as  to  distribute  steam  to  both  high 
and  low-pressure  cylinders,  requiring  but  one  valve-stem, 
which  is  actuated  by  the  link  motion  as  formerly  used  on 
the  locomotive,  no  change  having  been  made  in  it. 

The  valve  is  made  in  two  sections,  the  outer  portion 
distributing  steam  to  the  high-pressure  cylinder,  and  the 
inner  section  to  the  low-pressure  cylinder.  The  inner 
section  is  carried  by  the  outer,  and  has  one  inch  less  travel, 
the  outer  traveling  6  in.  and  the  inner  travelings  in.  The 
object  of  this  is  to  retard  the  point  of  cut-off  to  the  low- 
pressure  cylinder  and  also  to  reduce  the  compression  on 
the  front  of  the  high-pressure  piston.  By  reference  to  the 
indicator  cards  it  will  be  seen  that  this  has  been  accom- 
plished in  a  very  satisfactory  manner. 

I''or  instance,  when  the  high-pres.sure  admission  is  cut  off 
at  9  in.  the  low-pressure  continues  open  to  the  admission  of 
steam  for  17  in.  On  the  other  hand,  the  compression  on 
the  high-pressure  piston  which  would  begin  at  9  in.  piston 
travel,  were  both  sections  of  valve  made  to  move  together 
with  the  same  point  of  cut-off,  does  not  take  place  until 
17  in.  in  the  high-pressure  piston  and  19  in.  in  the  low- 
pressure.  With  14  in.  cut-off  in  the  high-pressure  cylinder 
we  get  20  in.  cut  off  in  the  low-pressure  cylinder,  com- 
pression beginning  at  20  in.  in  the  high  pressure  and  22 
in.  in  the  low  pressure. 

A  simple  arrangement  of  starting  valves  enables  the 
engineman  to  throw  the  engine  into  high  pressure,  steam 
being  admitted  through  a  reduced  opening— through  the 
small  valve  shown  on  top  of  the  steam-chest  in  fig.  i — 
into  the  low-pressure  cylinders  ;  when  this  is  done  the  high- 
pressure  piston  is  put  into  equilibrium,  but  the  two  low- 
pressure  pistons  act  with  a  force  equal  to  two  24^  in. 
pistons  ;  therefore,  the  engine  has  a  much  larger  starting 
power  than  any  high-pressure  locomotive  of  ordinary  build. 
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THE  TESTS. 


The  tests  were  carefully  conducted  by  Mr.  E.  V.  Sedg- 
wick, Master  Mechanic  of  the  San  Luis  Potosi  Division, 
assisted  by  Mr.  J.  H.  Ebert,  Traveling  Engineer. 

The  crew  in  charge  of  engine  No,  107  were  Messrs. 
\V.  H.  Spicer,  engineer,  and  N.  Campos,  fireman.     The 


. VVf*>ijr7j..»kfc, 


Qyx^povv^  _  Ko.  bb. 


F»ci   Z. 


. V<»ter-\'t  »ve       . 


J 


1;  ^•^  ^        ;         Con5«\, dftrlO^  _  No.  10-^ 


compound  engine,  No.  66,  was  under  the  charge  of 
Messrs.  George  B.  Ridgely,  engineer,  and  G.  A.  Daily, 
fireman.  These  crews  were  selected  for  their  ability  in 
getting  good  work  out  of  their  engines,  and  had  been 
handling  these  engines  for  two  months  before  the  trial 
began. 

It  was  decided  to  keep  the  record  of  trips  between  San 
Juan  del  Rio  and  Mexico  City,  as  it  was  always  possible 


hauled  on  each  train,  as  it  was  desirable  to  keep  a  record 
of  the  performances  of  engines  on  the  continuous  grade 
from  San  Juan  del  Rio  to  Cazadero,  as  well  as  a  record  of 
the  performance  over  the  entire  division. 

While  the  engine  was  standing  in  the  engine  house  at 
San  Juan  del  Rio  steam  was  kept  up  With  wood,  the  tender 
was  emptied  of  all  coal,  and  a  quantity  thought  to  be  suffi- 
cient to  take  the  train  to  Cazadero  was  weighed  and  placed 
upon  it.  The  boiler  was  given  a  half  glass  of  water,  and 
fire  was  made  up  with  coal  which  had  been  weighed  out 
to  the  engine.  This  was  generally  done  about  30  minutes 
before  starting  out  with  train.  If  the  coal  weighed  out  to 
the  engine  was  not  sufficient  to  take  the  train  to  Cazadero, 
more  coal  was  put  upon  the  tender  while  running,  and 
any  coal  remaining  on  the  tank  after  reaching  Cazadero 
was  weighed  and  the  amount  deducted  from  the  total. 
The  same  was  done  upon  arrival  at  Mexico. 

The  quantities  of  water  used  was  arrived  at  in  the  fol- 
lowing manner.  A  glass  tube  5  ft.  long  was  placed  on 
each  side  of  the  tank  centrally,  fore  and  aft,  and  con- 
nected to  bottom  of  tank  by  pipes  and  suitable  stuffing- 
boxes  to  make  joint  at  bottom  of  glass  tubes,  the  upper 
ends  being  left  open.  These  tubes  were  protected  by 
brass  pipes  with  slots  cut  nearly  their  entire  length  to 
admit  of  water  level  in  glass  tubes  being  seen.  The  tank 
was  filled  with  water,  and  the  level,  shown  in  the  two  glass 
tubes  was  marked.  O  on  the  brass  pipes  ;  water  was  then 
drawn  off  into  a  baVrel  which  had  been  carefully  weighed, 
precaution  having  been  taken  to  fill  the  barrel  and  let  it 
soak  over  night  to  insure  getting  the  weight  of  the  empty 
barrel  correctly.  The  barrel  was  placed  upon  scales  and 
filled  until  it  contained  333J  lbs.  of  water,  then  gauged  at 
water-line.  Therefore,  in  measuring  the  tanks  every  three 
barrels  of  water  drawn  represented  1,000  lbs.,  and  the 
level  in  glass  tubes  noted  and  marked  accordingly  for 
each  1,000  lbs.  drawn  from  the  tank. 
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to  get  full  trains  out  of  the  former  place,  and  these  trains 
generally  came  through  without  breaking  bulk. 

The  trains  were  weighed  on  track  scales  after  having 
been  made  up  and  just  before  starting.  A  coal  car  was 
titted  up  with  a  platform  in  the  center  provided  with  plat- 
form scales  ;  this  car  was  coupled  to  back  of  tank  and  all 
coal  put  upon  the  tender  was  weighed  in  boxes  and  taken 
up  an  incline  formed  by  two  planks  reaching  from  plat- 
form on  coal  car  to  back  of  tender.    The  coal  car  was 


Before  starting  tire  with  coal  at  San  Juan  del  Rio  the 
water  in  the  boiler  was  regulated  to  half  glass  and  the 
height  of  the  water  in  the  tank  noted,  the  mean  of  both 
tubes  being  recorded.  When  a  water  station  was  reached 
the  height  of  water  in  the  tender  was  noted  both  before  and 
after  taking  water.  As  the  1,000-lb.  marks  on  tubes  were 
about  2  in.  apart,  it  was  an  easy  matter  to  ascertain 
accurately  the  quantity  of  water  used  between  any  given 
points.     The  water  lost  through  the  overflow  of  the  mjcc- 
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tors  (Sellers'  improved)  was  so  inconsiderable  it  was  not 
taken  account  of.  On  the  first  trip  this  waste  water  was 
caught  and  measured  and  found  to  be  so  little  that  no  further 
effort  was  made  to  take  it  into  account.    The  blow  off  cocks 


few  minutes  apart  show  that  no  reliance  can  be  placed 
upon  this  method  of  ascertaining  the  amount  of  work  done 
by  a  locomotive  over  a  section  of  road,  even  when  the 
grades  are  quite  uniform.     Seeing  the  necessity  for  a  more 
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were  used   as  sparingly  as  possible,  and   when  used 
account  was  taken  of  water  thus  thrown  away. 

These  engines  were  not  favored  in  any  way  ;  they  laid 
over  at  sidings  to  await  other  trains,  and  did  more  or  less 
switching  at  various  points  each  trip,  the  object  being 
to  simply  keep  a  record  of  coal  and  water  used  while  en- 
gines were  doing  their  regular  duty  in  freight  service. 
The  engineers  were  not  interfered  with,  but  allowed  to 
handle  the  engines  as  they  had  been  accustomed  to  do. 

Indicator  cards  were  taken  from  each  engine  merely  to 
show  the  action  of  the  valve-gear,  and  not  for  the  purpose 
of  attempting  to  arrive  at  the  work  performed  by  the  en- 
gine for  the  trips,  or  for  any  given  distance  or  space 
of  time  during  the  trip,  as  the  horse-power  developed  by  a 
locomotive  is  constantly  varying,  and  cards  taken  but  a 
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comprehensive  method  of  arriving  at  the  duty  of  a  loco- 
motive in  regular  service  for  a  trip  or  for  a  month's  work, 
the  Superintendent  of  Motive  Power  decided  in  the  latter 
part  of  1884  to  reduce  the  work  done  by  all  engines  in 
freight  and  passenger  service  to  so  many  "  Units  of 
Work"  performed.^ 
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TABLE  No.  I. 
Locomotive  Dimensions. 


Locomotives. 


Cylinder  size 

Ratio  L.  P.  toH.  P 

Driving-wheel  diameter 

N  o.  of  drivers 

Weight  on  drivers 

Weight  of  engine  and  tank...v..,» 

Di.T  meter  of  shell  of  boiler. ... ... 

No.  of  tubes 

Size  and  length  of  tubes .... . «,,  . V*.?^.**  ...... 

Grate  area  in  square  feet....    ..'....'.'.. 

J1  eating  surface  of  fire-box  in  square  feet 

Heating  surface  of  tubes  in  square  feet    

Total  heating  surface 

Working  boiler  pressure., 

Water  capacity  of  boiler  in  per  cent 

Steam  space  of  boiler  in  per  cent,  with  water 
6"  above  crown  sheet .i.' ;....,,.   

G  rate  are.is  of  boiler  in  per  cent. 


Nov66, 
Compound. 


14"  X  24" 

3  to  I 

48 

8 

100,000  lbs. 

180,000  lbs. 

52 

300 

2"  X  II'  :  7" 
21. 5 
148 

I,200 

».348 
100 
100 

ICO 


No.  107, 
Consolidation. 


20"  X  24' 


8 

100,000  lbs. 

180,000  lbs. 

60 

iq6 

2}i"  X  13' :  I 
30- 4 
152 
1,489 

1,641 
150 

118 

168 


TABLE  No.  a. 

Pkrformanch  of  Locomotives  iiktwkkn  San  Juan  del  Rio  and  Mexico, 

USING  Bituminous  Coal  from  the  Minbs  of  San  Antonio,  N.  M. 


Date  of  trips .•.'^;  V/. 

Total  hours  on  trip ••iv« 

Actual  running  time... ..'     . 

No.  of  cars  in  trains 

Total  weight  of  train,  including  engine  and 

tender,  in  tons  of  3,000  lbs 

Total  units  of  work  performed 

Pounds  of  coal  consumed 

Pounds  of  water  used 

Units  of  work  per  ton  coal 

Units  of  work  per  ton  of  water 


Engine  66. 

Nov.  15, 

Nov.  25, 

1890. 

1890. 

13.20 

13-40 

10.00 

10.40 

14 

15 

494 

489 

1,6.3 

1,598 

I3i30o 

13,200 

74,000 

73,000 

342.6 

342.1 

43-6 

43.8 

Engine  107. 


Dec.  10, 

iSc^o. 

1313 
9.0S 
16 

483 

1,477 
15,800 
82,000 

186.9 
36.0 


Dec.  12, 

1890. 

11.35 

7-4S 

14 

507 

1.590 

16,000 

83.000 

X98.7 

38.3 


RESULT. 

Aver.ige  of  two  trips  shows  the  Compound  Engine  66  doing  24  per  cent,  more 
units  of  work  per  ton  of  coal  and  18  per  cent,  more  units  of  work  per  ton  of 
water  than  Engine  107. 


One  hundred  gross  tons  hauled  one  mile  at  a  very  low 
rate  of  speed  over  a  straight  and  level  track  was  taken 
as  a  "  Unit  of  Work."  The  profile  of  the  road  was  care- 
fully studied  and  the  line  reduced  to  an  equivalent  of  a 
straight  and  level  track  (curves  being  compensated  were 
left  out  of  the  calculation). 

Tables  were  then  formed  to  facilitate  the  computation 
of  the  units  of  work  performed  by  each  locomotive 
during  the  month.  Separate  tables  had  to  be  made  up 
tor  passenger  and  freight  service,  as  that  for  passenger 
trains  was  based  upon  a  speed  of  31  miles  per  hour,  while 
the  freight  train  table  was  based  upon  16  miles  per  hour. 
This  was  necessary,  as  the  resistance  due  to  speed  is  differ- 
ent for  the  two  classes  of  service. 

In  arriving  at  the  work  done  all  changes  in  the  weight 
of  trains  are  taken  into  account,  and  the  units  of  work 
performed  between  any  two  points  with  a  given  weight  of 
train  is  shown  by  the  tables.  The  weight  of  train  is  taken 
from  conductors*  reports  of  loaded  and  empty  cars,  weight 
of  engine  and  tender  added.  Loaded  cars  average  at  24 
tons  and  empty  cars  at  12  tons.  These  figures  have  been 
checked  with  the  year's  gross  and  net  ton-miles  and  found 
to  be  very  accurate.  This  system  has  been  in  use  on  the 
Mexico  Central  Railroad  for  the  past  six  years,  and  has 
proved  most  satisfactory.  The  performance  of  light  en- 
gines on  level  divisions  can  thus  be  compared  with  that  of 
heavy  engines  on  the  mountain  divisions.  The  premiums 
given  for  the  most  economical  use  of  fuel  are  determined 
by  the  units  of  work  per  ton  of  coal  shown  on  Performance 
Sheet  for  the  month. 

These  years  of  experience  having  established  the  cor- 


TABLE  No.  3. 

Performance  of  Locomotives  between  San  Juan  oel  Rio  and  Mexico, 

I/sing  English  Bituminous  Coal. 


Date  of  trips 

Total  hours  on  trip 

Actual  running  time ..»^  .^cf*..... 

No.  of  cars  in  train 

Total  weight  of  train,   including  engine 

and  tender,  in  tons  of  2,000  lbs 

Total  units  of  work  performed 

Pounds  of  coal  consumed  

Pounds  of  water  used 

Units  of  work  per  ton  coal ... 

Units  of  work  per  ton  water ,..^«^.v. 


Engine  66. 


Jan-  17, 

1891. 

15.30 

le.oo 

»4 

491 

1,604 

i>,ooo 

69,000 

267.3 

46.4 


Jan.  20, 

189 1. 

11-45 

7-30 

14 

492 

1,607 

11,090 

70,000 

366.0 

45-9 


Engine  107. 


Jan.  2, 

1891. 

9.10 

7.20 

»S 

424 

1.385 
13,900 

73,o<» 
214.7 

37-9 


Jan. 4, 
1891. 

10.45 
8.40 

IS 

43> 

1,408 

13,100 

74,000 

314.9 

38.0 


RESULT. 

Average  of  two  trips  shows  the  Compound  Engine  No.  66  doing  24  per  cent, 
more  units  of  work  per  ton  of  coal  and  21  percent,  more  units  of  work  per  ton 
of  water  than  Engine  No.  107. 

TABLE  No.  4. 
Performance  of  Locomotives  hetwekn  San  Juan  del  Rio  and  Mexico, 
using  English  Patent  Fuel  (BKHiUKTTES  ok  Pressed  Coal). 


Date  of  trips  ..........••..••  wa|^«.*«i»« ...  . 

Total  hours  on  trip .      

Actual  running  time 

No.  of  cars  in  train ...   

Total  weight  of  train,  includinf;  engine  and 
tender,  in  tons  of  2,000  lbs 

Total  units  of  work  performed 

Pounds  of  coal  consumed 

Pounds  of  water  used 

Units  of  work  per  ton  coal 

Units  of  work  per  ton  water 


Engine  66. 

E.vgine  107. 

Jan.  II, 

Jan.  15, 

Dec.  27, 

Dec.  30, 

1891. 

1891. 

1S90. 

1890. 

12.02 

»5-25 

13.00 

11.05 

iO.OO 

9  oo 

7.25 

8.45 

15 

.-«♦>■ 

16 

16 

506 

491 

455 

438 

1,653 

1,604 

1,426 

1.431 

To,8oo 

10,700 

11,900 

11,800 

75,000 

73,000 

81,000 

Sii.ooo 

306.0 

300.0 

239.6 

242.5 

44.0 

43-9 

35« 

.35-8 

RESULT. 

Average  of  two  trips  shows  the  Compound  Engine  No.  66  doing  25.7  per 
cent,  more  units  of  work  per  ton  of  coal  and  24  per  cent,  more  units  of  work 
per  ton  of  water  than  Engint  No.  107. 

TABLE  No.  5. 
Performance  of  Engines  on  Continuous  iV4  Per    Cent.  Grade  from 
San  Juan  del  Rio  to  Cazadero,  using  Coal  from  the  Mines  of  San 

Antonio. 


Engine  66. 


Engine  107. 


Nov.  15, 

Date  of  trips.. ,t,.^^", 1890. 

Hours  on  trip.. ».to 

No.  of  cars  in  train 14 

Total   weight  of  train,  including  engine 

and  tender,  in  tons  of  2,000  lbs 494 

Pounds  of  coal  consumed   4,150 

Pounds  of  water  used 19,000 

Pounds  of  water  evaporated  per  lb.  of  coal       4.5 
Pounds  of  coal  burned  per  square  foot  of; 

grate  surface  per  hour. 1     84.8 

Pounds  of  water  evaporated  per  square; 

foot  of  heating  surface  per  hour..,. 

Total  units  of  work  performed 

Units  of  work  per  ton  coal 

Units  of  work  per  ton  water 


Nov.  35,  Dec.  10, 
1890.         1890. 
2.15     '     2.10 

15  16 

I 

489  483 

4,100  .     s,ioo 

18,000      39,100 

4-4  i       3-9 


80.0 


5-6 

5-9 

499 

494 

341 

241 

5«-S 

44-9 

77-5 

5-7 

488 
191 

48.5 


85.4 


RHSULT. 

Average  of  two  trips  shows  the  Compound  Engine  66  doing  26  per  cent. 
more  units  of  work  per  ton  of  coal  and  15  per  cent,  more  units  of  work  per 
ton  of  water  than  Engine  107. 

rectness  of  this  method,  it  was  decided  to  base  the  per- 
formance of  the  engines  in  ihe  tests  upon  the  units  of 
work  performed.  But  to  be  entirely  assured  as  to  the 
weight  of  the  trains,  each  train  was  weighed  before  start- 
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TABLE  No. 


PtRKOKMANCK  oK  ENGINES  ON  CONTINUOUS  1 '/i  PeK  ChnT.  GRAUE  FKUM  SaN 

Juan  dkl  Kio  to  Cazauero,  using  English  Bituminous  Coal. 


Engine  66. 


Jan.   17. 

Date  of  trips I  1891. 

Hours  on  trip '  9 .  20 

No.  of  cars  in  train 1  14 

Total   weight  of  train,   including  engine 

and  tender,  in  tons  of  3,000  lbs {  491 

Pounds  of  coal  consumed .......,,  3>70o 

Pounds  of  water  used. ...  ..'.'w*^*,......  20,000 

Pounds  of  water  evaporated  per  lb.  ofcoa)  5.4 
Pounds  of  coal  burned  per  sciuare  foot  of 

grate  surface  per  hour 7j..S 

Pounds   of  w.iter  evaporated  per  square' 

foot  of  healing;  surface  per  hour 6.3 

Total  units  of  work  performed j  496 

Units  of  work  per  ton  coal I  268.0 

Units  of  work  per  ton  of  water .i  4Q.6 


Jan.  30, 

1891. 

a.  20 

14 

492 

3,600 

19,000 

5-a 

7 1 .  t  > 

6.4 

497 
276.0 

52-3 


Engine  107. 


Jan.  3,  I  Jan.  4, 


1891. 

a. 10 

15 

424 
4,000 
(30,000 
50 

60.8 

5  fi 

438 

214.0 

42.8 


1S91. 
2.00 

»S 

431 
4,000 

30,SOO 

S't 

65.7 

6.2 

435 
317.5 
42  4 


KESIXT. 

Average  of  two  trips  shows  the  Compound  Engine  66  doing  26  per  cent, 
more  units  of  work  per  ton  of  coal  .ind  19  per  cent,  more  units  of  work  per  ton 
of  water  than  Engine  107. 

TAP.F.E  No.  7. 
PRRFORMAXCF.  OF  Engines  on  Continuous  i«^  Pkk  Cknt.  Grade  from  San 
Juan  del  Rio  to  Cazaheko,  using  English  Patent  Fukl  (Bkioukttks  oi- 
Prkssbh  Coal). 


Engine  66. 


Engine  107. 


Jan.  II. 

Date  of  trips 1891. 

Hours  of  trip 3.30 

No.  of  cars  in  train '       15 

Total   weight  of  train,  including   engine 

and  tender,  in  ton  of  3,000  lbs ;      506 

Pounds  of  coal  consumed j     3,300 

Pounds  of  water  used I  32,oco 

Pounds  of  water  evaporated  per  lb.  of  coal'       6.7 
Pouncls  of  coal  burned  per  square  foot  of 

grate  surface  per  hour 61.3 

Pounds  of  water  evaporated    per   siiuaref 

foot  of  heating  surface  per  hour 6.5 

Total  units  of  work  performed 

Units  of  work  per  ton  coal 

Units  of  work  per  t«n  water.. .    


511 
309 

46.4 


Jan.  15, 

Dec.  37, 

1891. 

1890. 

2.15 

3.00 

14 

16 

49« 

455 

3,200 

3.700 

2o,7<» 

22.500 

6.5 

6.1 

66.3 

60.6 

6.S 

6.S 

496 

460 

3«o 

249 

47.9 

40.8 

550 
5.8 

442 

246 
43-» 


RESULT. 
Average  of  two  trips  shows  the  Compound  Engine  60  doing  35   per  cent, 
more  units  of  work  per  ton  of  coal  and  12  per  cent,  more  units  of  work  per  ton 
of  water  tiiaji  Engine  107. 


ing,  as  stated  above.  The  trains  were  composed  of  cars 
bound  for  Mexico,  and  only  in  a  few  instances  was  the 
bulk  of  the  train  broken,  and  when  this  was  done  a  care- 
ful note  was  taken  of  this  change  in  weight. 

Table  No.  2  shows  two  trips  of  each  engine  while  using 
American  coal.  Table  No.  3  shows  two  trips  of  each  en- 
gine using  English  bituminous  coal.  Table  No.  4  shows 
two  trips  of  each  engine  using  English  patent  fuel 
(briquettes  of  compressed  coal).  These  12  trips  were 
made  over  the  entire  division  of  118  miles  ;  the  profile  of 
road  is  given  in  lig.  3. 

Tables  Nos.  5,  6  and  7  show  performance  of  the  engines 
with  the  three  kinds  of  coal  between  San  Juan  del  Rio  and 
Cazadero,  on  a  continuous  grade  of  i^  per  cent. 

The  result  of  the  tests  show  that  the  compound  engine. 
No.  66,  has  effected  an  economy  of  25  per  cent,  in  fuel,  and 
from  12  to  23  per  cent,  in  water  over  the  consolidation 
engine  No.  107. 

By  reference  to  Table  No.  i  it  will  be  seen  that  the 
grate  area,  heating  surface,  and  boiler  capacity,  both  in 
water  and  steam  space,  of  the  compound  is  very  much 
less  than  that  of  engine  No.  107.  With  these  facts  in  view 
it  is  ver)'  evident  that  by  compounding  engine  No.  107 
more  than  25  per  cent,  economy  can  be  effected  in  coal 
consumption. 


It  will  be  noticed  that  the  economy  in  water  is  not  as 
great  as  in  coal  when  comparing  the  compound  with  the 
consolidation,  No.  107.  This  is  accounted  for  by  the  fact 
that  engine  No.  107  has  68  per  cent,  more  cubic  feet  of 
steam  space,  and  delivered  much  dryer  steam  to  its  cylin- 
ders. Owing  to  the  small  boiler  of  the  compound  it  was 
impossible  to  work  the  engine  very  hard  on  account  of 
the  quantity  of  water  which  was  entrained  with  the  steam. 
The  relation  of  water  and  steam  spaces  is  shown  in  fig.  2. 
This  was  very  noticeable  in  taking  indicator  cards,  not  so 
much  in  the  low-pressure  as  in  the  high-pressure  cylin- 
ders. When  working  hard  with  lever  set  to  cut-off  at  18 
in.  and  throttle  wide  open,  it  was  necessary  to  carry  the 
water  as  low  in  the  boiler  as  was  safe  to  avoid  passing 
water  over  into  the  cylinders.  No  difficulty  of  this  kind 
was  experienced  with  engine  107. 

Given  a  boiler  with  the  capacity  of  that  of  engine  No. 
107,  the  compound  would  most  certainly  have  shown  an 
economy  in  water  equal  to  that  in  coal,  and  in  using  less 
water  the  economy  in  coal  would  be  -gre^-ter  than  these 
tests  have  shown. 

The  indicator  cards  above  referred  to  are  given  in  figs. 
4-10  herewith. 

A  photograph  of  the  compound  engine  was  received 
too  late  to  have  it  engraved  for  this  number  of  the  Jour- 
nal, but  it  will  be  given  in  our  next  number. 


THE  MAXIM  FLYING  MACHINE. 


A  RECENT  number  of  the  New  York  Herald  reports  an 
interesting  interview  with  Mr.  Hiram  J.  Maxim,  who 
spoke  as  follows  about  his  plans  for  a  flying  machine  : 

"If  I  can  rise  from  the  coast  of  France,  sail  through 
the  air  across  the  Channel,  and  drop  half  a  ton  of  nitro- 
glycerine upon  an  English  city,  I  can  revolutionize  the 
world.  I  believe  I  can  do  it  if  I  live  long  enough.  It  I 
(lie  some  one  will  come  after  me  who  will  be  successful 
where  I  failed." 

Mr.  Maxim  has  built  at  his  workshop  near  Kent,  Eng- 
land, a  small  Hying  machine,  with  a  wooden  screw  as  its 
motive  power.  The  screw  revolves  all  the  way  from  1,000 
to  2,800  revolutions  per  minute. 

"  What  is  your  machine  like  ?"  he  was  asked. 

"  My  first  machine  was  a  small  one.  It  was  an  inclined 
plane,  13  ft.  long  and  4  ft.  wide,  and  set  edgewise  against 
the  air.  I  balanced  it  on  an  arm,  about  30  ft.  in  length, 
revolving  in  a  circumference  of  200  ft.  The  arm  was  mova- 
ble, so  that  it  would  rise  and  fall.  When  the  machine 
traveled  at  the  rate  of  30  miles  an  hour  it  remained  on  the 
same  plane.  When  the  speed  was  increased  to  35  miles 
it  began  to  rise.  At  qo  miles  it  pulled  its  guy  wires  with 
such  force  that  it  broke  them,  and  now  we  have  to  keep  it 
chained.  All  our  experiments  were  conducted  with  the 
greatest  accuracy.  Delicate  machines  measured  the  speed 
per  minute  and  per  hour,  the  push  and  lifting  power  of 
the  screw,  the  horse  power  of  the  motor  and  every  other 
factor." 

"  But  this  little  machine  can  hardly  be  of  practical  use?" 

"  Very  true  ;  but  now  I  am  at  work  on  a  large  machine, 
built  of  silk  and  steel  that  will  do  on  a  large  scale  what 
the  other  machine  does  on  a  smaller  scale.  We  found  by 
experiment  that  one  horse  power  will  carry  133  lbs.  at  the 
rate  of  75  miles  an  hour.  We  proved  also  that  our  screw 
would  easily  lift  40  times  as  much  on  a  plane  that  it  pro- 
pelled as  it  could  push.  I  have  built  a  motor  weighing 
1,800  lbs.,  and  which  pushes  1,000  lbs.  It  will  therefore 
lift  40,000  lbs.  The  weight  of  my  engines,  generator,  con- 
denser, water  supply  and  petroleum,  and  of  two  men  is 
5.000  lbs.     So  you  see  what  a  margin  I  have  left." 

"  What  is  the  size  of  your  large  machine  .''" 

"  It  will  be  no  ft.  wide  and  40  ft.  long.  It  will  be  pro- 
pelled by  two  immense  wooden  screws,  nearly  18  ft.  in 
diameter,  looking  very  much  like  the  screws  of  ocean 
steamers,  only  with  broader  blades.  The  steam  is  gen- 
erated by  heating  copper  by  petroleum,  and  is  condensed 
after  being  used,  so  that  we  get  along  with  two  gallons  of 
water.  The  boiler  is  of  the  finest  Whitworth  steel,  and 
we  will  use  about  40  lbs.  oi  petroleum  per  hour." 

"  How  are  you  going  to  test  the  machine  ?" 
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"  It  will  be  placed  at  an  angle  of  about  i  ft.  in  18  in. 
on  a  railroad  tr^ck  12  ft.  wide.  At  30  miles  an  hour  it 
will  barely  skim  along,  the  pressure  of  the  air  underneath 
it  being  then  equal  to  one  pound  for  each  square  foot,  or 
sufficient  to  just  lift  it.  At  35  miles  an  hour  it  will  begin 
to  rise,  and  as  the  speed  increases  it  will  mount  higher 
and  higher.  When  you  want  to  descend  you  will  slacken 
speed,  or  if  you  wish  to  proceed  on  a  straight  line  on  a 
certain  height  you  come  back  to  30  miles  an  hour,  it  can 
be  done  as  sure  as  fate.  I  have  spent  $45,000  already 
upon  it,  and  I  did  not  enter  upon  the  work  until  1  was  con- 
vinced that  the  idea  was  practical." 

'*  But  suppose  you  should  tip  over  ?" 

"  Oh,  no,"  said  Mr.  Maxim,  with  a  laugh.  "  You  may 
be  sure  that  that  is  one  contingency  that  we  are  bound 
shall  not  occur.  It  will  be  impossible  for  the  machine  to 
fall  forward,  to  sink  backward  or  fall  over." 


THE 


PENNSYLVANIA  TERMINAL  IMPROVE- 
MENTS. 


The  accompanying  illustration  is  an  elevation  of  the 
new  ferry-boat  Cincinnaii,  recently  launched  from  the 
yard  of  Samuel  L.  Moore  &;  Sons,  at  Elizabethport,  N.  J. 


Foreign  Naval  Notes. 


THE   ENGLISH    IIO-TON   GUNS. 

After  many  trials  and  failures  it  is  believed  that  satisfactory 
results  with  ihe  English  iio-ton  gun  have  at  last  been  attained. 
The  weapon  put  on  board  the  Sans  Pareil  in  lieu  of  that  which 
had  a  curvature  and  a  drooping  tendency  in  its  tube  has  gone 
through  some  of  its  trials  without  showing  evidence  of  the  de- 
fects noticed  in  the  other  guns.  It  will  be  remembered  thai  in 
the  later  guns  and  in  this  new  gun  stiffening  bands  were  put 
on  the  bores  or  muzzles,  and  in  this  new  gun  the  stiffening 
process  has  gone  a  step  further.  Nine  of  these  guns  have  now 
been  made.  Six  are  in  the  service,  two  each  on  the  Bmhow, 
Victoria,  and  Sans  Pareil.  Some  of  them  have  a  slight  droop- 
ing tendency  in  the  muzzle,  but  this,  it  is  thought,  does  not 
affect  their  efficiency. 

CHILIAN   TORPEDO    EXPERIENCE. 

The  destruction  of  the  insurgent  iron-clad  Blanco  Encalada 
by  a  torpedo  does  not  seem,  from  the  latest  accounts — which 
are  still  incomplete — to  afford  much  ground  for  boasting  by 
torpedo  advocates.  While  the  ship  was  sunk  by  a  Whitehead 
torpedo,  it  appears  that  she  was  taken  unawares  and  was  en- 
tirely unprotected,  no  torpedo-nettings  nor  other  methods  of 
delense  being  used.  Even  in  this  unguarded  state  it  was  only 
the  seventh  torpedo  which  reached  her,  six  having  been  sent 
out  previously,  all  failing  to  reach  the  mark.     Indeed,  one  of 


DOUBLE  SCREW   FERRY-BOAT    "CINCINNATI. 


It  is  intended  for  the  Pennsylvania  Railroad  ferry  be- 
tween New  York  and  Jersey  City.  The  hull  is  entirely  of 
iron  ;  the  upper  works  are  of  wood,  but  the  boilers  and 
engine  are  entirely  surrounded  by  an  iron  casing. 

The  boat  is  double-decked,  according  to  the  new  pattern 
adopted  by  the  Pennsylvania  Railroad  Company,  thus 
largely  increasing  the  capacity  for  passengers. 

The  Cincinnati  is  206  ft.  long  over  all  ;  180  ft.  long  be- 
tween perpendiculars  ;  65  ft.  wide  over  all  ;  45  ft.  molded 
breadth  ;  16  ft.  6  in.  in  depth. 

In  her  machinery  the  company  has  followed  the  example 
first  set  on  the  Hoboken  Ferry  in  the  Bergen,  and  has  sub- 
stituted double  screws  for  the  side  wheels  heretofore  in 
use.  The  boat  has  two  four-bladed  screws  8  ft.  in  diame- 
ter, one  at  each  end,  both  being  carried  on  the  same  shaft. 
The  shaft  is  driven  by  two  compound  engines  which  can 
work  up  to  1. 100  H, P.  The  engines  are  being  built  at 
Newburg,  and  we  hope  to  give  some  further  description 
of  them  hereafter.  The  Cincinnati  will  be  the  fifth  double- 
screw  ferry-boat  on  the  Hudson. 

In  this  connection  it  may  be  noted  that  the  elevated  line 
of  the  Pennsylvania  Railroad  and  the  new  station  in  Jer- 
sey City  are  so  far  completed  that  two  of  the  elevated 
tracks  were  brought  into  use  May  17.  The  local  trains 
are  now  running  over  these  and  into  the  new  station,  but 
the  through  trains  will  continue  to  use  the  old  line  until 
the  third  and  fourth  tracks  on  the  elevated  structure  are 
finished,  * 

The  platforms  in  the  new  station  are  elevated  above  the 
street  level.  From  them  passengers  will  pass  directly 
upon  the  upper  decks  of  the  ferry-boats.  They  will  not 
be  obliged  to  descend  to  the  main  deck  at  all,  since  the 
company  has  completed  a  bridge  over  West  Street  in  New 
York,  which  is  on  a  level  with  the  second  deck  of  the 
boats. 


them  went  far  astray,  and  blew  up  part  of  a  dock.  Of  course  it 
is  not  easy  to  decide  from  partial  accounts,  but  the  incident 
seems  to  show  that,  while  a  torpedo  is  formidable  when  it  does 
strike  the  mark,  it  can  hardly  be  considered  a  reliable  weapon 
yet. 

THB   ENGLISH   NAVAL   EXHIBITION. 

The  Naval  Exhibition  recently  opened  in  London  seems, 
from  all  accounts  received,  to  be  very  successful.  Apart  from 
the  historic  interest  attaching  to  the  memorials  of  the  Victory 
and  other  old-time  war-ships,  there  is  a  large  collection  of  guns 
and  other  modern  naval  appliances,  showing  the  latest  methods 
and  the  gradual  steps  by  which  improvements  have  been  made 
and  the  present  development  reached. 

THE   CANET   GUN. 

The  accompanying  illustrations,  from  Le  Yacht,  show  a 
32-cm.  (i2.6-in.)  Canet  gun  built  for  the  Japanese  coast  defense 
ship  Itstikushitna — which  was  illustrated  and  described  in  the 
Journal  for  February  last,  page  83 — and  recently  tested  at 
La  Seyne,  France.  This  gun  is  a  built-up  gun  of  the  Canet 
type,  which  has  been  very  favorably  received  in  Europe,  and 
has  a  length  of  40  calibers,  the  total  length  of  the  piece  t>eing 
12. So  m.  (42  ft.).  In  the  illustrations  fig.  i  shows  the  gun  on 
its  temporary  mount  ready  for  trial  ;  fig.  2  shows  it  loaded  on 
railroad  trucks  for  removal. 

As  will  be  seen  from  fig.  2  the  gun  has  no  trunnions,  but  is 
held  by  the  teeth  or  toothed  grooves  formed  in  the  lower  part 
of  the  outside  hoop.  The  powder  chamber  is  larger  than  the 
bore  proper,  and  the  rifling  is  progressive,  wiih  a  final  inclina- 
tion which  experience  has  shown  to  be  best  adapted  to  give  the 
projectile  the  speed  of  rotation  needed  to  secure  stability  and 
directness  of  flight.  The  breech  mechanism  is  of  the  screw 
type,  with  interrupted  threads. 

The  test  of  this  gun  consisted  of  20  shots,  with  charges  vary- 
ing from  264  to  562  lbs.  of  powder  and  projectiles  varying  from 
762  to  1,033  Ihs.  in  weight.     The  highest  result  obtained  was 
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THE    RAtLROAt)    AND 


[June,  xSgt' 


with  a  charge  of  562  lbs.  of  powder  and  a  projectile  weighing 
988  lbs.  The  muzzle  velocity  was  2,308/ft.  per  second  ;  the 
calculated  penetration^in  wrought-iron_  plate  at  the^muzzle  was 


the  arc  d  h,  cutting  the  line  B  A  extended  in  h  and  C  A  in  </. 
Then  from  C  as  a  center,  with  a  radius  C  d,  draw_the  arc  d  f 
intersecting  C  Bait/.     From  ^  as  a'.center.and^a_radius  ^  / 


iFig.  I. 


Fig.  2. 
THE  CANET  32-CENTIMETER   GUN, 


45.28  in.,  or  at  2,500  m.  (8,200  ft.)  it  was  35. S3  in.     The  gun 
was  in  excellent  condition  after  the  tests. 

This  gun  was  made  by  the  Societe  des  Forges  et  Chantiers 
at  Havre  ;  its  total  weight  is  145,464  lbs.,  a  little  over  •]2\  tons. 

It    will    be    mounted   in  a   turret   of    special   construction,    and 
handled  by  hydraulic  machinery. 

The  French  papers  consider  these  results  excellent,  and  claim 
that  the  Canet  gun  has  shown  itself  to  be  a  more  powerful 
weapon  than  the  Armstrong  or  the  Krupp  guns  of  greater 
"weight. 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING. 


By  M.  N.  Forney, 


(Copyright,  1890,  by  M.  N.  Forney.) 


{ConttHued /r»m  page  231.) 


CHAPTER  Xl.-{C0HtiHued.)* 
AN   OVAL. 

Problem  78.      To  construct  an  oval  or  egg-shaped  Ji^ttre^  Jig.  255. 

\{  A  B\^  the  width  or  minor  axis  of  the  figure,  bisect  it  at  E, 
and  from  ^G  as  a  center,  with  a  radius  A  E  equal  to  one-half  of 
A  B,  draw  the  circled  C  B  F,  and  draw  a  perpendicular  C  E  D 
to  A  B.  From  A  and  B  draw  lines  through  F  and  produce 
them  indefinitely.  From  A  and  B,  with  a  radius  A  B,  draw 
arcs  A  (7  and  B  /^cutting  B  /^and  A  /" extended  at  ^  and  H. 
From  i^  as  a  center,  with  a  radius  F  G,  describe  the  arc  G  D  H 
to  meet  the  arcs  A  G  and  B  If,  which  will  complete  the  oval.f 

CAM. 

Problem  79.      T'o  dratu  a  three-centered  cam,  fig  256, 
Let  A  B  and  C  be  the  three  centers.     Through  these  points 
draw  the  lines  A  B,  B  C  and  C  A,  and  extend  them  indefinitely 
beyond  the  centers.    Then  ixoxn^A,  with  any  radius,  as  A  d,  draw 

*  Attention  is  called  to  an  error  in  fig.  352,  published  last  month.    The 
figures  in  the  fourth  ordinate  were  engraved  .81603  \  ^^^y  should  be  .86603. 
t  From  "  Linear  Drawing,"  by  Ellis  A.  Davidson. 


draw  /  i ;  from  .<4  as  a  center  and  ^  t  as  a  radius  draw  i  e  ; 
from  C,  with  a  radius  C  e,  draw  e  g,  and  from  ^  as  a  center  and 


Fig-  255 


Fig.  256. 


B  g  zs9^  radius,  draw^  h,  which  will  complete  the  outline  of  the 
cam.     The  positions  of  the  centers  A,  B  and   C  will  be  de- 
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termined  by  the  circumstances  for  which  the  cam  is  used. 
Such  a  cam  has  the  property  that  any  two  parallel  lines  drawn 
tangent  to  it,  as  i  i,  I'  i'  ;  2  2,  2'  2'  ;  3  3,  3'  3'  or  4  4,  4'  4' 
will  always  be  the  same  distance  apart. 


THE   PARABOLA. 


A  parabola  is  a  curve  of  which  any  point  is  equally  distant 
from  a  fixed  point,  called  its /ocus,  and  from  a  given  straight 
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line  called  the  directrix.  Thus  in  fig.  257  if  F  be  the  fixed 
point  and  D  £  the  given  line,  then  the  distance  /*  C  of  any 
point,  as  F  in  the  curve  from  Z>  E,  will  be  equal  to  its  distance 
P  F  from  the  focus  F,  and  /  F,  the  distance  of  p  from  the  focus, 
is  equal  to/  <:,  and  a,  the  vertex  of  the  curve,  is  at  an  equal  dis- 


Fig.  258. 

tance  from  F  and  b.     Consequently  the  vertex  a  is  always  mid- 
way between  the  focus  and  directrix,  ^.•  v"  .- 

A  straight  line,  as  P  R  or  k  i,  drawn  across  the  figure  at 
right  angles  to  the  axis  is  a  double  ordinate,  and  either  half,  as 
d  k  or  P  t,  is  an  ordinate.  A  line  a  d  drawn  through  the  focus 
and  middle  of  the  curve  is  called  the  axis  or  an  abscissa.  A 
parabola  is  an  open  curve— that  is,  its  two  extremities  never 
meet,  no  matter  how  far  they  are  extended. 


The  properties  of  the  parabola,  which  have  been  explained, 
afiFord  an  easy  method  of  describing  it  mechanically,  and  we 
have 

Problem  80.  To  draw  a  parabola  when  the  directrix  D  E, 
Jig.  258,  and  the  focus  F  an  given. 

Place  a  straight  edge,  A  B,  so  that  its  edge  coincides  with 
D  E,  and  let  C  G  Hhc  a  right-angled  triangle  or  square,  one 
side  C  G  ol  which  bears  against  the  straight  edge  on  the  side  D  E. 
Take  a  thread,  the  length  of  which  is  equal  to  the  side  G  fJ  oi 
the  triangle,  and  attach  one  end  at  //  and  the  other  at  the  focus 
F.  Place  a  pencil  /  against  the  thread  and  the  triangle,  so  as 
to  draw  the  thread  tight.  Then  if  the  side  C  (7  be  moved  along 
the  line  D  E  the  pencil  will  describe  a  parabola,  of  which  F  is 
the  focus  and  D  E  the  directrix  ;  for  the  distance  /"/will  be 
equal  to  /  G,  for  every  position  of  the  ruler.* 

Problem  81.  To  lay  off  a  parabola  when  the  directrix  D  E, 
Jig.  257,  and  the  focus  F  are  given. 

Through  the  focus  F  draw  a  line  b  d  perpendicular  to  the 
directrix  D  E.  This  is  the  axis  of  the  curve.  Draw  line* 
parallel  to  D  E  and  perpendicular  to  the  axis  through  any 
points,  as  I,  2,  3,  4,  etc.  These  points  should  be  nearer  together 
next  to  the  apex  a  than  they  are  toward  the  open  end  of  the 
figure,  but  their  exact  position  is  not  important.  With  the 
focus  /'as  a  center  and  the  distance  i  b,  of  the  point  i  from  the 
directrix,  as  a  radius,  describe  arcs  cutting  the  vertical  line 
passing  through  i  at  i  and  p.  The  intersections  i  and  /  of  the 
arcs  with  the  vertical  will  be  points  in  the  curve.  Proceed  in 
the  same  way  for  each  of  the  other  points  2,  3,  4,  etc.  Thus 
with  a  radius  6  b  and  from  /'describe  arcs  cutting  the  vertical 
line  which  passes  through  6  at  Z'  and  P,  which  will  give  two 
more  points  in  the  curve.  When  as  many  points  as  may  be 
required  are  laid  down  in  this  way,  the  curve  may  be  drawn  by 
making  a  template  for  the  portion  lying  on  one  side  of  the 
axis,  or  a  close  approximation  to  the  true  curve  may  be  drawn 
with  compasses  by  finding  by  trial  a  center  c  on  the  axis  from 
which  the  portion/" a  ^  can  be  drawn.  Other  centers  m  and  « 
can  be  found  in  the  same  way,  from  which  the  parts  f  j  and  g  h 
can  be  described,  and  the  remaining  parts  /  k  and  h  i  can  be 
drawn  from  centers  outside  of  the  figure. 

Problem  82.  To  lay  off  a  parabola  when  the  length  A  B,  fig. 
259.  of  its  axis  and  that  of  its  greatest  double  ordinate  8'  M  are 
given. 

First  Method. — Through  A,  the  vertex  of  the  parabola,  draw 
2>'A  iV  perpendicular  to  its  axis  A  B.     Through  8'  and  M,  the 


Fig.  259. 

ends  of  the  double  ordinate,  draw  8  8'  and  N  M  parallel  to 
A  B,  thus  forming  a  rectangle  %  %'  M  N,  whose  sides  are  re* 
spectively  equal  to  tbe  axis  and  double  ordinate.    Divide  the 

ordinate   8  A  into   any  number  of   equal  parts  and    the  side  8  8' 

into  the  same  number  of  equal  parts.  From  the  vertex  A  draw 
lines  A  l',  A  2',  A  3',  etc.,  to  the  points  of  division  on  8  8'. 
From  the  points  of  division,  i,  2,  3,  etc.,  ou  %  A  draw  lines 
parallel  to  A  B  and  intersecting  A  i',  A  2',  A  3',  etc.,  at  I'j  2*, 
3',  etc.     These  intersections  will  be  points  in  the  curve. 

Second  Method. — Let  A  B,  fig.  260,  be  equal  to  the  length  of 
the  axis,  and  L  M  he  a.  double  ordinate.  Extend  A  B  and  make 
A  C  =  A  B.  From  L  and  M  draw  lines  L  C  and  M  C  to  C. 
Divide  the  sides  L  C  and  M  Cinto  any  number  of  equal  parts 
C  I,  I  2,  2  3,  etc.,  and  draw  the  lines  i  1',  2  2'.  3  3',  4  4'  5  5', 
6  6',  and  7  7'.  The  lines  will  be  tangents  to  the  parabola, 
which  may  then  be  drawn  so  as  to  touch  each  of  these  lines. 

Problem  83.      To  lay  off  a  parabola  with  ordinates. 

Let  A  B,  fig.  261,  be  the  axis  and  C  B  asx  ordinate  of  a  para- 
bola.    Divide  the  axis  or  abscissa  A  B  into  eight  equal  parts, 

*  Davics's  "  Analytical  Geometry." 
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and  draw  ordinates  from  the  points  of  division  perpendicular 
to  A  B,  as  shown  above  A  B.  Multiply  the  length  of  C  B  hy 
the  numbers  on  the  ordinates  above  the  axis  and  lay  off  the  dis- 
tances thus  obtained  on  the  ordinates  from  A  B.     The  points 


Fig.  260. 


Fig  261 


:B__vH:  Fig    263. 


thus  obtained  will  be  points  in  the  curve.  The  axis  may  be 
divided  into  10  parts  and  the  length  of  the  ordinate  B  D  multi- 
plied by  the  numbers  below  A  B,  and  the  curve  can  then  be 
laid  off  as  before. 

Problem  84.  To  construct  a  parabolic  curve  by  another 
method. 

Divide  the  ordinate  C  B,  fig.  2A2,  into  eight  equal  parts,  and 
draw  perpendiculars  to  it  through  the  points  of  division  ;  the 
length  of  these  perpendiculars  will  be  determined  by  multiply- 
ing the  lene;th  of  the  axis  ./  B  by  the  respective  number  on 
each  horizontal  line  above  A  B  it)  fig.  262.  The  ordinate  B  D 
may  be  divided  into  tenths  and  the  length  of  A  B  multiplied 
by  the  numbers  on  the  horizontal,  lines  below  A  />,  and  the 
parabola  laid  off  as  described  in  the  preceding  problem.* 

♦  The  two  preceding  methods   of  laying  out  a  parabola  are   taken   from 
Molesworth's  "Pocket-Book  of  Engineering  Formula:." 


Problem  65.      To  tira7v  a  tangent  to  a  parabola  at  any  point. 

Let  C,  fig.  259.  be  the  point.  From  Cdraw  CD  perpendicu- 
lar to  the  axis  A  B.  Extend  B  A  lo  the  left  and  make  A  A 
equal  to  A  D.  A  line  drawn  through  E  and  C  will  be  tangent 
to  the  parabola  at  the  point  C. 

Problem  86.  To  find  the  focus  and  the  directrix  of  a  part- 
bola,  the  axis  and  an  ordinate  being  (^ven. 

Let  A  B,  fig.  263,  be  the  axis  and  C  B  zn  ordinate.  Bisect 
C  B  0.1  (7,  and  from  A  draw  A  G.  Through  G  draw  G  H  per- 
pendicular \o  A  G  and  intersecting  A  B  extended  in  H.  From 
A  \a.y  o^  A  F  —  B  JI ;  then  will  F  be  the  focus  of  the  parabola. 
From  A  lay  oQ  A  /  =  10  A  F,  and  draw  £>  E  through  /  per- 
pendicular \o  I  B  ;  then  will  D  E  he  the  directrix. 

THE   hyperbola. 

If  a  cone,  D  C  £,  fig.  2C4,  of  which  E  D  is  the  base,  is  cut 
by  a  plane  f  B  parallel  with  but  not  through  its  axis  Q  Cand 
perpendicular  to  its  base,  the  outline  of  the  section  thus  ob- 
tained will  be  an  open  curve  called  a  hypetbola,  and  shown  by 
N^  B  A/,  fig.  265.  If  two  cones  D  C  E  and  C  G  H,  fig.  264. 
are  placed  so  that  their  apexes  join,  and  if  their  axes,  Q  Cand 
C  A',  are  in  the  same  straight  line  and  they  are  cut  by  the  same 
\>\ane,  f  B  S  A  /,  parallel  with  Q  C  K  the  sections  thus  obtained 
will  form  two  hyperbolas.  A'"  B  M  and  /-  A  A',  as  shown  in  fig. 
265,  which  are  called  branches  of  the  hyperbola.  A  and  B  are 
the  'vertices  of  the  curves,  and  the  line  A  B,  the  distance  be- 
tween the  vertices,  is  the  transverse  axis.  This  is  the  same  as 
A  B  in  fig.  264,  and  has  been  defined  as  that  part  of  the  axis 
which  if  continued  would  join  an  opposite  cone. 

The  conjugate  axis  S  T  is  a  line  drawn  through  the  middle  of 

Fig.  265. 

A' 


Fig.  264. 

the  tranverse  axis  and  at  right  angles  to  it.  It  is  equal  to  twice 
the  distance  S  C,  fig.  264,  of  the  intesecting  plane  /  J,  from 
the  axis  of  Che  cone  from  which  the  hyperbola  is  produced. 

F  F,  fig.  264,  are  the  foci  of  the  two  curves,  and  C  midway 
between  A  and  B  is  called  the  center  of  the  curve. 

The  nature  of  a  hyperbola  is  such  that  the  difference  of  the 
distances  of  any  point  in  the  curve,  from  the  foci,  is  always 
the  same,  and  is  equal  to  the  transverse  axis  A  B.  Thus  if 
from  the  point  O  we  draw  lines  O  /"and  OF'  to  the  foci  /"and 
F',  then  the  difference  of  the  length  of  these  lines  will  be  equal 
to  ^  B  ;  or  if  from  the  point  F  similar  lines  F  /"and  P  /"'  be 
drawn,  their  difference  will  also  be  equal  to  A  B. 

Problem  87.  Having  the  transverse  and  conjugate  axes,  to  find 
the  foci  of  an  hyperbola . 

Let  A  B,  fig.  265,  be  the  transverse  axis  of  two  branches  of 
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an  hyperbola.  The  ends  of  the  axis  will  coincide  with  the  ver- 
tices of  the  two  curves.  From  A  erect  E  B,  z.  perpendicular  to 
A  B,  and  make  it  equal  to  half  the  conjugate  axis,  or  to  the 
distance  S  C.  fig.  264,  of  the  intersecting  plane  from  the  axis  of 
the  cone.  Then  from  C,  fig.  265,  the  middle  of  ^  ^  as  a 
center  and  with  C  ^  as  a  radius  describe  a  circle  E  F  V  F' 
cutting  A  B  extended  at /^  and/"',  which  will  be  the  foci  of 
the  hyperbola. 

Problem  88.      The  transverse  and  conjugate  axes  being  given, 
to  lay  off  an  hyperbola. 

Draw  A  B,  fig.  265,  equal  to  the  transverse  axis.  Find  the  foci 
F F',  as  explained  in  the  preceding  problem.  From  /'and  /' 
lay  off  any  number  of  points  i,  2,  3,  etc.,  I',  2',  3',  etc.. 
at  equal  distances  from  FanA  F'  respectively.  Then  wilh 
radii  A  1,  A  2,  A  3,  etc.,  and  from  the  foci  as  centers 
describe  arcs  cutting  each  other  at  a,  b,  c,  ete.,  and  a',  b', 
c',  etc.  These  will  give  points  in  the  curve  through  which 
it  may  be  traced. 

Problem  8g.  To  draio  a  hyperbola  when  its  length 
B  C,  Jig.  266,  its  breadth  D  E  and  transverse  axis  A  B  are 
given. 

Construct  the  parallelogram  D  E  F  G  and  subdivide  its 
upper  and  lower  sides,  G  D  and  F  E,  and  each  of  the     — 
ordinates  D  C  and  C  E  Into  the  same  number  of  equal 
parts  I,  2,  3,  etc.,  and  i',  2',  3'.  etc.     From  the  points  i,      ^^ 
2,  3,  etc.,  draw  lines  to  A,  and  from  i',  2',  3',  etc.,  draw  lines  to 
B  which  will  cut  each  other.     Their  respective  points  of  intersec- 
tion will  be  points  in  the  curve,  through  which  it  may  be  traced. 


Ascertain  as  before  the  circumference  of  the  wheel,  and  draw 
a  straight  line  0-16  equal  in  length  to  the  circumference,  and 
subdivide  them  both  as  described.  Draw  the  generating  cir- 
cle A  on  the  perpendicular  8'  o  and  tangent  to  0-16.  Through 
the  center  o  of  ^  draw  a  horizontal  line  A-lt"  parallel  to  0-16. 
From  the  points  of  division  o,  r,  2,  3,  etc.,  erect  perpendiculars 
to  0-16  intersecting  A-16".  The  point  o  will  be  the  beginning 
of  the  cycloid.  From  i"  as  a  center  and  with  the  radius  of  the 
generating  circle  describe  an  arc  i  i"  tangent  to  0-16.  Take 
with  a  pair  of  dividers  a  chord  o  i'  from  the  generating  circle, 
and  set  ofif  this  distance  i  i"'  from  i  on  the  arc.  The  point 
thus  laid  down  will  be  a  point  in  the  cycloid.     Piocced  in   a 


Fig.  266. 

THE   CYCLOID. 

A  cycloid  is  a  curve  which  is  described  by  any  point  in  the 
circumference  of  a  wheel  rolling  on  a  straight  Ime.  Thus  let 
A,  fig.  267,  be  a  circle  or  wheel  and  0-16  a  straight 
line  equal  in  length  to  the  circumference  of  the 
wheel.  In  rolling  from  o  to  16  a  point  o  in  the  cir- 
cumference of  the  wheel  would  move  in  the  path  o, 
I'",  2"',  3'"  5'",  6"'-i6,  and  if  a  pencil  be  held  in 
contact  with  the  wheel  while  it  is  rolled  from  o  to 
16  it  will  describe  the  curve  o,  i'",  2'",  3'".  4'",  5"'-i6. 

The  circle  A  is  called  the  generating  circle,  and 
the  point  o  in  the  circle  which  describes  the  cycloid 
is  the  generator.  The  straight  line  0-16  on  which 
the  circle  rolls  is  the  director  and  8'"  8  is  the  axis  of 
the  cycloid. 

Problem  90.  To  lay  off  a  cycloid  vuchanically 
for  a  'luheel  of  any  diameter.  "- :',  ■/' 

Ascertain  by  calculation  or  from  a  table  of  diam- 
eters and  circumferences  the  length  of  the  circum- 
ference of  the  generating  circle.  Then  lay  off  a 
straight  line  0-16,  whose  length  is  equal  to  the  cir- 
cumference. Divide  the  latter  and  the  straight  line 
into  any  number  of  equal  parts  i,  2.  3,  etc.,  and  i', 
2',  3',  etc.  Place  the  wheel  so  that  the  point  mark- 
ed o  in  its  circumference  will  coincide  with  o  in  the 
straight  line,  and  mark  the  point  on  the  paper. 
Then  roll  the  wheel  toward  the  right  and  make 
the  point  marked  i'  on  the  wheel  to  coincide  with 
I  on  the  straight  line,  and  again  mark  the  position 
of  c  at  1'".  Proceed  in  this  way,  making  each  of 
the  points  2',  3',  etc.,  in  the  circumference  of  the 
wheel  coincide  with  2,  3,  etc.,  on  the  straight  line, 
and|foreach  position  of  the  wheel  mark  the  position 
of  o'  at  2'",  3'",  4",  etc.  The  marks  i"',  2'",  3'",  etc.,  thus  laid 
down  will  be  points  in  the  cycloid. 

Problem  91.     To  lay  off  a  cycloid  with  instruments  for  a  wheel 
of  any  diameter. 


similar  way,  and  from  2"  as  a  center  draw  an  arc  2  2'",  and  with 
a  chord  o  2'  lay  off  from  2  on  the  arc  2  2'"  the  point  2'",  which 
will  be  another  point  in  the  cycloid.  Continuin'g  in  the  same 
way  draw  arcs  from  each  of  the  points  3"'-i6"'  and  lay  off  suc- 
cessive points  3"'-i6"'  through  which  the  cycloid  may  then  be 
drawn. 

THE    epicycloid. 

f 

If  the  generating  circle  A,  fijr.  268,  rolls  on  the  circumference 
of  another  circle  0-16,  instead  of  on  a  straight  line,  the  curve 
described  by  a  point  o  in  the  circumference  of  the  generating 
circle  will  be  an  epicycloid.  The  one  which  is  stationary  is 
called  \ht  fundamental  circle.  If  the  generating  circle  rolls  on 
the  exterior  of  the  fundamental  circle  the  curve  described  is 
called  an  exterior  epicycloid.  If  it  rolls  on  the  inside,  as  indi- 
cated in  fig.  269,  it  is  called  an  interior  epicycloid  or  hypocloid. 

Problem  92.      To  describe  an  exterior  epicycloid  mechanically. 

Ascertain  as  before  the  circumference  of  the  generating  circle 
and  also  of  the  fundamental  circle.  Then  multiply  360  by  the 
former  and  divide  by  the  latter.  This  will  give  the  number  of 
degrees  in  the  circumference  of  the  fundamental  circle,  which 
will  be  equal  in  length  to  that  of  the  generating  circle.  From 
B,  the  center  of  the  former,  lay  off  the  angle  o  B  16,  which  has 
been  ascertained  by  the  calculation.  Draw  the  arc  0-16,  which 
will  then  be  equal  to  the  circumference  of  A.  Subdivide  the 
circumference  of  A  as  before,  and  divide  0-16  into  an  equal 
number  of  divisions.  From  .^  as  a  center  draw  the  arc  o'-i6" 
thtoueh  A ,  the  center  of  the  generating  circle,  and  then  draw 
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radii  through  B  and  the  points  o  1.  2,  3,  etc.,  on  0-16  and 
intersecting  the  arc  o"-i6".  From  o"  as  a  center  draw  the 
generating  circle,  and  lay  down  the  chords  as  before.  From 
each  of  the  points  i",  2",  3",  etc.,  on    the  arc  o"-i6"  draw 
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arcs  I  i",  2  2'",  3  3"'  as  in  the  preceding  problem,  and  with 
chords  o  i',  o  2',  o  3',  etc.,  lay  oflf  points  on  the  arcs  which 
will  be  points  in  the  required  curve. 

Problem  93.      To  lay  off  an  interior  epicycloid. 

Draw  the  arc  0-16,  fig.  269,  of  the  fundamental  circle  and  the 
generating  circle  A  on  the  inside  as  represented.  Subdivide 
the  circle  and  the  arc  as  in  the  preceding  problem,  and  lay  off 


the  points  of  the  curve  with  chords  o  i',  o  2',  o  3',  etc.,  on  arcs 
drawn  on  the  inside  of  0-16.  The  method  of  doing  this  will  be 
clear  from  the  diagram  and  the  elucidation  of  the  preceding  prob- 
lems. When  the  diameter  of  the  generating  circle  is  equal  to 
half  that  of  the  fundamental  circle,  the  epicycloid  becomes  a 
straight  line,  being  in  fact  a  diameter  of  the  larger  circle. 

(to  be  continued.) 


Canadian  Notes. 


A  NEW  woik  which  is  being  urged  upon  the  Government  of 
the  Dominion  of  Canada  is  the  constiuction  of  the  proposed 
Trent  Valley  Canal,  which  is  to  connect  Georgian  Bay  with 
Lake  Ontario,  thereby  giving  Canada  an  inside  line  to  the  up- 
per lakes  entirely  within  its  own  territory.  The  length  of  this 
waterway  will  be  about  195  miles,  but  a  considerable  portion  of 
this  is  covered  by  lake  and  river  navigation,  so  that  less  than 
60  miles  of  canal  will  have  to  be  excavated.  Should  it  be  built, 
vessels  coming  from  Lake  Superior,  Lake  Huron,  or  Lake 
Michigan  can  avoid  going  through  the  Detroit  River  and  Lake 
Erie  entirely.  The  line  is  one  which  must  have  suggested  itself 
to  any  one  who  has  ever  examined  a  map  of  the  lakes.  It  is  un- 
derstood that  the  government  approves  of  the  project,  but  is  not 
prepared  to  begin  construction  at  once  on  account  of  the  pres- 
ent financial  conditions. 

It  is  stated  that  work  on  the  new  tunnel  under  the  Detroit 
River,  at  Detroit,  is  to  begun  shortly  on  the  Canadian  side,  a 
charter  having  been  obtained  for  the  company  in  Canada.  The 
surveys  were  completed  some  time  ago  for  this  work.  The 
total  length,  including  the  approaches,  will  be  a  little  over  12,- 
000  ft.,  of  which  2,100  ft.  will  be  in  an  open  cutting  on  the 
Canada  side  of  the  river  and  1,500  ft.  an  open  cut  on  the  De- 
troit side,  leaving  the  actual  length  of  the  tunnel  about  8,400  ft. 
It  is  proposed  to  make  the  tunnel  large  enough  for  a  double 
track,  the  cross-section  being  circular  and  27  ft.  inside 
diameter.  The  method  of  working  to  be  adopted  will  be  the 
same  as  that  used  in  excavating  the  Grand  Trunk  tunnel,  at 
Port  Huron.  The  preliminary  surveys  and  borings  show  that 
little  or  no  rock  will  be  encountered,  the  bed  of  the  river  at  that 
point  being  entirely  of  clay.  The  bottom  of  the  tunnel  at  the 
lowest  point  will  be  about  75  ft.  below  the  surface  of  the  river. 
It  is  thought  that  it  will  require  about  three  years  to  build 
the  tunnel  ;  the  projectors  expect  to  have  it  open  to  all  railroads 
which  may  desire  to  use  it. 


Naval  Observatory  Positions. 


The  Civil  Service  Commission  will  require,  in  order  to  fill 
vacancies  in  the  Naval  Observatory  after  July  i,  a  list  of  eligi- 
bles  for  the  following-named  places  :  One  electrician  at  a  com- 
pensation of  $1,500  per  annum,  one  photographer  at  $1,200 
per  annum,  one  assistant  librarian  at  $1,200  per  annum,  and 
three  computers  at  $1,200  each  per  annum. 


The  examinations  for  the  different  grades  will  be  as  follows  : 
For  electrician  the  examination  will  be  both  theoretical  and 
practical,  covering  the  subjects  of  electric  batteries,  currents, 
resistance,  and  measurements,  together  with  the  construction 
and  maintenance  of  electric-lighting  plants,  and  the  methods  of 
transmitting  power  by  electric  currents.  For  photographer  the 
examination  will  cover,  first,  the  ordinary  photographic  manipu- 
lations, together  with  the  different  processes  used  in  the  art  ; 
second,  the  character  of  the  necessary  optical  apparatus,  together 
with  the  application  of  photography  to  astronomical  work. 
The  assistant  librarian  examination  will  include  the  translation 
into  English  of  short  paragraphs  of  scientific  German,  French, 
Latin,  Italian,  and  Spanish  writings,  the  bibliography  of  scien- 
tific, especially  astronomical,  literature,  modern  library  meth- 
ods, and  systems  of  classification.  The  examination  for  com- 
puters will  include  algebra,  geometry,  logarithms,  trigonometry, 
and  elementary  astronomy. 

These  examinations  may  be  taken  at  any  date  and  place 
named  in  the  schedule  of  the  commission.  A  special  date  will 
be  fixed  at  Washington  as  soon  as  a  sufficient  number  of  appli- 
cations is  received  to  justify  it. 


Recent  Patents. 


m'giehan's  rail-joint. 

A  NEW  form  of  rail-joint  is  covered  by  patent  No.  431,611, 
issued  to  Isaac  S.  McGiehan,  of  New  York.  This  is  shown  in 
figs.  17-19.  fig.  17  being  a  cross  section,  fig.  18  a  side  view 
with  the  clamps  removed,  fig.  19  an  elevation  of  the  joint 
complete. 

In  constructing  this  joint  a  piece  of  channel-beam  iron  is 
taken,  as  shown  in  cross-section  at  A,  fig.  17,  the  requisite 
size  and  the  ends  of  its  sides  cut  out.  as  shown  at  c  c,  figs.  18 
and  19,  so  that  it  will  rest  upon  two  cross-ties,  one  end  on  each 


McGIEHAN'S  RAIL-JOINT. 

tie,  as  shown  in  figs.  18  and  19,  with  the  sides  of  the  channel 
extending  downward  between  the  ties  to  form  a  truss  and  at  the 
same  time  providing  a  flat  upper  surface  for  the  rail  ends  to 
rest  upon.  Two  clamps  are  then  provided,  as  E  E,  figs.  18  and 
19,  formed,  as  shown  in  cross-section,  with  two  jaws,  one 
running  along  its  top  edge  and  the  other  running  along  its 
lower  edge,  as  shown  at  m  and  n.  The  jaw  «  fits  under  and 
engages  with  the  lower  side  of  the  channel-bridge  A^  and  the 


Vol.  LXV.  No.  6.] 


ENGINEERING    JOURNAL. 


279 


jaw  m  passes  over  the  rail-base.  After  these  are  in  place,  the 
bolts  d  are  passed  through  the  clamps  and  sides  of  the  channel- 
beam  bridge,  and  when  these  are  drawn  together  the  jaws  m 
slide  up  on  the  rail-base  until  the  rail  is  finally  seated  upon  the 
channel-beam  bridge,  and  by  utilizing  the  bevel  of  the  rail-base 
as  a  wedge  for  the  jaws  m  to  slide  over,  together  with  the  bolts 
d,  sufflcient  clamping  force  is  obtained  to  practically  convert 
the  whole  into  a  solid  structure,  so  that  the  joint  is  quite  as 
strong  as  any  other  part  of  the  rail.  There  is  placed  on  top  of 
the  channel-beam  bridge  a  piece  of  chemically  prepared  or  tar 
paper  s,  which  acts  as  a  cushion  for  the  rail  to  rest  upon  and 
destroys  the  metal  contact  between  the  rails  and  the  bridge, 
and  it  also  prevents  the  parts  from  rusting  together. 

The  lower  jaws  «  of  the  clamps  E  do  not  slide  under  the 
bridge  when  the  bolt  is  tightened,  as  is  usual  with  such  joints. 
The  lower  jaw  n  is  provided  with  a  shoulder,  which  strikes  the 
outside  of  the  bridge  and  prevents  it  from  sliding  further  under, 
thus  throwing  the  entire  movement  to  the  upper  jaw,  which  is 
shaped  so  as  to  utilize  the  bevel  of  the  rail-base  to  slide  over, 
and  thereby  produce  a  more  substantial  and  rigid  grip  than 
could  be  otherwise  obtained. 

In  order  to  prevent  the  rails  from  creeping,  when  necessary 
four  depressions  are  provided  in  the  corners  or  edges  of  th^ 
channel-beam  bridge  A,  as  shown  at  o  o,  fig.  18,  and  the  edge 
of  the  flange  of  the  rail  is  bent  down  to  fit  into  these  depres- 
sions, so  that  when  the  clamps  E  are  in  position  it  would  be 
impossible  for  the  ends  of  the  rail  to  draw  out. 

chubb's  smoke  consumer. 
Mr.  William  J.  Chubb,  of  London,  England,  has  patented 
the  arrangement  of  fire-box  represented  in  fig.  16,  which  con- 
sists of  a  tuyere  or  funnel-shaped  passage  G,  which  may  extend 
entirely  across  the  fire-box  or  furnace-chamber,  and  by  which  air 
is  drawn  into  the  tuyere  from  below  the  fire-bars  and  discharged 
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through  one  or  more  narrow  mouths  in  such  wise  as  to  mingle 
with  the  unconsumed  gases  and  smoke  that  are  making  their  es- 
cape from  the  furnace,  whereby  the  desired  more  perfect  combus- 
tion is  eflfected.  This  tuyere  B  is  made  of  metal,  is  surrounded 
with  air  spaces,  and  is  so  formed  that  one  or  more  blocks  L  of 
fire-brick,  fire-clay,  or  other  similar  material  of  the  required 
shape  can  be  held  in  suitable  seatings  in  the  top  of  the  cast 
ing,  to  protect  it  from  the  action  of  the  fire.  A  door  H  is 
placed  at  the  bottom  G  of  the  tuyere,  by  which  the  admission 
of  air  to  the  fire-box  may  be  regulated. 


Manufactures. 


A  Quadruple  Expansion  Engine. 

The  new  steam  tug  Dorothy  recently  completed  at  the  yard 
of  the  Newport  News  Ship  Buildini;  Company,  and  intended 
for  very  heavy  work— towing  car-floats  in  New  York  Harbor — 
is  of  steel,  90  ft.  long  over  all,  18  ft.  beam,  and  8|  ft.  draft. 
The  chief  peculiarity  of  the  Dorothy  is  that  she  has  a  quadruple- 
expansion  engine,  designed  by  Mr.  Horace  See.  This  engine 
is  of  the  double-crank  tandem  type,  with  cylinders  9 J  in.,  13 J 


in.,  18J  in.,  and  26  in.  in  diameter,  and  22  in.  stroke.  The 
|cranks  are  placed  at  right  angles  with  each  other,  and  the  valve 
gear  is  provided  with  cut-off  attachments.  The  upper  cylinders 
are  so  arranged  that  the  pistons  of  the  lower  cylinders  can  be 
examined  without  difficulty.  The  engine  is  intended  to  work 
at  a  pressure  of  180  lbs.  The  propeller  is  of  iron  7  ft.  in 
diameter.  Steam  is  furnished  by  a  steam  boiler  of  the  cylin- 
drical return  tubular  pattern  9  ft.  6  in.  in  diameter  and  10  ft.  6 
in.  in  length. 

Track  Appliances. 

The  use  of  tie-plates  under  the  rail  for  protecting  a  tie  is  now 
very  common,  and  the  advantages  gained  are  so  substantial 
that  their  use  is  extending.  There  is  also  a  tendency  to  use  a 
wider  plate  than  was  originally  adopted,  especially  for  lines  of 
heavy  traffic,  and  at  points  where  there  is  unusual  strain  upon 
the  ties.     The  wide  plats  is  found  to  have  other  advantages 


THE  SERVISS  TIE-FLATE. 

besides  preserving  the  tie,  such  as  preventing  the  canting  of 
the  rail,  and  consequent  side  rail  of  the  head  on  curves,  and 
preserving  through  gauge. 

Many  forms  of  tie-plates  have  been  tried,  but  those  having  a 
plain  surface  have  not  been  altogether  successful,  having  a  ten- 
dency to  work  loose  and  to  rattle  when  the  rails  are  not  tightly 
spiked  down.  The  accompanying  illustration  shows  the  Serviss 
plate,  which  is  provided  with  flanges  which  serve  the  double 
purpose  of  sustaining  the  plate  itself  and  of  entering  the  tie 
and  holding  the  plate  in  its  place. 

The  second  cut  shows  the  Davies  spike,  which  is  of  steel  with 
a  double  head.     When  driven  at  an  angle,  as  shown,  and   in 
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combination  with  the  tie-plate,  these  spikes  making  lock  fasten- 
ings, it  gives  great  lateral  resistance  and,  it  is  claimed,  a  much 
greater  resistance  than  the  use  of  a  rail  brace. 


A  New  Multipolar  Motor. 

The  latest  development  in  the  way  of  motors  is  of  the  multi- 
polar type,  is  called  the  Simp'.ex  motor,  and  was  recently 
shown  to  representative  electricians  at  the  company's  rooms, 
in  Boston. 

It  is  an  invention  which  seems  to  reverse  the  order  of  things, 
for,  instead  of  applying  the  power  or  current  to  the  center,  as 
in  the  old  types  of  machinery,  the  energy  is  concentrated  on 
the  outside  or  periphery. 

In  the  matter  of  construction  lies  the  fundamental  rupture 
between  the  Simplex  and  the  prevailing  type  of  motors.  The 
location  of  the  field  is  on  the  inside,  and  thus  it  becomes  tenfold 
more  compact,  and  diminishes  the  weight  to  one-fourth  that  of 
those  now  used.  It  also  has  the  shortest  possible  magnetic 
circuit,  consequently  can  be  energized  with  less  wire,  and  nat- 
urally less  current.     The  armature  being  in  the  form  of  a  ring, 


28o 


THE     RAILROAD    AND 


[June,  i8gi. 


which  encircles  the  field,  can  be  extended  to  any  diameter ;  thus 
an  enormous  initial  can  be  obtained,  and  the  speed  of  such  an 
armature  may  be  very  slow,  and  the  ventilation  of  coils,  being 
the  best  possible,  there  is  no  liability  of  "  burn-outs,"  for  the 
armature  is  always  comparatively  cool. 

This  armature,  revolving  as  it  does,  only  from  lOO  to  700 
revolutions  per  minute  instead  of  from  2.000  to  3.000.  propor- 
tionately reduces  the  friction  on  bearings,  and  requires  less  at- 
tention to  lubrication  and  replacing  worn  parts,  and  further, 
obviates  the  noise  consequent  upon  the  more  rapid  machines— a 
gain  in  one  direction  at  least,  which  the  public  will  readily  un- 
derstand and  appreciate. 

The  application  of  the  Simplex  motor  to  vehicles,  it  is  claimed, 
may  be  obtained  in  several  ways  : 

I.  Directly,  by  making  the  motor  a  wheel  of  the  vehicle.  In 
l^is  case,  all   of  the   benefit  of  weight  is   obtained  for   traction 
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purposes,  while  but  a  small  part  of  this  weight  is  carried  by  the 
vehicle  itself  ;  that  is,  the  motor  rests  on  the  rail  or  ground, 
according  to  the  use  to  which  it  is  put. 

2.  It  may  be  suspended  to  the  vehicle  and  directly  connected 
to  the  axle  of  the  same. 

3.  It  may  be  mounted  in  the  cab  of  a  locomotive,  and  con 
nected  to  the  axle  by  means  of  side  rods,  as  in  the  steam  loco- 
motive, or  by  belting,  the  advantages  of  this  method  being  that 
the  motor  is  high  from  the  ground,  and  is  thus  protected  from 
moisture  and  dust  accumulations,  while  at  the  same  time 
every  part  is  open  to  view  and  as  accessible  as  if  it  were  sta- 
tionary or  located  in  the  shop. 

The  first  two  of  these  methods  involve  no  loss  whatever  in 
the  transmission  of  power,  the  last-named  method  only  a  very 
slight  one.  It  will  thus  be  seen  that  there  is  no  limit  to  the 
working  capacity  of  this  machine,  the  mechanical  construction 
being  capable  of  enlargement  to  an  unlimited  extent  without 
materially  increasing  its  weight,  whereas  the  old  types  must 
necessarily  be  kept  within  a  certain  fixed  weight. 

Several  of  these  motors  have  been  ordered  by  well-known 
companies,  and  it  is  said  that  practical  tests  will  soon  be  made 
in  service.  One  of  the  motors  is  shown  in  the  accompanying 
illustration. 

♦ 

Smoothing  Planers  for  Wood-Work. 


In  recent  years  a  great  advance  has  been  made  in  planing 
machmery  for  giving  a  surface  to  all  kinds  of  wood.  The 
accompanying  cut  shows  one  of  the  latest  developments  in  this 
direction,  a  heavy  planer  and  smoother.  The  one  shown  is  a 
30  in.  size,  but  the  tool  is  made  in  six  sizes,  to  take  in  from  24 
to  42  in.  wide. 

The  means  of  adjusting  the  bed  is  claimed  as  the  best  known, 
making  it  solid  and  free  from  vibration,  having  more  support 
beneath  it  than  can  be  obtained  in  any  other  way. 

The  feed  consists  of  four  powerfully  geared  feed-rolls  of 
large  diameter,  and  the  fluted  or  front  feed-roll  is  driven  by 
expinsion  gearing,  making  it  impossible  for  the  roll  to  lift  out 


of  gear  when  taking  a  heavy  cut.  making  a  feed  that  can  be 
relied  upon  as  being  first-class  in  every  particular.  The  feed- 
rolls  are  weighted  on  an  improvea  principle,  the  weights  being 
adjustable  to  give  more  or  less  pressure  as  desired.  There  aie 
two  speeds  to  the  feed,  and  it  is  stated  that  this  machine  will 
do  smoother  work  at  its  fastest  feed  than  has  heretofore  been 
attained  on  any  other  smoothing  planer  at  a  much  slower 
speed. 

The  cylinder  is  four-sided,  so  as  to  use  either  two  or  four 
knives,  as  may  be  desired.     It  is  double  belted,  and  the  feed  is 
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run  directly  from  it.  There  are  pressure-bars  on  each  side  of 
the  cylinder,  arranged  on  a  new  principle,  to  work  to  the  circle 
of  the  head,  thus  preventing  all  tearing  out  of  wavy-grained  or 
knotty  stuff,  either  narrow  or  wide,  or  clipping  of  ends,  which 
is  so  common  with  many  smoothing  planers. 

One  of  the  greatest  advantages  of  this  machine,  especially  in 
the  wide  sizes,  is  that  the  stock  can  be  run  diagonally  under 
the  cylinder,  which  is  far  better  than  running  a  cylinder  in  a 
diagonal  position,  as  it  permits  straight  bells  being  run  to  the 
cylinder,  and  the  planing  of  short  stuff.  It  is  specially  adapted 
for  planing  framed  stock  where  straight  and  cross-grained  wood 
is  built  up,  and  which  heretofore  has  given  car-builders  trouble 
on  account  of  their  not  being  able  to  plane  this  particular  kind 
of  wood. 

The  second  cut  shows  a  double-cylinder  planer  and  smoother, 
which  is  the  same  machine,  but  provided  with  two  cylinders, 
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for  planing  with  the  under  cylinder  as  smooth  as  with  the  upper  ; 
this  machine  is  simple  to  adjust  and  to  operate.  It  has  been 
very  successful,  and  will  do  a  large  amount  of  perfect  work. 

This  machine  will  be  found  a  valuable  one  for  car-builders 
and  others  who  have  stock  to  dress  on  both  sides,  especially 
wide  or  hard  wood.  They  are  made  by  the  Egan  Company, 
whose  works  are  at  Nos.  194-214  West  Front  Street  in  Cin- 
cinnati. 


A  Itevr  Steam  Heating  System. 

A  NEW  system  for  the  continuous  heating  of  trains  by  steam 
is  now  being  introduced  by  the  Morton  Safety  Heating  Com- 
pany of  Baltimore,  which  not  only  promises  well,  but  has  also 
shown  good  results  so  far  as  tested.  The  advantages  claimed 
for  this  system  are  summed  up  as  follows  : 

1.  The  heat  is  stored  in  an  earthenware  tube,  enclosed  in  an 
iron  pipe  ;  steam  is  applied  for  five  or  ten  minutes  only,  and 
sufficient  heat  is  stored  to  keep  the  car  comfortable  for  several 
hours. 

2.  It  is  the  only  system  by  which  a  regular  temperature  can 
be  maintained  at  all  limes  and  in  all  weather. 

3.  When  at  night,  the  locomotive  is  detached,  and  the  train 
is  left  standing  out  of  doors  for  ten  or  twelve  hours  without 
steam,  the  train  will  be  from  35  to  45  next  morning.  With 
any  live  steam  or  hot-water  system  the  train  would  be  cold  in 
one  hour. 

d.  It  is  safe  ;  there  being  no  stpam  or  hot  water  remaining 
in  our  pipes,  there  is  no  danger  of  scalding,  in  case  of  accident 
to  the  train. 
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5.  It  '\s  economical ;  because  steam  need  only  be  taken  from 
the  locomotive  when  ic  is  stationary,  or  running  down  grade, 
and  our  material  will  not  freeze  in  the  coldest  weather. 

6.  It  is  so  simple  that  any  one  can  be  instructed  to  manage 
it  in  a  few  minutes. 

The  first  claim  is  supported  by  an  accidental  test  on  the 
Grand  Trunk,  where,  on  March  11,  the  engine  of  a  passenger 
train  heated  by  this  system  broke  down  near  Island  Pond,  and 
a  freight  engine  was  attached  ;  the  train  was  without  steam  for 
five  hours,  and  on  arrival  at  Montreal  the  thermometer  registered 
65  in  the  cars.  As  to  the  second,  on  January  29  last,  on  the 
Intercolonial  Railway,  a  train  was  run  between  Halifax,  N.  S., 
and  St.  John,  N.  B.,  275  miles,  and  a  regular  temperature  of 
from  70  to  72  maintained  the  entire  distance,  by  application 
of  steam  for  five  minutes  each  hour. 

During  the  past  winter  this  system  was  tested  practically  by 
daily  use  on  the  Norfolk  &  Western  ;  the  Chicago,  St.  Paul, 
Minneapolis  &  Omaha  ;  the  Richmond,  Fredericksburg  &  Poto- 
mac ;  the  Canadian  Pacific  ;  the  Grand  Trunk  and  the  Inter- 
colonial roads. 

It  is  well  adapted  to  street  cars  also,  and  has  been  in  use  on 
the  Baltimore  City  and  Baltimore  Traction  lines  ;  in  Dover, 
N.  H.,  and  on  the  West  End  Company's  lines  in'Boston. 

The  Morion  Company  has  its  headquarters  at  No.  106  East 
Saratoga  Street,  Baltimore.  The  officers  of  the  company  are 
E.  G.  Kenlv,  General  Manager,  and  Eugene  Carringion,  Gen- 
eral Superintendent. 

« 

General  Notes. 


The  special  pipe-joint  grease  made  by  the  Joseph  Dixon 
Crucible  Company  has  given  excellent  results  when  used  for 
mud-plugs  in  locomotive  boilers  and  similar  purposes,  and  its 
use  is  extending. 

The  Mason  Regulator  Company,  Boston,  has  acquired  the 
exclusive  right  to  make  and  sell  the  piston-lhrow  indicator 
patented  by  Mr.  Frank  Robinson,  of  Bangor,  Master  Mechanic 
of  the  Maine  Central  Railroad.  The  device  is  very  simple, 
and  shows  a  car  inspector  at  once  the  condition  of  the  air-brake 
pistons.     It  is  a  convenient  device  and  one  much  needed. 

The  New  York  office  of  the  Taylor  Iron  Works  is  now  in 
the  new  Central  Building  at  Liberty  and  West  streets.  This 
building  is  becoming  a  center  for  railroad  business. 

The  Johnson  Railroad  Signal  Company  has  removed  its 
New  York  office  to  No.  47  Broadway. 

The  works  of  the  Cleveland  City  Forge  &  Iron  Company 
contain  23  hammers  in  all,  of  which  seven  are  upright  and  the 
others  are  helve  hammers.  The  heaviest  of  these  hammers 
has  a  10  ton  head  with  an  S-ft.  stroke.  Among  the  achieve- 
menls  of  these  works  are  the  manufacture  of  a  shaft  4  ft.  in 
diameter  on  the  bearings  ;  plate  bendins:  rolls  32  in.  in  diameter 
and  weighing  64.740  lbs.  each,  and  a  triple-expansion  crank 
shaft  weighing  60,810  lbs.  The  machine  shop  connected  with 
these  works  is  equipped  with  unusually  heavy  tools  for  handling 
the  largest  masses  of  metal  coming  from  the  hammers.  One 
of  their  lathes,  built  in  Scotland,  will  take  in  a  shaft  60  ft.  in 
length. 

The  Ball  &  Wood  Company  has  bought  the  recent  patents 
and  inventions  of  Frank  H.  Ball,  and  will  engage  in  the  manu- 
facture of  high-speed,  automatic  cut-off  engines.  The  new 
company  is  building  extensive  shops  at  Elizabethport,  N  J., 
which  will  be  equipped  with  the  best  tools,  with  a  view  to  build- 
ing the  improved  Ball  engine.  Mr.  Thomas  C.  Wood  is  Presi- 
dent, and  Charles  R.  Vincent  Secretary  and  Treasurer. 

The  Carlisle  Manufacturing  Company,  Carlisle,  Pa.,  is  about 
to  erect  a  brick  building  300  ft.  in  length,  to  replace  the  frog 
shop,  which  was  recently  destroyed  by  fire.  The  shop  is  now 
occupying  temporary  quarters. 

The  Bethlehem  Iron  Company  at  Bethlehem,  Pa.,  has  now 
a  Yale  &  Towne  hydraulic  testing  machine  which  has  a  capacity 
of  300  000  lbs  This  machine  is  chiefly  used  in  testing  the 
armor-plates  and  gun  forgings  which  the  company  is  now 
making  for  the  United  States  Government. 

The  business  offices  of  this  company,  with  that  of  the  Presi- 
dent, Mr.  R.  B.  Lindcrman,  have  recently  been  removed  from 
their  old  location  in  the  woiks  to  the  new  building  of  the  Lehigh 
Valley  Railroad  in  Bethlehem. 

An  addition  to  the  general  oflice  building  of  the  Lehigh 
Valley  Railroad  at  South  Bethlehem,  Pa.,  has  just  been  fin- 
ished, nearly  doubling  its  size.  The  company  now  has  offices 
of  ample  size,  very  handsomely  and  conveniently  arranged. 
The  engineering  offices  now  located  at  Wilkes-Barre  are  being 


removed  to  South  Bethlehem,  and  also  the  Paymaster's  cflice 
and  those  of  the  Coal  Department. 

The  shops  of  Tippett  tS:  Wood.  Philipsburg,  N.  J.,  are  filling 
a  large  contract  for  ere  chutes  and  dock  equipment  for  the 
Sagua  Iron  Company  in  Cuba  ;  that  company  is  largely  owned 
by  the  Thomas  Iron  Company,  of  Hokendauqua,  Pa.  Tippett 
&  Wood  are  also  building  a  stand-pipe  for  the  water-works  at 
Henderson,  N.  C,  and  one  for  Winter  Harbor  on  Grindstone 
Neck  in  Maine. 

The  Allentown  Rolling  Mill  Company,  Allentown,  Pa.,  has 
added  to  its  extensive  works  a  spike  mill  with  a  capacity  of  20 
tons  a  day,  which  started  up  May  11,  In  this  mill  new  pat- 
ented machinery  is  in  use  ;  it  is  in  charge  of  a  gentleman  who 
was  long  engaged  in  the  business  in  Brazil,  Ind.  The  com- 
pany has  nearly  completed  a  new  factory  for  its  switch  and 
signal  department,  which  is  in  charge  of  Mr.  Frederick  S. 
Guerber. 

The  Philadelphia  Bridge  Works  of  Cofrode  &  Savior  have 
recently  received  the  following  important  orders  :  For  the 
Philadelphia  &  Reading  Railroad,  20  girder  and  truss  bridges 
on  the  Port  Reading  Extension,  from  near  Bound  Brook  to 
Kill  Von  Kull  ;  for  the  New  York  Central  Railroad,  three  large 
plate  girder  bridges  on  the  Rome,  Wateriown  &  Ogdensburg 
Division  ;  for  the  Central  Railroad  of  Ntw  Jersey,  thrte  bridges, 
two  of  which  are  for  six  tracks  ;  for  the  Pennsylvania  Railroad, 
two  bridges  at  Trenton,  N.  J.;  also,  a  large  iron  machine  shop 
to  be  built  at  Jersey  City. 

The  latest  transatlantic  fast  steamer  is  the  Fiirst  Bistnaxk 
of  the  Hamburg-American  Company's  line.  The  new  ship  is 
500  ft.  long,  57  ft.  6  in.  beam,  and  38  ft.  deep.  There  are  twin 
screws,  each  driven  by  a  triple-f xpansion  engine  capable  of 
working  up  to  S,ooo  H.  P.  There  are  nine  double  ended  boilers 
and  also  an  additional  boiler  on  the  upper  deck  for  running  the 
pumps  and  auxiliary  engines. 

The  factory  and  office  of  Joel  H.  Woodman  &  Company, 
manufacturers  of  car  seats,  panels,  veneering,  etc.,  has  been 
removed  to  Fifteenth  and  Clinton  streets,  Hoboken,  N.  J. 
The  new  buildings  are  large,  covering  an  area  of  200  x  200  ft., 
and  have  facilities  for  doing  a  great  amount  of  work.  This 
firm  has  also  recently  bought  out  ths  New  York  business  of 
Foster  &  Petersen  ;  that  firm  will  be  reorganized  as  Petersen 
Brothers,  and  removed  to  Portsmouth,  N.  H. 

The  steamboat  Rhode  Island,  of  the  Providence  &  Stonington 
Steamship  Company,  has  recently  been  supplied  with  a  new 
engine  by  the  Morgan  Iron  Works  in  New  York.  She  now 
has  a  compound  beam  engine,  with  high-pressure  cylinder  64 
in.  diameter  and  7  ft.  stroke  ;  low-pressure  cylinder  84  in. 
diameter  and  12  ft.  stroke.  The  low-pressure  cylinder  is  con- 
nected to  the  forward  end  of  the  beam  ;  the  high-pressure 
cylinder  to  the  after  part  of  the  beam,  in  front  of  the  connect- 
ing rod.  The  paddle-wheels  are  of  the  ordinary  type  and  34 
ft.  in  diameter. 

Two  new  steel  ferry-boats  are  under  construction  at  the 
Marvel  yard  in  Newburg.  N.  V.  for  the  Hoboken  Land  &  Im- 
provement Company,  and  the  first  of  them,  the  Bremen,  was 
launched  May  12,  and  towed  to  New  York  to  receive  her  en- 
gines. The  hulls  of  these  boats  are  220  ft.  long,  40  ft.  beam, 
and  17  ft.  deep.  They  will  have  a  screw  at  each  end,  both 
screws  being  on  the  same  shaft  and  driven  by  compound  engine, 
having  two  high-pressure  cylinders,  20  in.  diameter,  and  two 
low-pressure,  36  in.,  all  being  28  in.  stroke. 

The  new  steel  steamer  E.  C.  Pope,  launched  from  the  Wyan- 
dotte yard  of  the  Detroit  Dry  Duck  Company  on  May  2,  is,  it 
is  claimed,  the  largest  freight  carrier  on  the  lakes.  The  gen- 
eral dimensions  are  :  Length  over  all,  334  ft.  6  in.  ;  length  of 
keel,  314  ft.;  beam,  42  ft  ;  depth  of  hold,  24  ft.  The  boat  will 
have  a  propeller  13  ft.  2  in.  in  diameter,  driven  by  a  triple- 
expansion  engine,  with  cylinders  22  in.,  35  in.,  and  56  in.  in 
diameter  and  44  in.  stroke.  Two  steel  cylindrical  boilers,  each 
14  ft.  3  in.  by  11  ft.  6  in.,  will  furnish  the  power  at  a  working 
pressure  of  160  lbs.  The  hold  is  divided  into  eight  separate 
water-tight  compartments,  which  may  contain  g-:o  tons  of  water 
ballast.  The  boat  is  fitted  with  a  Worthingion  ballast  pump, 
a  Providence  steam  windlass  and  steam  capstans  furnished  by 
the  American  Ship  Windlass  Company,  Williamson  steam- 
steering  gear,  and  all  the  modern  appurtenances  of  a  first-class 
steamer.     Three  pole  masts,  without  sails,  are  carried. 

The  Rhode  Island  Locomotive  Works  in  Providence  have 
recently  completed  5  engines  for  the  New  York,  New  Haven  & 
Hartford.  2  moguls  for  the  Fort  Worth  &  Rio  Grande,  and 
have  orders  for  21  others,  including  4  moguls  for  the  Maine 
Central,  3  switch  engines  for  the  Old  Colony,  5  for  the  Mil- 
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waukee,  Lake  Shore  &  Western,  6  for  the  Wabash,  and  3  for 
the  Mexican  Central. 

During  the  month  of  April  the  Schenectady  Locomotive 
Works  turned  out  33  engines,  including  six  18  X  24  ten-wheel 
passenger,  three  17  X  24  six-wheel  shifting  engines  for  the 
Chicago,  St.  Paul,  Minneapolis  &  Omaha  ;  two  20  X  24  con- 
solidation engines  for  the  Chicago  &  Eastern  Illinois  ;  six 
18  X  24  ten-wheel  passenger,  four  iq  X  24  ten-wheel  freight, 
and  five  17  X  24  six-wheel  shifting  engines  for  the  Chicago  & 
Northwestern  ;  four  18  X  24  six-wheel  shifting  engines  for  the 
Fitchburg  Railroad  ;  one  17  X  24  Forney  engine  for  the  Erie 
&  Wyoming  Valley,  and  two  16  X  20  narrow  gauge  12-wheel 
freight  engines. 

The  Brooks  Locomotive  Works,  Dunkirk,  N.  Y.,  have  re- 
cently received  orders  for  10  freight  engines  for  the  Wisconsin 
Central  Railroad  and  for  20  locomotives  for  the  Cleveland, 
Cincinnati,  Chicago  &  St.  Louis  Railroad. 

The  Rogers  Locomotive  Works  are  building  18  locomotives 
for  the  Nashville,  Chattanooga  &  St.  Louis  and  8  heavy  en- 
gines for  the  Columbus  &  Hocking  Valley.  They  have  also 
received  an  order  for  lo  ten-wheel  freight  engines  for  the 
Houston  &  Texas  Central. 

The  Pittsburgh  Locomotive  Works  have  received  orders 
from  the  Wheeling  &  Lake  Erie  Railroad  for  three  yard  engines 
and  six  ten-wheel  freight  engines  for  that  road. 


The  Smillie  Car  Coupler. 


The  effect  of  the  adoption  of  the  Master  Car  Builders'  type  of 
couplers  has  been  to  stimulate  inventors  all  over  the  country, 
and  has  led  them  to  make  many  improvements  in  the  details  of 
couplers  of  the  vertical  plane  type.  The  illustrations  which 
are  given  herewith  represent  a  form  of  coupler  which  has  been 


Fig.  I. 


evolved  through  the  stimulus  referred  to.  As  will  be  seen 
from  the  engravings,  it  is  made  on  what  are  called  the  Master 
Car  Builders'  "  lines" — that  is,  the  contour  of  the  parts  which 
engage  with  each  other  are  made  of  the  form  recommended  by 
the  Master  Car  Builders'  Association. 

Fig.  I  is  a  perspective  plan  and  fig.  2  a  similar  view,  with 
the  head  of  the  coupler  shown  in  section.  The  knuckle  A  is  of 
a  Z  shape,  and  in  fig.  i  is  shown  in  the  position  it  occupies 
when  open,  and  in  fig.  2  it  is  shown  closed.  When  the  lock- 
ing pin  /'is  withdrawn  the  knuckle  can  be  swung  into  the  open 


Fig.  2. 


position  shown  in  fig.  i.  The  inside  arm  B  of  the  knuckle  then 
comes  below  the  pin  and  supports  it.  When  the  knuckle  is 
completely  open  the  pin  rests  on  the  end  of  the  arm  ^  in  a 
step  /'■  The  weight  of  the  locking  pin  and  its  connections  thus 
holds  the  knuckle  in  its  open  position  for  coupling.  When  two 
open  couplers  come  together  the  force  of  the  blow  raises  the 
locking  pin  out  of  the  depression  F,  the  knuckle  is  turned  on 
the  pivot  pin  C,  and  the  arm  />  is  pushed  back  from  under  the  pin 
into  the  position  shown  in  fig.  2.  In  this  position  it  no  longer 
supports  the  locking-pin,  which  then  falls  6  in.  into  the  hole  £>, 


and  the  knuckle  bears  against  the  pin  at  £,  and  is  thus  securely 
locked.  At  the  same  time  the  arm  B  is  held  in  the  recess  made 
to  receive  it  in  the  coupler-head.  It  is  there  enclosed  by  a 
solid  wall  of  metal,  so  that  with  the  locking  and  pivot  pins  it 
forms  a  triple  combination  to  resist  the  pulling  force  on  the 
couplers.  Even  if  the  pivot  pin  C  should  be  broken  or  re- 
moved, the  knuckle  would  be  held  in  its  position  by  the  lock- 
ing pin,  the  arm  B  and  the  metal  in  front  of  it. 

From  fig.  2  it  will  be  seen  that,  when  coupled  to  another  car, 
the  knuckle  bears  against  the  locking  pin  at  £.  .  The  reaction 
of  this  strain  is  resisted  by  the  pivot  pin  C,  or  by  shoulders  // 
on  the  back  of  the  knuckle.  If  the  pivot  pin  C  was  broken  or 
removed,  the  shoulders  referred  to  and  the  metal  at  6' would 
still  be  sufficient  to  resist  the  pulling  strain  on  the  coupler,  thus 
forming  a  double  lock,  as  was  shown  by  the  following  tests, 
which  were  made  by  Mr.  N.  O.  Olsen,  on  a  Fairbanks  testing 
machine,  in  April  of  this  year.  The  knuckles  were  steel  from 
two  different  makers,  the  draw  heads  malleable  iron  : 

X.  Tension,  with  pivcit   pins,  knuckle  breaking  at  111,600  lbs. 

2.  "  "          "        "            "               "            "  iig.490    " 

3.  "  without  pivot  pins,    "                "            "  106,560  " 

4.  "  with          "        '•  drawhead     "            "  139,640  " 

5.  "  without     "        •*   knuckle        "            "  135,360  " 

Test  No.  3  was  with  coupling  locked  without  pivot  pins  and 
pulled  as  in  service,  both  knuckles  having  been  used  in  ist  and 
2d  tests,  broke  as  above.  Test  No.  4  was  with  pivot  pins,  the 
drawhead  breaking  at  139,640  lbs.  Test  No.  5  was  without 
pivot  pins,  the  knuckle  breaking  at  135,360  lbs. 

The  double  lock  was  in  as  good  condition  after  the  tests  as  be- 
fore. 

The  locking  pin  must  be  lifted  6  in.  to  unlock,  therefore  the 
coupler  will  not  unlock  by  any  jolt  of  the  train  in  motion. 

The  unlocking  device  consists  of  the  usual  shaft  and  lever 
arms,  carried  in  bearings  attached  to  the  end  of  the  car,  but  in- 
stead of  a  chain  to  lift  the  pin  a  clevis  is  used,  which  holds  up 
the  pin  when  the  knuckle  is  set  not  to  couple. 

This  coupler  is  made  by  the  Smillie  Coupler  and  Manufac- 
turing Company,  at  91  Clay  Street,  Newark,  N.  J.  The  New 
York  office  is  at  52  Broadway. 


The  Baltimore  Cable  Railroad. 


Work  on  the  cable  road  of  the  Baltimore  Traction  Company 
is  practically  completed.  The  only  work  now  being  done  on  the 
tracks  is  on  South  Howard  Street,  where  the  operations  of  the 
Belt  Railroad  have  caused  the  street  bed  to  sink,  throwing  the 
cable  track  out  of  level. 

The  gripmen  who  are  to  manage  the  cars  are  taking  lessons 
daily,  and  workmen  are  going  over  the  line  and  the  machinery 
looking  for  defects.  Experimental  trips  are  being  made  daily, 
and  the  management  expect  to  have  the  road  in  full  operation 
by  June  10. 

Ground  was  broken  for  the  road  March  24,  1890.  As  it 
stands  to-day  the  road  is,  according  to  the  claims  of  its  officials, 
the  best  in  the  world.  It  has  about  6  miles  of  double  track  laid 
upon  iron  yokes  placed  5  ft.  apart,  and  weighing  500  lbs.  each. 
The  road  is  strong  enough  to  carry  the  heaviest  train  that  is 
run  over  the  Pennsylvania  Railroad.  The  cable  cars  weigh 
15,000  lbs.,  each  being  10,000  lbs.  heavier  than  the  horse  cars. 
They  run  on  two  trucks  of  four  wheels  each. 

Over  7,000,000  bricks  were  used  in  the  construction  of  the 
power-houses.  Each  house  contains  two  500  H.P.  Corliss 
engines,  with  groove  wheels  26  ft.  in  diameter. 

Thirty -two  cotton  ropes  2i  in.  in  diameter  form  the  belt  for 
the  wheels. 

The  entire  work  was  done  by  the  United  States  Construction 
Company,  of  Philadelphia.  Much  of  the  machinery  was  made 
by  the  Robert  Poole  &  Son  Company,  and  Bartlett,  Hay  ward  & 
Company,  of  Baltimore. 

The  road  runs  the  entire  length  of  the  city,  from  Druid  Hill 
Park  west  to  Patterson  Park  east. 


PERSONALS. 

William  A.  Hamill  has  been  appointed  Railroad  Commis- 
sioner of  Colorado. 

S.  C.  Weiskoi'F  has  been  appointed  Engineer  and  Eastern 
Agent  of  the  Keystone  Bridge  Company,  of  Pittsburgh. 

Thomas  Cogswell  has  been  appointed  Railroad  Commis- 
sioner of  New  Hampshire,  in  place  of  John  Mitchell,  re- 
signed. 

George  M.  Basford,  late  Assistant  Engineer  of  Tests  of 
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the  Union  Pacific,  is  now 
Milwaukee  &  St.  Paul. 


Signal   Engineer  of  the  Chicago, 


E.  H.  Keating,  late  of  Halifax,  N,  S.,  has  been  appointed 
City  Engineer  of  Duluth,  Minn.  He  has  had  much  experience 
in  wharf  and  dock  construction. 

The  new  Railroad  Commission  of  Teifas  consists  of  ex- Sen- 
ator John  H.  Reagan,  who  needs  no  introduction  ;  Judge  W. 
P,  McLean,  a  well-known  lawyer,  and  L.  L.  Foster. 

Hon.  John  H.  B.  Latkobe,  for  many  years  connected  with 
the  Baltimore  &  Ohio  Railroad  as  a  Civil  Engineer,  celebrated 
his  8Sth  birthday  at  his  residence  in  Baltimore,  May  4. 

C.  H.  Quereau  has  been  appointed  Engineer  of  Tests  of 
the  Chicago,  Burlington  &  Quincy  Railroad,  succeeding  F.  W. 
Sargent,  who  has  resigned.  Mr.  Quereau  has  been  Assistant 
Engineer  for  some  time. 

Walter  G.  Oakman  has  been  chosen  Vice-President  of  the 
Central  Railroad  Company  of  New  Jersey,  succeeding  Joseph 
S.  Harris,  who  recently  resigned  in  order  to  devote  his  time 
entirely  to  the  business  of  the  Lehigh  Coal  &  Navigation  Com- 
pany. Mr.  Oakman  was  recently  connected  with  the  Rich- 
mond &  Danville  Railroad. 

Samuel  M.  Rowe  has  resigned  his  position  as  Chief  Engineer 
of  the  Atlantic  &  Pacific,  and  is  now  engaged  in  building  a  nar- 
row-gauge line  running  from  Coolidge,  N.  M.,  southward.  Mr. 
Rowe  has>  been  on  the  Atlantic  &  Pacific  for  some  time,  and 
had  charge  of  the  construction  of  the  cantilever  bridge  over  the 
Colorado  at  Red  Rock. 

Rear-Admiral  D.  L.  Braine,  who  has  for  some  time  past 
been  in  command  of  the  New  York  Navy  Yard,  has  been  re- 
lieved from  that  position  and  placed  upon  the  retired  list,  as  he 
has  reached  the  limit  of  age  prescribed  by  law  for  active  ser- 
vice. His  successor  in  command  of  the  New  York  Yard  will 
be  Captain  Henry  Erhen. 

William  H.  Burr,  recently  General  Manager  of  the  Phoenix 
Bridge  Company,  has  severed  his  connection  with  that  Com 
pany,  and  has  purchased  an  interest  in  the  business  of  Sooy- 
smith  &  Company.  From  June  i  Mr.  Burr  is  Vice-President 
of  that  Company,  which  is  now  as  heretofore  conducting  the 
business  of  contracting  and  superintending  engineers  for  bridges, 
substructures,  foundations,  docks,  tunnels,  and  other  works. 


OBITUARY. 


George  R.  Campbell,  President  of  the  Campbell  Frog  «& 
Crossing  Works,  died  in  Bucyrus,  O.,  about  May  i.  Previous 
to  engaging  in  the  manufacturing  business,  Mr.  Campbell  was 
for  a  number  of  years  Roadmaster  of  the  Toledo  &  Ohio 
Central. 

Samuel  M.  Cummings,  who  died  in  Boston,  May  6,  aged  75 
years,  was  for  many  years  Master  Mechanic  of  the  Pittsburgh, 
Fort  Wayne  &  Chicago  Railroad,  and  was  widely  known  as  an 
active  and  efficient  officer.  He  retired  from  active  business 
several  years  ago,  and  had  since  lived  in  Boston. 


Few  men  can  look  back  over  50  years  of  railroad  service,  but 
one  of  them  was  John  Wai,ton,  who  died  recently  in  Eliza- 
beth, N.  J.,  aged  80  years.  He  entered  the  service  of  the  old 
New  Jersey  Railroad  in  1834,  as  a  workman  on  the  construction 
of  the  road  between  Elizabeth  and  New  Brunswick.  He  re- 
mained on  the  road  after  it  was  finished,  and  about  1844  was 
made  Section  Master.  He  had  charge  of  the  section  between 
Elizabeth  and  Rahway  until  he  ended  his  50th  year  of  work  in 
1884,  when  the  Pennsylvania  Railroad  Company  retired  him  on 
a  pension. 

Major  Peyton  Randolph,  who  died  in  Washington,  April 
22,  was  a  civil  engineer  by  profession,  and  his  first  work  was 
on  the  location  of  the  Richmond  &  Danville  Railroad.  He  was 
also  for  a  lime  on  the  Ohio  &  Mississippi,  fie  served  during 
the  war  in  the  Confederate  Army,  and  after  the  close  of  the  war 
was  engaged  on  the  Elizabeth,  Lexington  &  Big  Sandy  road. 
In  1873  he  was  appointed  Chief  Engineer  of  the  Virginia  Mid- 
land and  remained  on  that  road  nine  years,  for  four  of  them 
being  General  Superintendent.  In  18S2  he  was  made  Assistant 
General  Manager  of  the  Richmond  &  Danville,  and  in  1888 
General  Manager.  Major  Randolph  was  prominent  and  active 
in  the  transformation  of  the  General  Time  Convention  in  the 


American  Railway  Association,  and  was  one  of  the  leaders  in 
bringing  about  the  change. 


Peter  Ward,  who  died  in  Newburg,  N.  Y.,  May  10,  aged 
63  years,  was  for  many  years  a  civil  engineer  and  contractor. 
As  a  contractor  he  was  well  known,  having  laid  hundreds  of 
miles  of  road  in  various  parts  of  the  country,  from  the  Atlantic 
to  the  Pacific  coast.  His  last  enterprise  is  not  yet  completed, 
that  of  the  ZigZag  Tunnel  on  the  Ontario  &  Western  Railroad. 
Mr.  Ward  was  active  in  local  affairs,  and  had  served  as  Mayor 
of  Newburg  and  in  the  New  York  State  Senate. 


Lawson  Valentine  died  May  5.  at  his  residence  in  Moun 
tainville,  N.  Y.,  aged  63  years.  He  was  born  in  Cambridge, 
Mass.,  and  in  1847  began  his  career  in  the  paint  and  varnish 
business,  in  which  he  afterward  became  so  well  known,  as  an 
apprentice  in  Boston,  with  the  firm  of  Wadsworlh,  Nye  & 
Company.  In  1852  he  formed  a  partnership  under  the  name 
of  Stimson,  Valentine  &  Company,  for  the  purpose  of  manu- 
facturing varnish,  and  this  was  the  beginning  of  the  large  busi- 
ness which  he  afterward  built  up.  The  firm  continued  in  busi- 
ness unchanged  until  1867,  when  the  style  was  changed  to  Val- 
entine &  Company.  In  1S82  this  Company  was  incorporated, 
with  Mr.  Lawson  Valentine  for  President.  -In  the  same  year 
he  retired  from  that  office,  however,  and  in  18S6  started  a  new 
Company,  the  Lawson  Valentine  Company,  of  which  he  was 
President  and  active  manager  up  to  the  time  of  his  death.  In 
his  long  business  career  he  met  with  varied  success,  but  suc- 
ceeded fully  in  his  general  object,  which  was  the  establishment 
of  the  manufacture  of  varnish  in  this  country,  and  it  is  chiefly 
due  to  his  efforts  that  the  imported  varnishes  were  practically 
driven  from  the  market. 

Mr.  Valentine  during  his  whole  business  life  was  much  inter- 
ested in  journalistic  enterprises.  He  was  the  founder  of  the  //ul>, 
the  oldest  and  best  known  of  the  carriage  trade  journals,  and  took 
an  active  interest  in  its  conduct.  In  1877  he  became  interested 
in  the  Christian  Union,  and  was  shortly  afterward  made  Presi- 
dent of  that  Company.  He  was  also  President  of  the  Rural 
Publishing  Company,  which  has  issued  the  Rural  New  Yorker 
and  the  Ametican  Garden.  He  was  a  frequent  contributor  to 
his  various  publications,  and  also  to  the  paper  named  Varnish, 
which  he  himself  issued  for  the  purpose  of  forwarding  his  busi- 
ness interests.  In  addition  to  this  he  was  a  silent  partner  in 
the  publishing  house  of  Houghton,  Mifflin  &  Company,  of  Bos- 
ton. Besides  all  of  these  business  occupations  he  was  an  active 
member  of  the  New  York  Chamber  of  Commerce,  the  Ameri- 
can Geographical  Society,  and  of  a  number  of  other  societies 
and  clubs.  Mr.  Valentine  had  many  friends,  and  his  death  will 
be  widely  regretted. 

Professor  Julius  Erasmus  Hilgard,  formerly  Superin- 
tendent of  the  United  States  Coast  Survey,  died  in  Washington, 
May  8,  after  a  long  illness.  He  was  born  in  Zweibtiickfn,  Ba- 
varia, in  1825,  and  came  with  his  parents  to  America  10  years 
later.  His  father  was  a  lawyer,  with  strong  tastes  for  literature 
and  science,  and  he  educated  his  sons  so  carefully  that  ail  be- 
came prominent  in  the  scientific  world.  Julius  was  studying 
engineering  at  Philadelphia  when,  in  his  twentieth  year,  he  at- 
tracted the  attention  of  the  late  A.  D.  Bache,  Superintendent 
of  the  United  States  Coast  Survey.  Professor  Bache  persuaded 
the  young  man  to  become  his  assistant,  and  for  40  years  after- 
ward Mr.  Hilgard  was  in  the  Coast  Survey  Bureau,  becoming 
the  Superintendent  in  1881,  but  resigning  four  years  later.  His 
relations  with  Professor  Bache  were  those  of  a  personal  friend 
as  well  as  assistant.  The  immense  increase  of  work  of  the 
Bureau,  occasioned  by  demands  for  information  about  our 
coast  line  by  naval  vessels  and  transports  during  the  civil  war, 
compelled  Professor  Bache  to  give  up  active  work,  his  mind 
failing.  Mr.  Hilgard,  who  might  have  had  the  place,  remained 
Assistant  in  charge  of  the  office,  and  did  his  chief's  work  and 
his  own,  so  that  Mr.  Bache  might  continue  to  draw  his  salary. 
In  1872  Professor  Hilgard  was  a  delegate  to  the  International 
Metric  Commission  which  met  at  Paris,  and  was  offered  the  di- 
rectorship of  the  International  Bureau  of  Weights  and  Meas- 
ures. In  the  same  year  he  corrected  the  long  accepted  differ* 
ence  between  the  longitude  of  Paris  and  Greenwich.  Later  he 
superintended  the  magnetic  survey  of  the  United  States  pro- 
vided for  by  a  bequest  of  Professor  Bache.  He  was  one  of  the 
founders  of  the  National  Academy  of  Sciences,  and  was  a  mem- 
ber and  once  President  of  the  American  Association  for  the 
Advancement  of  Science,  besides  being  a  member  of  many 
other  learned  bodies.  Most  of  his  writings  appeared  in  the 
publications  of  the  Coast  Survey  Bureau,  but  he  was  known  to 
many  as  a  most  lucid  speaker  on  scientific  subjects,  which  gen- 
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erally  are  discussed  in  terms  above  ordinary  comprehension. 
Personally  he  was  a  man  of  high  character,  strong  friendships, 
and  extreme  unselfishness. 


Charles  G.  Ellis. 


The  death  of  Charles  G.  Ellis,  President  of  the  Schenectady 
Locomotive  Works,  occurred  at  Schenectady  on  May  15.  He 
took  a  slight  cold  while  out  driving  two  days  before,  which 
rapidly  developed  into  pneumonia,  which  caused  his  death. 

For  the  following  particulars  concerning  the  Schenectady 
Locomotive  Works  and  Mr.  Ellis's  connection  with  them  we  are 
indebted  to  the  Daily  Union  of  Schenectady  : 

It  was  incorporated  on  June  14,  1851.  The  first  buildings 
had  been  erected  by  citizens  of  Schenectady  three  years  pre- 
vious, under  the  name  of  the  "  Schenectady  Locomotive  En- 
gine Manufactory."  A  company  formed  carried  on  the  works 
one  year,  but  unsuccessfully,  when  the  buildings  were  closed 
and  remained  idle  for  a  year,  during  which  time  a  part  of  the 
personal  property  was  sold  for  taxes.  The  whole  works  were 
finally  sold  at  one  half  cost.  The  purchasers  under  the  sale 
were  John  Ellis,  Daniel  D.  Campbell,  and  Simon  C.  Groot. 
New  capital  was  raised,  and  an  organized  firm  resulted. 

In  the  same  year,  185 1,  Waller  McQueen  acquired  an  inter 
est,  which  he  still  holds.  In  February,  1863,  John  C.  Ellis 
bought  out  his  original  partners  and  obtained  full  control  of 
the  property.  The  war  of  the  rebellion  at  that  tin;e  made  a 
lively  decnand  upon  the  works  for  locomotives  for  government 
service  in  the  hauling  of  trains  of  troops  upon  military  roads  at 
the  seat  of  operations.  In  consequence  the  business  grew  to 
large  dimensions,  the  force  of  operatives  steadily  increased, 
and  the  buildings  became  enlarged  and  increased.  Mr.  John 
Ellis  died  in  1S65.  His  eldest  son,  John  C.  Ellis,  then  be- 
came President  of  the  Locomotive  Company.  Hon.  John  C. 
Ellis  died  in  1884.  Charles  G.  Ellis  had  become  the  President 
of  the  company  the  year  before,  with  Walter  McQueen,  Vice- 
President,  and  Edward  Ellis,  Treasurer. 

The  works  have  been  very  much  extended  during  late  years, 
and  now  employ  nearly  two  thousand  men.  Since  the  death 
of  his  father  John  Ellis,  the  son,  Charles  G.  Ellis,  as  one  of 
three  brothers  and  a  half-brother  to  whom  the  locomotive  works' 
property  descended,  has  been  a  very  active  factor  in  the  man- 
agement of  the  industry.  He  made  an  exhaustive  study  of  the 
details  of  the  business,  and  derived  a  full  and  practical  ac- 
quaintance which  ever  after  became  of  great  assistance  to  him 
in  his  active  efforts  to  advance  the  enterprise.  He  took  a  lively 
interest  in  the  business,  and  gave  daily  attendance  and  often 
long  hours  to  the  work  of  managing  details  outside  of  the 
superintendent's  duties. 

Mr.  Ellis  served  one  term  in  the  State  Assembly  in  1868. 
He  was  a  constant  attendant  at  the  First  Presbyterian  Church, 
of  which  at  the  time  of  his  death  he  was  one  of  the  trustees. 
He  was  also  one  of  the  directors  of  the  National  Mohawk  Bank, 
and  a  very  useful  and  serviceable  one.  Roth  church  and  State 
will  thus  feel  his  loss  in  a  community  point  of  view. 

He  was  48  years  of  age,  and  leaves  a  wife,  one  daughter, 
and  many  friends,  not  only  in  the  community  in  which  he  lived, 
but  wherever  he  was  known. 


PROCEEDINGS  OF    SOCIETIES. 


Master  Mechanics'  and  Master  Car-Builders'  Associa- 
tions.—In  view  of  some  statements  which  have  been  made  pub- 
lic lately,  the  following  official  announcement  will  be  of  interest  : 

"  At  a  joint  meeting  of  the  Executive  Committees  of  the  Mas- 
ter Car  Builders'  and  Master  Mechanics'  Associations  held  in 
the  Murray  Hill  Hotel,  New  York,  recently,  a  resolution  was 
unanimously  adopted,  expressing  confidence  in  the  efforts  Mr. 
Walton.  Proprietor  of  the  Stockton  Hotel,  Cape  May,  is  making 
to  accommodate  the  persons  who  intend  to  be  present  at  the 
conventions.  This  was  done  after  Mr.  Walton  had  explained  in 
detail  his  method  of  assigning  rooms  and  his  charges.  The 
committees  were  satisfied  that  any  person  who  does  not  call  for 
a  selected  room  can  have  room  and  board  for  ^3  a  day." 

The  proprietor  of  the  Stockton  Hotel  announces  that  he  will 
put  up  a  special  pavilion  on  the  grounds  of  the  hotel,  in  which 
space  will  be  rented  to  exhibitors  at  the  rate  of  25  cents  per 
square  foot.     Steam  can  also  be  supplied  to  run  machinery. 

The  proprietor  of  Congress  Hall,  at  Cape  May,  has  issued 
the  following  circular:  "This  hotel  will  open  June  6  for  the 
Conventions  of  Car  Builders  and  Master  Mechanics.  The 
hotel  is  brick,  and  will  accommodate  500  persons.  One  thou- 
sand feet  of  piazza,  for  which  there  will  be  no  charge  for  ex- 


hibitors. Terms,  $3  per  day  for  each  person,  not  obliged  to  go 
two  in  a  room.  The  hotel  is  two  minutes'  walk  from  the 
Stockton." 


Northwest  Railroad  Club.  —At  the  regular  meeting,  in  St. 
Paul,  May  12,  Mr.  C.  A.  Seley  read  a  paper  on  Fuel  and  the 
Best  Appliances  for  Lessening  Consumption,  in  which  he  gave 
some  interesting  particulars  of  tests  of  locomotives  made  on  the 
Great  Northern  Railroad.  -This  paper  was  discussed  by  mem- 
bers present. 

Seaboard  Road  Association. — This  Association  was  formed 
at  a  meeting  held  in  the  rooms  of  the  American  Society  of 
Civil  Engineers  in  New  York,  April  28,  representatives  being 
present  from  several  of  the  Eastern  States.  A  number  of 
addresses  were  made  on  the  necessity  of  better  roads,  and  it 
was  resolved  to  organize  the  Association  for  the  purpose  of 
securing  belter  roads  and  encouraging  the  formation  of  State 
associations  to  co-operate  with  the  central  society. 

The  officers  chosen  were  •  President,  Colonel  A.  A.  Pope, 
Boston  ;  Secretary,  F.  W.  Skinner,  New  York  ;  Governing 
Committee,  E.  P.  Carpenter,  A.  F.  Noyes  and  A.  A.  Pope, 
of  Massachusetts  ;  A.  J.  Coleman,  of  Rhode  Island  ;  C.  L. 
Burdett,  of  Connecticut  :  J.  Bogart,  J.  R.  Dunn,  and  E.  P. 
North,  of  New  York  ;  F.  A.  Dunham  and  J.  Owen,  of  New 
Jersey  ;  A.  J.  Cassatt,  of  Pennsylvania. 


American  Society  of  Mechanical  Engineers. — The  fifth 
monthly  reunion  of  the  Society  was  held  April  30,  in  New 
York.  The  address  of  the  evening  was  delivered  by  Park  Ben- 
jamin, on  the  Story  of  the  Beginning  of  the  Science  of  Elec- 
tricity. He  traced  the  growth  of  the  science  from  its  first  men- 
tion in  literature,  in  1490,  to  the  present  time.  The  lecture 
was  illustrated  with  lantern  slides.  Nearly  150  members  were 
present.  After  the  lecture  supper  was  served  in  the  large 
dining-room. 


American  Society  of  Civil  Engineers.- Aregularrr.eeting 
of  the  Society  was  held  May  6,  President  Octave  Chanute  oc- 
cupying the  chair.  After  the  transaction  of  routine  business, 
the  Secretary  read  a  paper  by  Julien  A.  Hall,  on  Right  of  Way 
for  Railroads,  which  was  discussed  by  R.  L.  Harris,  P.  F. 
Brendlinger.  C.  J.  Bates,  E.  P.  North,  C.  B.  Brush,  J.  F.  Cro- 
well,  C.  E.  Emery,  and  others.  The  following  candidates  were 
announced  elected  : 

Members  :  William  Albert  Allen,  Portland,  Me.;  Edward 
Burr,  Cascade  Locks,  Ore.;  George  Dowman  F'itz  Hugh,  Bir- 
mingham, Ala.;  Charles  Webster  Gay,  Lynn,  Mass.;  Robert 
Giles,  Topeka,  Kan.;  Howard  Hill  Jackman,  Wichita,  Kan  ; 
Andrew  Dempster  Whitton,  Philadelphia. 

Associate  Members  :  Frederik  Christian  Holberg  Arentz,  St. 
Louis,  Mo.;  William  Ashburner  Cattell,  Long  Island  City, 
N.  Y.;  Harry  Frease,  Cleveland,  O.;  Thomas  Henry  Grant,  Red 
Bank,  N.  J.;  William  Dean  Janney,  Ceredo,  W.  Va.;  Richard 
Lamb,  Norfolk,  Va.:  Frederick  Morley,  Ann  Arbor,  Mich.; 
Theodore  Slarrett,  Chicago.  III.;  Edmund  Coffin  Stout,  New 
York;  George  Copeland  Urquhart,  Steubenville.  O. ;  Sig- 
mund  von  Gemmingen,  Richmond,  Va. ;  Edwin  Hall  Warner, 
Seattle,  Wash. 

The  Secretary  also  announced  the  election  of  the  following 
candidates  by  the  Board  of  Direction  : 

Associate  :  Harry  Comer. 

yuniors  :  James  Berrall,  Edward  Thomas  McConnell,  James 
C.  McGuire,  William  C.  Tucker,  Frank  Walker  Wilson. 


NoTiCKS  are  given  that  the  annual  Convention  will  be  held  at 
Lookqut  Mountain,  Tenn.,  beginning  May  21.  On  that  day 
there  will  be  morning  and  afternoon  sessions,  at  which  there 
will  be  short  addresses  having  special  reference  to  the  topog- 
raphy and  industries  of  ihat  region. 

On  the  second  day,  Friday,  May  22,  the  business  meeting 
will  be  held,  and  in  the  evening  President  Chanute  will  deliver 
his  annual  address.  On  Saturday,  May  23,  the  day  will  be 
devoted  to  an  excursion  by  steamer  down  the  Tennessee  River 
and  return  ;  in  the  evening  the  annual  banquet  will  be  held. 

On  Monday,  April  25,  there  will  be  two  sessions,  and  prob- 
ably an  adjournment.  After  the  Convention  there  will  be 
opportunity  for  those  members  who  desire  it  to  accept  the  in- 
vitations which  have  been  received  to  visit  Nashville,  Birming- 
ham and  other  points. 

A  number  of  papers  have  been  received,  and  are  ready  for 
distribution  to  those  who  attend  the  Convention, 
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Engineers*  Club  of  Philadelphia. — At  the  regolar  meeting, 
April  18,  it  was  ordered  that  the  Directors  be  authorized  to 
have  the  Club  incorporated. 

The  tellers  reported  the  foUowinj?  elections  :  Active  Mem- 
h-rs  :  J.  Clarence  Ogden,  John  S.  DeHart,  Jr.,  Charles  B.  Colby, 
C.  Louis  E.  Amet,  Hermann  S.  Hering,  Albert  R.  Cline, 
J.  Adelbert  Patton,  William  H.  Boardmin.and  Fred  C.  Dunlap. 

Associate  Member  :  David  S.  B.  Chew. 

Mr.  Trautwine  presented  for  Captain  S.  C.  McCorkle  an 
illustrated  paper  on  Land-Locked  Navigation  from  Long  Island 
Sound  to  the  Mississippi.  The  Author  stated  that  he  had 
simply  given  that  portion  of  the  route  with  which  he  is  most 
familiar,  leaving  the  distance  from  Long  Island  Sound  to  the 
St.  John's  and  St.  Mary's  Rivers  to  others. 

The  portion  of  the  route  referred  to  between  West  Florida 
and  Louisiana  has  for  its  initial  point  the  Suwanee  River. 
The  exact  point  of  departure  depends  upon  the  location  of  the 
Florida  Ship  Canal. 

It  is  variously  estimated  that  the  distance  from  the  Suwanee 
River  to  St.  Mark's  is  from  70  to  go  miles,  the  former  referring 
to  a  direct  cut  and  the  latter  to  a  dredged  line. 

From  St.  Mark's  to  the  Mississippi  there  is  a  water  line 
nearly  all  the  way,  but  requiring  improvement. 

The  Oclockony  and  Crooked  Rivers  require  straightening 
and  the  removal  of  sundry  bars,  which  is  not  supposed  to  be 
dilBcuIt,  and  entirely  practicable.  In  St.  George's  Sound, 
near  Apalachicola,  an  oyster  bar  needs  to  be  removed,  and 
then  the  Apalachicola  River  is  reached  with  12  ft.  of  water  on 
the  bar. 

The  distance  from  St.  Mark's,  Fla.,  to  Apalachicola,  Fla. ,  by 
the  coast  line,  is  about  61  miles — by  the  Oclockony  and  Crooked 
Rivers,  .about  10  miles  longer. 

From  the  Apalachicola  River  to  the  Mississippi  the  distance 
is  about  400  miles,  and  it  will  require  about  30  miles,  possibly 
less,  of  canaling  to  make  land-locked  connection  between  the 
two  rivers. 

No  attempt  has  been  made  to  solve  engineering  difficulties 
or  to  make  estimates — the  route  is  given  and  the  data  furnished 
for  some  ambitious  engineer  to  give  to  the  country  one  of  its 
most  important  means  of  coast  defense,  and  to  add  to  the 
commercial  facilities  of  the  whole  country.  Estimated  total 
distance  from  the  Suwanee  to  the  Mississippi,  500  miles. 

Estimated  depth  of  water  en  route,  9  to  12  ft.  at  mean  low 
water. 

At  the  regular  meeting,  May  2,  the  Secretary  presented,  for 
Mr.  George  R.  Ide,  a  paper  descriptive  of  the  Judson  Pneumatic 
System  for  Street  Railroads  as  constructed  and  operated  at 
Washington,  D.  C.  This  system  comprises  connected,  rotating 
cylinders  lying  below  and  between  the  rails  of  the  track,  and  in 
line  therewith,  which  cylinders  are  operated  by  compressed-air 
engines  placed  at  intervals  along  the  line.  The  cylinders  are 
mounted  in  bearings  in  a  conduit,  and  are  engaged  or  clasped 
by  a  gripping  mechanism  suspended  from  the  bottom  of  the  car. 
The  grip  comprises  two  pairs  of  disks  mounted  so  as  to  have 
their  axes  turned  in  an  approximately  horizontal  plane  to  any 
desired  angle  with  the  axis  of  the  underlying  cylinder.  When 
the  axes  of  the  disks  are  parallel  with  the  cylinder  axis  the  car 
will  remain  stationary,  but  when  turned  to  any  proper  angle 
therewith  the  car  will  be  moved.  The  velocity  with  which  the 
car  is  moved  depends  upon  the  angle  of  inclination  of  the  disk 
axes  to  the  cylinder  axis,  the  speed  of  the  cylinder  remaining 
constant.  The  speed  of  the  car  increases  with  the  angle  up  to 
about  60".  With  the  cylinder  in  the  same  direction  the  car 
can  be  run  forward,  stopped  or  reversed  by  the  mere  change  in 
the  inclination  of  the  disk  axes,  which  inclination  is  under  the 
control  of  the  driver  upon  the  car  platform. 


Civil  Engineers'  Club  of  Cleveland. — A  regular  meeting 
was  held  May  12,  President  Gobeille  in  the  ch*ir.  Mr.  John 
B.  Wed  Jell  was  elected  corresponding  member.  A  vote  of 
thanks  was  extended  to  Mr.  Au<.  M  irdecai  for  his  donation  to 
the  Club  of  a  crayon  portrait  of  Mr.  Charles  Latimer,  now  de- 
ceased, former  President  of  the  Club.  The  Executive  Board 
was  instructed  to  incorporate  the  Club  under  the  laws  of  Ohio. 

The  President  appointed  Mr.  William  T.  Blunt  as  member 
of  the  Permanent  Committee  on  International  Engineering 
Congress  and  Engineering  Headquarters  in  connection  with 
Columbian  Exposition  of  1893. 

Mr.  James  Ritchie  read  the  paper  of  the  evening,  entitled  Re- 
cent Advancement  in  Electric  Engineering,  describing  some  of 
the  more  remarkable  discoveries,  inventions,  and  improvements 
that  have  been  made  in  this  branch  of  engineering.  This  was 
followed  by  a  discussion  in  which  a  number  of  members  partici- 


pated, and  the  new  uses  to  which  electricity  has  been  put  were 
described,  as  well  as  many  other  uses  to  which  it  may  be  put, 
but  which  are  waiting  for  the  necessary  improvements  of  the 
electrical  engineer  before  it  can  be  done. 


Engineers'  Society  of  Western  Pennsylvania.— At  the  reg- 
ular meeting,  in  PittsL)urgh,  April  21,  J.  J.  Thoresen,  Samuel 
Foster.  C.  B.  Connelly,  and  J.  Atwood  were  elected  members. 

Mr.  Daniel  Stienmetz  described  the  working  of  the  Fales 
grate  ;  Mr.  John  A.  lirashear  exhibited  some  samples  of  steel 
castings  made  by  the  Chester  Steel  Casting  Company  and  by 
the  Reliance  Company  of  Pittsburgh. 

Mr.  Phineas  Barnes  then  read  a  paper  on  Co-operation  in 
Machine  Design,  which  was  discussed  by  members  present. 


Engineers'  Club  of  Cincinnati. — The  regular  meeting  was 
held  April  16,  with  28  members  and  several  visitors  present. 
Four  applications  for  membership  were  received. 

The  following  question  received  considerable  attention  from 
various  members  :  "  On  reasonably  firm  sub-soil,  which  form 
of  curb  is  to  be  preferred  in  street  construction  ;  5  in,  X  14  in. 
curb  on  6  in.  concrete  with  concrete  backing  to  within  5  in.  of 
the  top,  or  5  in.  X  21  in.  curb  on  clay  or  2  in.  gravel  with  earth 
backing,  difference  in  cost  being  10  per  cent,  in  favor  of  the 
shallow  curb  ?  ' 

Mr.  A.  Petry  read  a  paper  giving  a  description  of  the  appara- 
tus used  and  the  manner  of  measuring  the  quantity  of  water  de- 
livered to  the  reservoirs  by  the  pumping  engines  forming  a  part 
of  the  new  water-works  plant  being  erected  by  the  city  of  Cov- 
ington. 

Engineering  Association  of  the  South. — The  regular 
monthly  meeting  was  held  in  Nashville,  Tenn.,  April  9.  The 
death  of  Mr.  H.  S.  Butler,  of  Anniston,  was  announced,  and  a 
committee  was  appointed  to  prepare  a  memorial.  The  memo- 
rial on  the  life  of  the  late  Mr.  E.  Pardon  was  submitted  and  ap- 
proved. Mr.  W.  W.  Perry,  of  Nashville,  was  elected  a  mem- 
ber. 

Resolutions  were  adopted  in  relation  to  the  meeting  of  the 
American  Society  at  Lookout  Mountain  in  May. 

Major  W.  F.  Foster,  of  Nashville,  read  a  paper  on  the  En- 
gineering Profession,  treating  the  subject  under  three  heads  : 
The  relation  of  engineers  to  one  another  ;  their  relation  to  their 
clients,  and  their  relations  to  the  general  public.  He  advocated 
greater  interest  in  the  welfare  and  advancement  of  young  en- 
gineers, and  a  spirit  of  mutual  aid  and  good  faith  rather  than 
of  reserve  and  criticism.  He  also  dwelt  on  the  important  office 
of  engineers  as  arbitrators  between  their  clients  and  contractors. 


NOTES  AND  NEWS. 


The  Rose  Polytechnic  Institute. — This  well-known  school 
is  one  of  those  which  is  especially  devoted  to  the  education  of 
civil  and  mechanical  engineers.  One  of  the  peculiar  features  of 
the  Institute  is  the  thorough  and  extensive  shop  practice  of  the 
students  in  mechanical  engineering.  Not  only  are  machines 
designed  and  working  drawings  made,  but  actual  construction 
is  required  and  is  made  possible  in  extensive  workshops,  the 
equipment  of  which  has  cost  over  $40,0(X).  H.  T  .  Eddy,  the 
new  President,  is  well  known  as  the  Dean  of  the  Faculty  of  the 
University  of  Cincinnati,  and  a  great  educator  and  organizer. 

Nicaragua  Canal.— At  the  annual  meeting  of  the  Maritime 
Canal  Company,  of  Nicaragua,  in  New  York,  May  7,  Henry 
E.  Howland  was  elected  a  Director  in  place  of  the  late  Fred- 
erick Billings.  A.  B.  Darling,  Charles  C.  Glover,  of  Washing- 
ton, Franklin  Fairbanks.  C.  Ridgely  Goodwin,  and  Alexander 
T.  Mason  were  chosen  Directors  for  three  years.  All  of  them 
were  re-elected  except  Mr.  Glover,  who  succeeds  Francis  A. 
Stout,  resigned. 

The  officers  of  the  company  chosen  were  :  President,  Hiram 
Hitchcock  ;  Vice-President,  Charles  P.  Daly  ;  Secretary  and 
Treasurer,  Thomas  B.  Atkins  ;  Chairman  of  the  Executive 
Committee,  James  Roosevelt.  The  last-named  gentleman  suc- 
ceeds Mr.  Billings. 

President  Hitchcock's  report  showed  that  since  December  i, 
1S90,  much  additional  work  had  been  done.  The  total  length  of 
breakwater  built  now  exceeds  1,000  ft.,  and  the  channel  dredged 
across  the  Greytown  bar  is  over  150  ft.  in  width.  The  canal's 
right  of  way  for  purposes  of  immediate  excavation  has  been 
marked  out  for  11  miles  southwest  of  Grevtown,  with  a  width  of 
4S6  ft. 

The  work  of  excavating  the  artificial  canal  proper  was  actually 
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begun  on  January  i,  1891,  and  since  then  the  dredgers  have  ad- 
vanced about  1,300  ft.  from  the  lagoon,  making  a  channel  150 
ft.  wide  and  20  ft.  deep.  This  work  is  being  done  with  dredges 
purchased  last  summer. 

This  is  a  distinct  organization  from  the  Construction  Com- 
pany, of  which  Hon.  Warner  Miller  is  President,  but  practically 
both  companies  are  united. 

A  Steam  Carriage. — The  accompanying  illustration,  from 
the  Revue  Industnelle,  shows  a  steam  carriage  invented  and 
built  in  France  by  M.  Serpollet,  for  use  on  common  roads.  It 
is  a  revival  of  an  old  idea,  which  has  been  attractive  to  many 
inventors.  As  will  be  seen,  there  is  an  upright  tubular  boiler 
and  a  small  high-speed  engine  carried  on  the  rear  axle,  the 
driving-shaft  and  the  axle  being  connected  by  gearing  and  a 
chain.  The  front  axle  carries  the  steering  gear.  The  smoke- 
stack is  so  arranged  as  to  throw  the  smoke,  etc.,  out  at  the 
back  of  the  carriage.  The  cylinder  of  the  engine  is  5  in.  in 
diameter  and  5  in.  stroke,  and  is  arranged  to  cut  off  at  55  per 
cent,  of  the  stroke. 

In  a  recent  trial  trip  of  two  hours  the  engine  developed  5.3 
H.P.  indicated,  making  an  average  of  257  revolutions  per  min- 
ute. In  that  time  the  weight  of  water  vaporized  in  the  boiler 
was  267  lbs.,  with  a  consumption  of  46  lbs.  of  coal. 

The  carriage  shown  has  tanks  and  fuel  boxes  under  the  seat  ; 
they  will  carry  coal  enough  to  run  36  miles  and   water  for   i8 


miles.  Ready  for  work  the  carriage  weighs  2,755  Jbs. ;  it  has 
carried  seven  passengers,  has  attained  a  speed  of  12.V  miles  an 
hour,  and  has  ascended  a  grade  of  8  per  cent.  The  longest  run 
yet  made  has  been  from  Paris  to  Douai,  143  miles,  over  a  very 
good  road,  with  sharp  grades  at  several  points. 

Lighting  the  Harlem  Tunnel. — The  Electrical  Engineer 
says  :  "  The  New  York  Central  Railroad  has  begun  experi- 
ments with  a  view  t6  lighting  the  tunnel. 

"  The  west-side  rock-cut  tunnel,  through  which  its  north- 
bound local  trains  run,  has  been  lighted  with  incandescent  elec- 
tric lamps  of  about  40  c.p.,  { laced  alternately  on  either  side  of 
the  track,  about  125  ft.  apart. 

"  Reflectors  placed  on  the  south  side  of  the  lamps  prevent  the 
glare  of  light  from  reaching  the  eyes  of  the  engineer  or  fireman 
of  approaching  trains,  and  throw  the  light  forward  on  the  track. 

"  The  lamps  are  placed  3I  ft.  above  the  rails,  and  their  light 
should  not  interfere  in  any  way  with  the  signal  lamps,  which 
are  placed  much  higher. 

"  It  has  been  alleged,  and  denied,  that  the  New  York  Central 
officials  have  tampered  with  the  arrangements  so  as  to  make  it 
appear  that  the  lighting  did  more  harm  than  good  by  blinding 
the  engineers.  There  is  not  the  slightest  reason  why  these 
small  incandescent  lights,  properly  placed,  should  have  the 
effect  of  blurring  or  rendering  useless  signal  lights." 

Periodicals  of  the  World.— The  Revue  Scientifque  (Paris) 
estimates  that  41,000  periodicals  are  now  published  in  the 
world.  Of  these  24,000  are  published  in  Europe,  the  leading 
countries  as  to  number  being  Germany  with  5,500  ;  England 


and  France,  each  4,100  ;  Austria-Hungary,  3,500  ;  Italy.  1,400  ; 
Spain,  850  ;  Russia,  800,  and  Switzerland,  450  ;  the  remaining 
3,300  being  divided  among  Sweden  and  Norway,  Denmark, 
Portugal,  Greece,  the  Balkan  kingdoms,  and  Turkey. 

The  United  States  has  12,500;  Canada,  700;  Mexico  and 
Central  America,  600.  The  South  American  republics  count 
up  about  2,000  in  all. 

Japan  claims  200  of  the  300  periodicals  credited  to  Asia.  It 
seems,  however,  that  this  must  be  an  underestimate,  for  there 
are  many  more  than  100  periodicals  published  in  British  India, 
though  the  number  in  other  Asiatic  countries  is  very  small. 
Africa  has  200  journals,  the  greater  number  appearing  in  the 
British  colonies  in  South  Africa,  and  in  Algeria.  Australia 
has  700,  and  there  are  a  few  published  in  the  Pacific  islands, 
Hawaii  having  3  of  them. 

As  to  language,  English  has  a  decided  lead,  no  less  than 
19,000  journals  appearing  in  that  language.  German  comes 
next  with  7,500,  and  French  third  with  6,800.  There  are  1,800 
in  Spanish  and  1.400  in  Italian. 

"Of  making  of  many  books  there  is  no  end."  The  Wise 
King  would  have  some  reason  for  his  complaint  had  he  lived 
to  this  day. 

Toughening  Cast-iron. — The  Manchester  correspondent  of 
the  Engineer  describes  a  very  simple  method  of  toughening 
cast-iron,    recently   introduced  by   Mr.   A.   Jepson,  of  Arcade 

Chambers,  Manchester,  and 
which  was.  in  the  first  place, 
designed  chiefly  for  the  bot- 
tom and  side  plates  of  or- 
dinary ovens ;  it  has  since 
been  further  developed  for 
application  to  a  variety  of 
other  purposes,  and  some 
brief  notice  of  the  invention 
will  be  of  interest.  The 
foundation  of  the  patent  is 
that  with  certain  proportions 
of  thickness  of  wrought  iron 
to  certain  proportions  of 
thickness  to  cast-iron  a  com- 
plete fusion  or  amalgamation 
of  the  metal  takes  place 
without  altering  the  con- 
sistency of  the  wrought  iron 
and  without  chilling  the  cast- 
iron,  and  the  process  is  ap- 
plicable to  almost  all  cast- 
iron  in  which  lightness  and 
special  strength  are  required. 
For  instance,  a  piece  of  cast- 
iron  \  in.  thick,  with  a  core 
of  27'  wire  gauge  wrought 
iron  perforated  sheet  placed 
in  the  center,  is  increased  in 
strength  six  times,  and  the 
plate  is  equal  to  cast-iron  of 
fully  an  inch  in  thickness. 
Recently  the  process  has  been  applied  to  the  casting  of  large 
drain  pipes  to  which  great  da.Tjage  is  frequently  done  in  tran- 
sit. By  inserting  a  core  of  thin  wrought  iron  into  the  cast- 
ings of  these  pipes,  they  have  been  so  strengthened  that 
the  liability  to  fracture  in  carriage  has  been  reduced  to  a 
minimum.  Another  application  of  the  process  is  for  toughen- 
ing the  ash  plates  in  front  of  boilers  on  board  ship  ;  these  plates 
frequently  getting  nearly  red  hot,  are  consequently  subject  to 
fracture  upon  coming  in  contact  with  water  ;  but  by  the  adop- 
tion of  Mr.  Jepson's  toughening  process  this  danger  has  been 
entirely  overcome.  In  the  manufacture  of  o^en  plates  it  has 
been  found  that  a  thin  sheet  of  wrought  iron  of  27  wire 
gauge  put  inside  a  \  in.  plate  so  toughens  the  iron  as  to  render 
the  plate  practically  unbreakable  by  fire.  The  process  has  also 
been  applied  to  the  manufacture  of  the  bottom  plate  in  hydraulic 
presses,  where  the  severe  strain  frequently  causes  these  plates 
to  snap  in  two.  The  process  of  manufacture  of  such  plates  is 
to  place  two  cores  of  24  wire  gauge  sheets  every  2  in.  apart 
through  a  6  in.  plate,  thus  forming  five  layers,  and  the  addi- 
tional strength  thus  secured  is  sufficient  to  render  the  press 
bottom  unbreakable.  The  thin  sheets  used  for  inserting  in  the 
castings  are.  it  is  added,  very  fine  steel  or  wrought  iron  with  a 
thin  coating  of  tin  ;  and  as  these  can  be  blocked  into  any  shape, 
they  can  be  readily  covered  by  the  metal  in  almost  every  form 
of  ordinary  casting. 

Submarine  Cannon. — The  Turin  Gazette  describes  some 
experiments  made  in  the  Lake  of  Como  with  a  submarine 
cannon,  invented  by  a  son  of  the  engineer  Toselli.     The  gun 
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was  discharged  at  a  depth  of  100  meters,  and  the  shell  passed 
through  an  equal  thickness  of  water  in  10  seconds.  The  ad- 
vantage consists  in  the  gun  being  invisible  to  an  enemy  ;  and 
the  object  is,  not  to  pierce  an  ironclad  as  a  torpedo  does,  but 
to  sink  the  hostile  vessel,  owing  to  the  commotion  produced 
by  the  explosion.  A  larger  cannon  is  being  constructed,  under 
the  inventor's  direction,  to  be  tested  at  Spezzia  in  the  presence 
of  naval  and  military  authorities. 

The  Cost  of  British  Drink.— The  English  Mechanic  says  : 
"  It  is  appalling  to  find  that  the  Drink  Bill  of  1890  amounts  to 
Xi39,495.470— an  increase  of  £7,282,194  over  the  sum  of  the 
previous  year,  all  common  sense  and  medical  science  notwith- 
standing. It  is  not  our  business,  says  the  Lancet,  to  moralize 
on  this  expenditure.  To  us 
it  means  so  much  cirrhosis, 
Bright' s  disease,  gout,  rheu- 
matism, insanity,  etc.,  dis- 
abling employment,  taking 
the  pleasure  out  of  the  lives 
of  families,  and  bread  out  of 
the  mouths  of  children.  The 
Drink  Bill  for  last  year  is 
larger  than  for  any  year  but 
that  of  1878,  when  it  was 
more  than  142  millions  of 
pounds." 

Rare  Metals. — Some  rare 
metals,  possessing  special 
qualities,  are  required  for 
certain  work.  Thus  palladi- 
um is  used  in  making  some 
parts  of  timepieces,  and  irid- 
ium for  the  points  of  gold 
pens,  and  the  uninitiated 
have  no  idea  of  the  value  of 
such  scarce  products.  Va- 
nadium costs,  for  instance, 
123  900  f.  per  kilogramme  ; 
zeconium,  79,295  f. ,  and 
lithium,  which  is  the  lightest 
of  metals,  77,090  f.  per  kilo- 
gramme. Rhodium,  which 
is  extremely  hard  and  brittle, 
and  is  only  fusible  at  a  very 
high  temperature,  fetches 
25,330  f.;  and  iridium,  the 
heaviest  substance  hitherto 
discovered,  costs  12,005  ^• 
per  kilogramme.  It  will 
therefore  be  seen  that  gold 
and  silver  are  far  from  being 
the  most  precious  metals  as 
far  as  their  market  value  is 
concerned.  The  cost  of  the 
most  expensive  metal,  va- 
nadium, is  equal  to  $6,256  per 
pound  ;  but  the  purchaser 
of  a  pound  would  probably 
"  corner"  the  market. 

Panama  Canal.  —  It  is 
stated  in  the  Engineer  that 
the  latest  scheme  for  the  com- 
pletion of  the  Panama  Canal 
is  the  project  of  M.  Amedue 
Scbillot,  who  proposes  by 
means  of  a  ship  railroad  to 
connect  the  two  unfinished 
portions  of  the  canal.  The 
works  would  be  completed  in 
three  years,  and  would  cost 

•t50,ooo,ooo.  The  locomotive  is  a  novelty  as  regards  design 
and  construction.  It  is  in  the  form  of  a  ship's  cradle,  and  the 
mechanism  for  propulsion  is  contained  in  the  hollow  interior. 
The  cradle  sinks  under  the  vessel,  draws  it  out  of  the  water, 
makes  the  journey  overland  in  two  hours,  and  floats  the  ship 
in  the  other  section  of  the  canal  without  any  further  manoeuver- 
ing.  It  is  stated  that  the  possibility  of  the  scheme  has  been 
reported  on  by  the  Cail  Company,  who,  in  the  event  of  the 
project  being  financed,  would  naturally  have  the  contract  for 
the  iron  and  engineering  work. 

Fifty-three  Hours  for  a  Week's  Work.— The  Amalga- 
mated Society  of  Engineers  and  other  allied  organizations  have 
petitioned  for  a  reduction  of  the  hours  of  labor  from  54  to  53 
per  week.     They  also  ask  for  a  uniform  system  of  commencing 


and  closing  the  week's  work,  namely,  to  start  at  g  o'clock  on 
Monday  morning,  work  until  5.30  in  the  evening,  and  from 
6  o'clock  in  the  morning  to  5.30  in  the  evening  on  Tuesday, 
Wednesday,  Thursday,  and  Friday,  and  on  Saturday  from 
6  o'clock  in  the  morning  until  12  o'clock  at  noon,  thus  com- 
pleting the  53  hours. 

[If  these  hours  are  compared  with  those  which  mechanics 
are  commonly  required  to  work  in  this  country,  it  will  be  seen 
that  they  are  not  very  much  better  oflf  than  the  down-trodden 
workman  of  Great  Britain,  the  McKinley  Bill  to  the  contrary 
notwithstanding. — Editor.] 

A  Russian  Captive  Balloon. — The  accompanying  illustra- 
tion, which  has  been  sent  us  by  a  Russian  correspondent,  shows 


an  experimental  "  elevator"  for  purposes  of  observation,  which 
has  been  built  for  the  Russian  Government  at  the  Fortress  of 
Warsaw,  in  Poland.  The  ^hief  dimensions  are  :  Height,  84 
ft.;  diameter  of  cylindrical  portion,  70  ft.;  diameter  of  lower 
tapering  portion  varying  from  70  to  31^  ft.  The  capacity  is 
24,000  chctwert,  and  to  fill  it  with  gas  requires  100  hours.  The 
cost  of  the  machine  was  80,000  roubles  or  about  $36,000.  The 
iron  work  was  made  in  St.  Petersburg,  and  put  together  upon 
the  ground.  The  machinery  in  the  upper  portion  is  driven  by 
a  gas-engine  of  12  H.P.,  which  also  runs  the  dynamo  for  the 
electric  lighting.  This  engine  was  built  at  Warsaw.  The 
arrrangement  is  not  very  clearly  explained,  but  apparently  the 
intention  is  that  the  upper  part  should  rise,  being  retained  or 
held  down  to  the  earth  by  the  framework  surrounding  the  gas- 
holder. 
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The  Dalmarnock  Bridge,— The  accompartying  illustration, 
from  Industries,  shows  the  new  Dalmarnock  Bridge  over  the 
Clyde  near  Glasgow,  recently  completed.  It  consists  of  five 
spans,  each  54  ft.  S  in.  in  length  ;  the  roadway  is  32  ft.  wide, 
and  there  are  two  sidewalks,  each  9  it.  wide.  The  superstruc- 
ture consists  of  five  parallel  web-gitders,  3  ft.  6  in.  deep,  car- 
rying a  floor  of  stef  1  buckle-plales,  which  are  covered  with  con- 
crete, on  top  of  which  are  the  pavement  for  the  roadway  .md 
sidewalks.     The  parapet  is  of  cast  iron. 

The  substructure  consists  of  two  abutments  and  four  pers. 
The  bed  of  the  Clyde  at  this  point  is  composed  of  muddy  clay 


box  lowered  on  it  and  filled.  The  pressure  is  then  turned  on 
beneath  the  rams,  and  the  boxes  are  pressed  up  against  the 
entablature,  which  thoroughly  rams  the  sand.  On  removing 
the  pressure  the  bottom  box  and  pattern  plate  descend  with  the 
rams,  ih^  former  to  the  bottom  of  the  machine,  but  the  pattern 
plate  is  arrested  by  a  stop  midway  between  the  boxes,  and  can 
then  be  swung  out  of  position.  The  upper  box  is  then  lowered 
down  to  the  bottom  one  again,  and  the  sand  forced  out  of  the 
boxes  as  one  mass  by  the  inner  hydraulic  ram.  The  system  is 
specially  valuable  for  repetition  work,  as  one  man  and  a  boy 
can,  it  is  said,  turn  out  1,000  boxes  per  day." 
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and  fine  running  sand  overlying  sandstone  rock.  In  each  case 
the  foundation  is  formed  on  the  rock,  duly  leveled  and  benched, 
the  greatest  depth  attained  being  56  ft.  below  river-bed.  The 
piers  were  founded  by  means  of  caissons  and  compressed 
air.  The  caissons  are  rectangular  in  plan,  with  rounded  ends, 
being  63  ft.  over  all  by  9  ft.  at  the  bottom,  and  62  ft.  3  in.  by  8 
ft.  3  in.  at  the  top.  The  piers,  which  are  62  ft.  3  in.  over  all, 
by  7  ft.  6  in.  at  cut- water  level,  and  53  ft.  by  6  ft.  above,  are 
solid  ashlar,  and  terminate  in  handsome  moulded  caps  with 
fine  red  granite  columns.  The  abutments  call  for  no  special 
remark,  nor  has  their  construction  entailed  any  work  of  excep- 
tional difficulty.  The  wing  walls  are  curved,  and  handsome 
granite  columns  and  moulded  capping  stones  are  in'  keeping 
with  the  rest  of  the  structure. 

Sand-Moulding  Machine. — Etigineeritv:;,  in  a  recent  issue, 
describes  as  follows  Leeder's  machine,  which  is  now  manufac- 
tured by  the  Patent  Sand- Moulding  Machine  Company  near 
Glasgow  :  "These  moulding  machines  were  first  used  in  the 
Singer  Manufacturing  Company's  Works.  Kilbirnie,  of  which 
Mr.  Leeder  is  manager,  and  proved  a  great  success.  The 
machine  dispenses  entirely  with  skilled  labor,  while  the  output 
i%  at  the  same  time  increased  five  or  six  times.  The  pattern  is 
formed  on  the  top  and  bottom  sides  of  a  parting  plate,  which  is 
placed  in  position  between  the  top  and  bottom  moulding-boxes, 
which  are  then   pressed   together  by  hydraulic  rams.     These 


The  Suez  Canal. — Suez  Canal  statistics  are  always  interest- 
ing reading,  and  the  report  for  1S90  affords  proof  of  the  steady 
progress  of  the  world's  commerce.  Last  year  3,389  vessels 
passed  through  the  Suez  Canal  ;  this  is  36  fewer  than  in  1889,  but 
the  total  tonnage  for  l890.was  6,890,014,  or  106,676  tons  in  ex- 
cess of  1SS9.  The  number  of  British  vessels  using  the  Canal 
last  year  was  2.522,  or  nearly  75  per  cent,  of  the  whole  num- 
ber. Next  to  Great  Britain  comes  Germany  with  275  vessels  ; 
France  had  171,  and  Holland  144.  Progress  has  been  made  in 
the  time  of  transit  through  the  Canal,  the  average  time  being, 
24  hours  6  minutes,  or  i  hour  44  minutes  less  than  in  1889.' 
The  use  of  the  electric  light  has  increased  the  facilities  for  ves- 
sels passing  through  the  Canal,  the  journey  by  night  being  ac- 
complished on  the  average  in  22  hours  9  minutes,  which  is  21 
minutes  less  than  the  average  for  1SS9.  It  is  now  four  years 
since  the  electric  light  was  used,  and  the  progress  has  been  very 
great.  In  1887  only  395  vessels  employed  the  light,  while  last 
year  2,836  vessels  used  it.  Most  of  the  vessels  obtain  the  ap- 
paratus from  agents  at  Suez  or  Port  'Said,  the  light  being  sup- 
plied at  a  uniform  rate  of  .€ro  for  the  transit.  It  is  also  to  be 
noted  that  very  few  casualties  took  place  during  the  year,  and 
none  of  any  importance, — Nautical  Magazine. 

A  Lake  Passenger  Steamer. — The  accompanying  illustra- 
tion, from  the  Cleveland  Afarine  Review^  shows  the  steamer 
Virginia,  recently  built  by  the  Globe  Iron  Works  at  Cleveland 
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ranr.s  are  fitted  in  a  cylinder  constructed  in  the  baseplate  of  the 
machine,  one  ram  fitting  inside  the  other,  and  they  can  be 
worked  either  together  or  separately.  The  lower  box  is  carried 
by  the  outer  of  these  rams,  while  a  plate  fastened  to  the  inner 
ram  serves  as  a  support  for  the  sand  with  which  it  is  filled,  and 
this  sand  can  be  ejected  as  one  mass  from  the  box  by  admitting 
water  to  the  ram.  Both  the  upper  and  lower  boxes  are  guided 
bv  two  cylindrical  rods  connecting  the  baseplate  of  the  machine 
with  a  top  plate  or  entablature  above,  which  serves  as  a  support 
for  the  upper  core  box  when  the  pressure  is  turned  on  below 
the  rams,  A  second  rod  between  the  baseplate  to  the  entabla- 
ture carries  the  parting  pattern  plate,  and  allows  it  to  be  swung 
clear  of  the  machine,  when  the  moulds  are  to  be  removed.  In 
working  the  machine  the  bottom  mould  is  first  filled  with  sand  ; 
the  pattern  plate  is  then  swung  into  position,  and  the  upper 


for  the  Goodrich  Transportation  Company,  to  be  used  as  a  pas- 
senger boat  on  the  line  between  Chicago,  Racine  and  Mil- 
waukee. The  boat  is  fitted  up  in  very  handsome  style,  has  ac- 
commodations for  a  large  number  of  passengers,  and  is  lighted 
throughout  with  electric  lights. 

The  Viri:;iuia  is  278  ft.  long  over  all.  260  ft.  keel,  38  ft. 
beam,  and  25  ft.  deep.  She  is  propelled  by  twin-screws  ;  each 
screw  is  driven  by  an  inverted,  direct-acting  triple-expansion 
engine,  with  cylinders  20  in.,  32  in.,  and  52  in.  in  diameter  and 
36  in.  stroke.  Steam  is  furnished  by  two  double-ended  boilers 
13  ft.  in  diameter  and  2i  ft.  2  in.  long,  having  12  furnaces. 
The  working  pressure  will  be  160  lbs.,  and  at  130  revolutions 
per  minute  the  engines  are  expected  to  give  the  boat  a  speed 
of  18  miles  an  hour.  There  are  eight  auxiliary  engines  for  the 
pumps,  dynamos  and  steering  gear. 
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NEW  YORK,  JULY,  1891. 

On  the  recommendation  of  the  New  York  Railroad  Com- 
missioners a  new  system  of  ventilation  is  to  be  tried  in  a 
section  of  the  Fourth  Avenue  Railroad  tunnel,  about  half 
a  mile  in  length.  Briefly  described,  this  system  consists 
in  the  construction  of  a  false  roof  with  a  longitudinal  slot 
or  opening  to  admit  the  top  of  the  locomotive  stacks.  The 
smoke  and  cinders  will  thus  be  thrown  into  the  upper  part 
of  the  tunnel,  above  the  false  roof,  and  will  be  drawn  out 
by  forced  draft. 


The  Cape  Cod  Ship  Canal,  one  of  the  largest  projects  of 
the  kind  in  this  country,  has  met  with  very  varying 
fortunes.  Several  companies  have  been  formed,  and  work 
has  been  actually  begun  upon  the  canal  at  several  different 
times,  but  each  time  only  to  be  stopped  before  any  consid- 
erable amount  had  been  done.  The  last  company  came 
to  the  end  of  its  resources  some  time  ago,  and  the  Massa- 
chusetts Legislature  has  now  given  permission  to  a  new 
company  to  undertake  the  work  of  constructing  the  canal. 
The  Boston,  Cape  Cod  &  New  York  Canal  Company,  the 
new  organization,  has  made  very  fair  promises,  and  under 
the  terms  of  the  act  is  required  to  make  a  large  deposit  of 
money  before  obtaining  its  charter,  a  large  part  of  this  de- 
posit to  be  forfeited  in  case  the  canal  is  not  completed. 
The  delay  in  the  construction  of  this  work  is  not  altogether 
easy  to  understand,  as  its  benefit  to  commerce  would  be  un- 
doubted, and  there  do  not  seem  any  serious  difficulties  to 
be  overcome. 


Iron  production  for  June,  as  given  in  the  monthly  state- 
ment of  the  American  Manufacturer,  shows  a  consider- 
able increase,  the  number  of  furnaces  in  blast  June  i  being 
greater  by  16  than  on  May  i,Vhile  the  weekly  capacity 
has  increased  by  31.213  tons.  The  principal  increase  is 
in  the  bituminous  and  coke  furnaces,  but  there  are  also 
nine  more  charcoal  furnaces  than  on  May  i.  The  anthra- 
cite production  shows  practically  no  change.  The  great- 
est increase  in  production  has  been  in  the  Pittsburgh  Dis- 
trict, but  there  has  also  been  a  considerable  change  in 
Alabama,  in  Virginia,  and  in  the  Shenango  Valley. 


As  compared  with  June  i,  1890,  the  production  of  char- 
coal iron,  estimated  by  the  weekly  capacity  of  the  fur- 
naces, shows  substantially  no  change.  The  anthracite  fur- 
naces show  a  decrease  of  18  per  cent,  in  the  capacity  of 
those  in  blast,  and  the  bituminous  and  coke  furnaces  a  de- 
crease of  about  17  per  cent.  It  may  be  said,  however, 
that  the  furnaces  are  recovering  from  the  depression  which 
marked  the  early  part  of  the  year,  and  the  prospects  are  for 
a  steady  if  not  very  large  increase  during  the  last  half  of 
1891. 

Work  is  now  going  on  upon  a  line  from  Asheville  to 
Rutherfordton,  N.  C,  which  is  to  be  operated  by  electric 
motors.  The  dynamos  furnishing  the  power  will  be  run 
by  water-power,  the  stations  being  located  at  convenient 
points.  The  distance  between  the  two  places  is  about  40 
miles,  and  this  is  the  longest  electric  railroad  yet  under- 
taken. 


The  Navy  Department  has  decided  to  call  for  new  bids 
for  Torpedo  Boat  No.  2,  and  they  will  be  received  until 
August  18  next.  The  boat  will  be  of  not  over  120  tons 
displacement,  and  must  be  built  in  one  year.  The  mini- 
mum speed  is  to  be  24  knots  an  hour,  although  the  boat  may 
be  accepted  on  22  knots,  and  a  bonus  will  be  paid  for 
every  quarter  knot  attained  over  24.  Bids  may  be  made 
either  on  the  Department  plans  or  on  builders'  own  de- 
sign. 

It  is  stated  that  the  Navy  Department  is  preparing  to 
enter  into  an  extensive  course  of  experiments  with  tor- 
pedoes. A  permanent  Torpedo  Board  will  be  estab- 
lished, which  will  report  directly  to  the  Secretary,  and 
under  its  charge  tests  will  be  made  with  the  Whitehead, 
the  Howell,  the  Hall  and  other  auto-mobile  torpedoes. 
The  Gushing  will  also  be  thoroughly  tested,  with  a  view 
to  possible  improvements  in  the  design  of  later  torpedo- 
boats,  and  the  Ericsson  submarine  boat  Destroyer  will  be 
tried.  The  work  of  the  Board  will  include  means  of  de- 
fense as  well  as  of  attack,  and  devices  for  that  purpose 
will  be  given  a  trial. 

The  later  reports  received  concerning  the  sinking  of  the 
Chilian  iron-clad  Blanco-Encalada  by  totpedoes  do  not 
give  the  advocates  of  those  weapons  of  attack  very  much 
comfort.  It  appears  that  the  ship  was  anchored,  no  tor- 
pedo nets  were  in  place,  no  guns  in  readiness  for  use,  and 
no  guard  boats  stationed.  The  torpedo-boats  were  enabled 
to  approach  her  so  closely  that  voices  upon  the  de^k  could 
be  heard.  It  was  entirely  a  surprise,  and  no  time  or  oppor- 
tunity was  given  to  use  any  of  the  means  of  defense  against 
torpedo  attack,  which  are  provided  on  all  modern  cruisers. 
Four  torpedoes  were  launched  by  the  attacking  boats — 
instead  of  seven,  as  reported  in  first  accounts — and  as 
nearly  as  can  be  determined,  two  of  them  took  effect,  one 
of  the  others  being  lost  altogether,  and  one  striking  a  dock 
in  the  harbor.  It  is  believed  by  a  number  of  those  con- 
cerned that,  had  even  an  ordinary  lookout  been  kept  upon 
the  Blanco-Encalada,  she  would  have  escaped  destruction. 


The  opportunity  for  testing  one  of  our  new  cruisers  in 
actual  war  ha3  passed  by,  the  Chilian  insurgents  having 
surrendered  the  runaway  steamer  Jtata  without  a  con- 
test. Of  course  war  is  to  be  deprecated,  and  it  is  well 
that  a  fight  was  avoided,  but  while  the  public  generally 
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acknowledges  that  fact,  it  is  somewhat  in  the  position  of 
a  boy  with  a  new  knife,  and  would  not  have  been  sorry 
for  a  chance  to  see  one  of  its  new  ships  put  to  the  test,  a 
feeling  not  unnatural,  though  somewhat  illogical. 

In  the  chase  the  Charleston  proved  herself  a  good  sea 
boat  and  a  fast  steamer.  The  criticisms  made  on  her  in 
some  quarters  for  not  catching  the  Itata  are  hardly  well 
founded,  and  indeed  are  made  chiefly  by  persons  who  do 
not  realize  the  difficulty  of  finding  a  ship  which  has  the 
start  to  begin  with,  and  the  whole  Pacific  Ocean  on  which 
to  select  her  course.  The  chase  must  be  wholly  by  guess- 
work, and  the  chances  are  tremendously  against  the  pur- 
suing ship,  no  matter  how  great  an  advantage  she  may 
have  in  speed. 

'  ^The  most  important  naval  event  of  the  past  month  was 
the  letting  of  the  contract  for  Cruiser  No.  13,  which  is 
substantially  a  sister  ship  to  Cruiser  No.  12,  or  the 
"  Pirate,"  as  she  is  popularly  called.  Contrary  to  general 
expectation,  the  bid  of  the  Cramp  Company,  which  is 
building  No.  12,  was  not  the  lowest,  and  the  contract  goes 
to  the  Bath  Iron  Works.  That  concern  is  comparatively 
new,  as  far  as  the  building  of  large  steel  ships  is  con- 
cerned, but  has  already  three  naval  contracts  in  hand,  two 
of  the  smaller  cruisers  and  the  Ammen  ram.  The  Bath 
Works  have  an  excellent  plant,  and  are  said  to  be  doing 
very  good  work.  The  engines  of  the  new  ship  will  be 
built  at  the  Morgan  Works  in  New  York. 

Cruiser  No.  13  was  the  only  large  ship  authorized  this 
year.  The  only  ships  authorized  which  are  not  now 
under  contract  are  Torpedo-boat  No.  2  ;  the  torpedo 
cruiser,  for  which  no  bids  were  received  ;  Dynamite 
Cruiser  No.  2,  which  will  not  be  begun  until  some  decision 
is  reached  as  to  the  success  of  the  Vesuvius  ;  and  the 
so-called  "  Thomas  Monitor,"  which  has  been  practically 
dropped  and  will  not  be  built. 


CJ^The  first  of  the  12-in.  steel  ritled  guns  built  for  the  Army 
has  been  delivered  at  the  proving  ground  at  Sandy  Hook, 
and  the  trials  will  begin  as  soon  as  it  can  be  mounted. 
The  gun  has  been  built  at  the  Watervliet  Arsenal,  where 
several  others  of  the  same  caliber  are  now  under  construc- 
tion to  be  used  in  the  coast  defense  works,  which  will  be 
built  at  Boston  and  New  York. 

This  gun  is  a  somewhat  heavier  piece  than  the  Navy 
12  in.,  being  a  little  longer.  It  will  carry  a  projectile 
weighing  about  1,000  lbs.,  and  the  full  service  charge  will 
be  440  lbs.  of  powder.  The  initial  velocity  of  the  shot  is  ex- 
pected to  be  1,940  ft.  per  second.  It  will  be  exceeded  in 
weight  and  in  initial  velocity  by  the  new  Navy  13-in.  gun, 
but  is  the  heaviest  piece  yet  completed  for  the  Army, 
although  the  construction  of  several  16-in.  guns  will  be 
begun  as  soon  as  the  forgings  are  ready. 


RAPID  TRANSIT   IN   NEW  YORK. 


The  Rapid  Transit  Commission  which  has  been  con- 
sidering the  question  of  additional  facilities  for  passenger 
transit  in  New  York  has  made  a  preliminary  report,  giv- 
ing its  conclusions  so  far  as  the  west  side  of  the  city  is 
concerned.  Briefly  stated,  they  are  that  there  is  need  of 
a  line  which  will  in  part  parallel  the  existing  Elevated 
road,  but  will  also  extend  beyond  that  line  to  the  northern 
limit  of  the  city,  and  will  serve  a  district  which  is  now 
delayed  in  its  development  by  the  lack  of  proper  facilities 


for  reaching  it.  So  far  the  Commission  holds  only  what 
almost  every  one  in  the  city  believes  ;  but  it  has  not  gone 
as  far  as  many  citizens  wish,  and  has  approved  only  a 
single  line,  where  most  people  who  have  thought  over  the 
matter  carefully  believe  that  two  are  needed.  That  the 
Commission's  line  is  a  good  one  few  will  be  inclined  to 
dispute,  almost  the  only  question  being  whether  the  single 
route  approved  is  sufficient. 

As  to  the  kind  of  road  to  be  built,  the  report  makes  two 
radical  departures  :  the  first  in  recommending  a  deep 
tunnel  or  underground  line,  and  the  second  in  approving 
of  electricity  as  the  motive  power.  In  both  of  these  the 
members  were  doubtless  influenced  by  the  reports  of  the 
successful  working  of  the  new  City  &  South  London  line  in 
London,  an  electrical  line  wholly  underground  and  for 
most  of  its  length  from  50  to  60  ft.  below  the  surface. 

That  a  deep  tunnel  is  practicable  in  New  York,  and  at 
a  cost  upon  which  the  traffic  will  pay  interest,  may  be 
admitted  without  much  dispute.  There  may  be  some  ob- 
jection to  traveling  underground  at  first,  but  this  will 
soon  disappear  if  there  is  a  substantial  gain  in  time.  As 
to  electricity  as  a  motive  power  there  will  be  more  differ- 
ence of  opinion,  especially  when  the  particular  system  to 
be  adopted  comes  to  be  considered. 

Meantime  the  Commission's  engineers  are  making  sur- 
veys for  its  line.  When  the  matter  takes  final  shape, 
however,  legal  obstacles  are  much  more  likely  to  delay 
the  work  than  engineering  difficulties. 


THE    MASTER    MECHANICS'   CONVENTION. 


It  is  said  that  in  some  countries,  where  the  inhabitants 
make  much  pretense  of  religion,  their  prayers  are  written 
on  revolving  sign-boards  which  are  placed  by  the  road- 
side, and  that  in  order  to  save  time  in  saying  them,  the 
devotees  give  the  board  a  twirl  with  the  ejaculation  of 
Sam  Weller,  that  "them's  my  sentiments."  The  late 
meeting  of  the  Master  Mechanics  was  so  much  like  many 
which  have  preceded  it,  that  in  commenting  on  it  we  are 
tempted  to  refer  our  readers  back  to  what  has  been  writ- 
ten in  previous  years,  and  add  the  remark  that  what  was 
written  then  will  apply  to  the  meeting  which  has  just  been 
held. 

There  were  this  year  perhaps  a  few  more  of  the  same 
kinds  of  people  present  that  usually  attend  the  meetings. 
The  master  mechanic  was  there  in  force.  The  superin- 
tendent of  machinery  was  in  a  minority,  apparently  doubt- 
ful whether  it  was  not  beneath  his  dignity  to  be  present  and 
take  part  in  the  proceedings.  The  "  representative"  of 
various  manufacturing  interests  was  there  in  a  large 
majority  ;  the  wives,  the  sisters,  the  cousins,  and  the  aunts 
of  the  masculines  in  attendance  decorated  the  borders  of 
the  assemblage  as  plots  of  flowers  ornament  a  vegetable 
garden.  There  was  an  exhibition  of  a  great  variety  of  appli- 
ances, with  attendants  who  could  talk  like  water-wheels. 
The  inventor  was  there,  as  solicitous  of  his  creation  as  a 
cow  is  of  its  calf.  The  "  crank"  lingered  on  the  outskirts, 
hollow-eyed  and  anxious.  There  was  an  entertainment 
committee  with  extended  hands  for  "  assessments." 
There  were  carriages  and  flowers  for  the  ladies,  dancing 
by  night  and  music  by  day— young  ladies  and  old,  flirta- 
tious girls  and  coy  maidens,  dudes  and  hard-handed  sons 
of  toil.  The  ocean  was  there,  and  the  people  bathed  and 
fished  in  it,  and  told  fish  stories  afterward.  There  was  a 
laboratory  in  a  back  room,  where  the  law*  of  chemical 
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affinity  were  illustrated  by  inverting  a  metal  frustrum  of  a 
cone  over  a  glass  vessel  of  similar  form,  and  then  agitat- 
ing the  contents.  When  the  reaction  was  complete  the 
experiment  was  continued  by  the  audience,  who  put  them- 
selves outside  of  the  chemical  combination.  In  some 
cases  another  reaction  occurred  about  a  half  hour  after- 
ward, attended  with  more  or  less  ebullition  of  jollity. 

The  following  is  a  list  of  the  reports  which  formed  the 
programme  of  the  meetings,  with  the  committees  thereon  : 

1.  Exhaust  Pipes,  Nozzles  and  Steam  Passages.  Commit- 
tte  :  C.  F.  Thomas,  A.  W.  Gibbs,  L.  C.  Noble,  F.  C.  Smith, 
John  Y.  Smith. 

2.  Testing  Laboratories,  Chemical  and  Mechanical  Commit- 
tet :  George  Gibbs,  G.  W.  West,  L.  S.  Randolph,  D.  L.  Barnes. 

3.  Advantages  and  Disadvantages  of  Placing  the  Fire-box^ 
above  the  Frames.     Committee  :  F.  B.  Griffiths,  James  Mac- 
beth, W.  A.  Foster,  A.  G.  Leonard,  L.  F.  Lyne. 

4.  Relative  Value  of  Steel  and  Iron  Axles.  Committee  :  John 
Mackenzie,  J.  S.  Graham,  John  S.  Cook,  E.  B.  Wall,  Thomas 
Shaw. 

5.  Purification  or  Softening  of  Feed- Water.  Committee  : 
W.  T.  Small,  H.  Middleion,  A.  W.  Quackenbush,  J.  B. 
Barnes,  John  W.  Hill. 

6.  The  Present  Status  of  the  Car-Coupler  Question.  Com- 
mittee :  John  Hickey,  G.  W.  Rhodes,  Sanford  Keeler,  R.  H. 
Blackall,  M.  N.  Forney. 

7.  Examination  of  Locomotive  Engineers  and  Firemen. 
Committee:  ^.  H.  Thomas,  John  Player,  F.  D.  Casanave, 
J.  W.  Luttrell,  L.  R.  PomeToy, 

8.  Operating  Locomotives  with  Different  Crews.  Commit- 
tee :  Ross  Kells,  W.  W.  Reynolds,  W.  F.  Turreff,  C.  G.  Tur- 
ner, John  A.  Hill. 

g.  Locomotives  for  Heavy  Passenger  and  Fast  Freight  Train 
Service.  Committee  :  P.  Leeds,  James  Meehan,  E.  M.  Rob- 
erts, C.  E.  Smart,  W.  A.  Smith. 

10.  Electrical  Appliances  for  Railroad  Use.  Committee  : 
T.  W.  Gentry,  G.   B.  Hazlehurst,  Albert  Griggs,  John  Ortton. 

11.  Standards  of  the  Association.  Committee:  William 
Swanston,  William  Garstang,  C.  H.  Cory,  J.  S.  McCrum, 
Thomas  Shaw. 

13.  Air-Brake  Standards  and  Inspection  and  Care  of  Air 
Brakes.     Committee  :  R.  C.  Blackall,  G.  W.  Stevens,  D.  Clark. 

14.  On  Bringing  Conventions  Closer  Together.  Committee  : 
O.  Stewart,  Charles  Graham,  D.  Clark,  G.  W.  Stevens,  John 
Mackenzie. 

15.  Subjects  for  Investigation  and  Discussion.  Committee : 
William  H.  Lewis.  John  Wilson,  P.  H.  Peck. 

16.  Disposal  of  Boston  Fund.  Committee:  J.  N.  Lauder, 
J.  N.  Barr,  Angus  Sinclair. 

On  another  page  we  give  a  brief  report  of  the  proceed- 
ings. There  was  nothing  very  remarkable  about  them. 
The  discussions  were  generally  rather  tame,  excepting  on 
the  subject  of  compound  locomotives.  Repr«sentatives  of 
the  Baldwin  and  Schnectady  locomotive  works  presented 
the  claims  of  two  and  four-cylinder  locomotives,  but  the 
members  generally  were  rather  chary  of  expressing  opin- 
ions. Altogether,  there  is  not  much  to  say  of  the  meeting, 
excepting  that  it  was  held — in  the  usual  way.  The  attend- 
ance was  a  little  larger  than  heretofore,  showing  a  steady 
growth  in  that  respect.  The  reports  were  neither  better 
nor  worse  than  usual — none  of  them  were  remarkably 
good,  although  some  were  uninteresting. 

One  member  was  sat  upon  by  the  graduates  of  technical 
schools  for  saying  that  he  could  not,  in  his  experience,  re- 
call an  instance  in  which  any  one  by  the  use  of  an  indi- 
cator had  found  out  anything  about  a  locomotive  which 
was  worth  knowing.  In  the  discussion  which  followed 
some  of  those  who  took  part  in  it  attempted  to  crush  this 
member,  as  a  housewife  rolls  out  incipient  pie  crust.  He 
still  lives,  however. 

The  disposition  of  the  Boston  fund  was,  it  will  be  seen, 
the  subject  of  a  special  report  by  a  committee.  As  probably 
only  the  older  members  of  the  Association  know  how  this 
fund  originated,  it  may  be  well  to  say  that  when  one  of  the  [ 


conventions  was  held  in  Boston  quite  a  number  of  yean 
ago  a  local  entertainment  committee  organized  there  had 
a  surplus  left  after  all  expenses  were  paid.  This  was  do- 
nated to  the  Association,  and  has  been  drawing  interest 
ever  since.  The  money  promised  to  be  a  source  of  trouble 
to  the  Association,  and  for  that  and  other  reasons  it  was 
desirable  to  make  some  disposition  of  it.  This  has  been 
done  by  creating  a  scholarship  in  the  Stevens  Institute  of 
Technology,  which  is  open  to  the  son  of  a  master  mechanic 
who  passes  the  best  examination.  The  fund  thus  becomes 
the  source  of  perpetual  benefaction  to  descendants  of  the 
present  members.  It  is  to  be  regretted  that  a  part,  at 
least,  of  the  large  sums  of  money  which  are  expended  each 
year  for  the  entertainment  of  members  cannot  be  diverted 
into  a  like  channel. 

The  place  of  meeting  tor  next  year  has  wisely  been  re- 
ferred to  a  ]oint  committee  of  the  Master  Mechanics'  and 
the  Master  Car  Builders'  associations,  and  it  is  proposed 
to  begin  the  convention  of  the  latter  body  on  Wednesday, 
and  of  the  former  on  Monday,  so  that  from  the  beginning 
of  the  session  of  the  one  association  to  the  end  of  that  of 
the  other  will  occupy  only  eight  days.  A  good  deal  of 
complaint  is  now  made  of  the  time  consumed  by  the  two 
meetings.  A  better  plan  than  that  proposed  would  seem 
to  be  to  hold  the  first  session  of  the  Car  Builders'  meeting 
on  Monday  evening,  and  thus  dispose  of  the  routine  work 
of  the  first  session.  Then  devote  Tuesday  and  Wednesday 
to  this  Association.  On  Wednesday  evening  the  first  ses- 
sion of  the  Master  Mechanics  could  be  held,  and  Thursday 
and  Friday  devoted  to  its  meetings.  In  this  way  the  meet- 
ings of  the  two  associations  could  be  held  in  four  days, 
which  would  save  much  time  and  money. 


ENGINEERING  AT  THE  EXHIBITION  OF  1893. 


The  movement  for  the  establishment  of  special  head- 
quarters for  Engineers  and  of  a  special  department  of 
Engineering  at  the  great  Exhibition  of  1893  assumed  form 
at  a  meeting  held  in  Chicago  in  May,  at  which  there  were 
represented  the  American  Society  of  Civil  Engineers  ;  the 
American  Society  of  Mechanical  Engineers  ;  the  Ameri- 
can Institute  of  Mining  Engineers  ;  the  American  Insti- 
tute of  Electrical  Engineers  ;  the  Canadian  Society  of 
Civil  Engineers  ;  the  local  Engineers*  societies  of  Boston, 
Philadelphia,  Pittsburgh,  Cleveland,  Chicago,  St.  Louis, 
St.  Paul,  Minneapolis,  the  South,  Kansas  City  and  Mon--*- 
tana.  All  of  these  had  appointed  delegates,  and  a  large 
proportion  were  present. 

After  due  consultation  the  movement  was  given  an  or- 
ganization by  the  choice  of  a  President  and  Executive 
Committee,  and  the  delegates  from  the  various  societies 
resolved  to  assume  the  name  of  the  "  General  Committee 
of  Engineering  Societies,  Columbian  Exposition."  The 
objects  of  this  Committee  were  defined  as  follows  : 

1.  To  provide  on  behalf  of  the  Engineering  Societies  repre- 
sented on  this  Committee  Engineering  Headquarters  for  mem- 
bers of  all  Engineering  Societies  of  the  world,  who  may  visit 
Chicago  during  the  World's  Columbian  Exposition  in  1893. 

2.  "To  promote  an  International  Engineering  Congress  to  be 
held  in  Chicago  in  1893  under  the  auspices  of  the  World's  Con- 
gress Auxiliary  of  the  World's  Columbian  Exposition. 

The  management  was  placed  in   capable  hands,   Mr. 
Octave  Chanute  being  chosen  President,  with  the  follow- 
ing members  of  the  Executive  Committee  :  E.  L.  Corthell,  , 
E.  M.  Izard,  William  Forsyth,  C.  L.  Strobel,  Robert  W. 
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Hunt,  John  W.  Cloud  and  D.  J.  Whittemore.  A  Secre- 
tary and  Treasurer  are  to  be  chosen. 

The  Committee  also  passed  a  resolution  to  the  effect 
that  "  the  importance  of  Engineering  entitles  it  to  the 
place  of  an  independent  department  in  the  World's  Con- 
gresses, to  be  held  in  1893,  under  the  auspices  of  the 
World's  Columbian  Exposition."  This  seems  to  be  so 
plain  as  hardly  to  admit  of  discussion. 

It  may  be  noted  also  that  the  Master  Car-Builders'  and 
the  Master  Mechanics'  Associations  have  both  passed 
resolutions  in  favor  of  co-operation  in  the  Exhibition,  and 
have  appointed  committees  to  outline  the  form  which  their 
assistance  should  take. 

It  is  to  be  hoped  that  all  classes  of  engineers  will  assist, 
and  that  they  will  work  together  in  securing  a  proper 
representation  at  the  Exhibition,  which  will,  indeed,  be 
largely  a  showing  of  the  result  of  their  labors. ' 


ENGLISH  AND  AMERICAN  LOCOMOTIVES. 


The  Engineer  of  May  22  contains  another  article  on  the 
above  subject,  in  reply  to  one  which  appeared  in  the  May 
number  of  this  JOURNAL.     The  answer  will  be  deferred 


land,  and  are  hardly  out  of  the  experimental  stage  here, 
they  should  be  excluded  in  making  such  a  comparison. 


THE  VAUCLAIN  COMPOUND  LOCOMOTIVE. 


We  have  received  from  the  inventor  of  this  locomotive  a 
communication  in  which  he  disputes  the  statements  made 
by  M.  Mallet  in  the  article  which  was  published  in  our 
April  number.  In  this  article  M.  Mallet,  in  speaking  of 
Mr.  Vauclain's  design,  said  that  : 

The  lowest  point  of  the  large  cylinder  is  22  in.  below  the 
common  axis,  and  unless  the  cylinders  are  inclined,  which  ii 
contrary  to  American  custom,  the  wheels  could  hardly  have  a 
diameter  less  than  56  in.,  which  is  greater  than  is  generally 
used  for  a  consolidation  engine,  where  the  wheels  are  usually 
48  or  50  in.  in  diameter. 

Mr.  Vauclain  has  written  that  : 

We  (that  is,  the  Baldwin  Locomotive  Works)  are  making 
compound  locomotives  of  the  four-cylinder  type  with  driving- 
wheels  24  in.  diameter  and  upward,  and  also  for  all  gauges  of 
track  from  20  in.  up  to  5  ft.  6  in.,  the  widest  now  in  use  in 
South  America. 

He  has  sent  us  some  photographs  from  which  the  en- 
gravings herewith  have  been  made,  and  which  illustrate 
some  features  in  the  construction  of  this  class  of  locomotives. 


Fig.  I. 
COMPOUND   CONSOLIDATION    LOCOMOTIVE.    VAUCLAIN    SYSTEM. 


for  another  month,  when  we  expect  to  give  some  data  bear- 
ing upon  the  subject. 

At  the  conclusion  of  his  article  the  editor  of  The  Engineer 
says  : 

Our  contemporary  reverts  to  a  proposition  he  made  long 
since,  which  strikes  us  as  being  a  very  curious  proposition.  It 
is  that  we  should  publish  drawings  of  a  large  English  express 
passenger  locomotive,  and  the  same  of  a  goods  engine.  ...  It 
would  appear  that  the  Railroad  and  E.nginkering  Journal 
is  in  ignorance  of  the  fact  that  we  have  published  drawings 
and  particulars  of  all  the  best  English  locomotives,  and  that 
we  continue  to  publish  such  drawings,  representing  every 
change  in  practice,  from  time  to  tirre,  as  occasion  arises. 
Precisely  what  more  our  contemporary  needs  for  the  purposes 
of  comparison  we  are  at  a  loss  to  understand. 

We  are  not  in  ignorance  of  the  fact  that  The  Engineer 
from  time  to  time  has  published  admirable  engravings  of 
English  locomotives.  What  we  do  not  know  is,  which  of 
them,  in  the  judgment  of  our  contemporary,  fairly  repre- 
sents British  practice  of  the  present  day.  If  the  editor  of 
The  Engineer  will  point  out  which  of  the  heavy  passenger 
engines  that  have  been  illustrated  in  its  pages  represents 
that  practice,  it  will  be  possible  then  to  compare  its  design 
and  construction  with  that  of  an  American  engine  of  like 
weight  and  capacity.  It  should  be  added  that,  as  com- 
pound locomotives  are  not  very  extensively  used  in  Eng- 


Fig.  I  represents  a  compound  consolidation  locomotive  of 
the  Vauclain  type.  In  this  it  will  be  seen  that  the  small, 
or  high-pressure  cylinder  is  below,  and  the  large,  or  low- 
pressure  cylinder  is  above.  Fig.  2  shows  the  front  end 
of  an  engine  with  the  same  arrangement  of  cylinders,  but 
with  frames  outside  of  the  wheels.  Fig.  3  represents  an 
engine  with  the  same  kind  of  frames,  but  with  the  cylin- 
ders reversed  in  their  relative  positions.  Fig.  4  shows 
a  similar  view  of  an  engine  of  the  American  type,  but 
with  the  high-pressure  cylinder  above  and  the  low-pres- 
sure cylinder  below.  All  these  engines,  excepting  the 
last  one,  have  wheels  smaller  than  56  in.  diameter,  show- 
ing that  the  plan  is  adapted  to  be  used  with  small  wheels 
and  horizontal  cylinders. 

At  the  Master  Mechanics'  Convention,  held  in  June,  Mr. 
Vauclain  stated  that  the  firm  he  is  connected  with  has 
orders  for  over  40  compound  locomotives  of  his  four- 
cylinder  type.  During  a  recent  visit  to  the  Baldwin  Lo- 
comotive Works  we  found  a  large  number  of  these  en- 
gines in  progress,  and  apparently  their  manufacture  is  an 
established  branch  of  the  business  of  the  firm. 

In  some  recent  trials  Mr.  Vauclain  reports  an  economy 
of  from  35  to  40  per  cent,  of  his  type  of  engine  over  some 
non-compound  engines.     This,  if  confirmed  by  regular 
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practice,  will  be  an  extraordinary 
result,  and  will  place  the  economy  of 
the  compound  locomotive  beyond 
further  dispute.     He  also  says  : 

Another  Item  of  interest  to  you  will 
be  the  reliable  data  I  have  gathered  in 
relation  to  piston  rods.  We  have  never 
had  any  complaint  from  this  source,  and 
M.  Mallet  can  rest  secure  so  far  as  that 
is  concerned.  When  out  with  the  last 
large  consolidation,  I  ran  the  engine  10 
miles,  using  high-pressure  steam  in  the 
low-pressure  cylinders,  and  had  to  keep 
sanding  the  rait  all  the  time  in  order  to 
keep  to  the  rail — with  no  kinking  of  the 
piston-rods  at  all. 

These  statements,  and  the  engrav- 
ings, will  be  sufficient  to  show  that 
M.  Mallet's  criticism  was  based  on 
a  misunderstanding. 


THE  TRIAL  OF  THE  VESUVIUS. 


Fig.  2. 


The  recent  trial,  in  Chesapeake  Bay,  of  the  dynamite 
cruiser    Vesuvius,  although  not  successful  in  determining 


Fig-  3- 

the  actual  value  of  that  vessel,  has  yet  clearly  demon- 
strated to  those  who  have  studied  the  experiments,  the 
tremendous  force  of  this  arm  of  warfare. 

Since  the  trial  the  verdict  among 
naval  and  military  officers  has  been 
practically  unanimous  that  there  is 
more  accuracy  in  this  high  angle  of 
fire  than  had  been  first  supposed  ; 
and  if  the  experiments  have  had  no 
other  success,  they  have  at  least  suc- 
ceeded in  creating  among  army  and 
navy  men  ten  times  as  many  advo- 
cates for  the  dynamite  cruiser  as  for- 
merly existed. 

It  is  unfortunate  that  the  trial  was 
conducted  under  circumstances  tend- 
ing to  make  apparently  a  target- 
practice  out  of  what  was  in  reality  an 
operation  for  determininir  the  ranges 
of  the  pneumatic  guns. 

It  was  well  known  beforehand  that 
the  tubw  "wouW  c^rry  the  projectiles 


to  a  distance  much  further  than  that  reached  by  any  of 
those  fired  in  Chesapeake  Bay.  It  was  also  well  known  be- 
forehand that  the  principle  upon  which  the  pneumatic  gun 
is  constructed  requires  and  presupposes  a  table  of  ranges, 

determined  by  experiment — an  oper- 
ation that  had  not  been  performed 
for  the  three  pneumatic  tubes  prior 
to  the  visit  of  the  Board. 

The  compressed  air,  which  is  the 
expelling  power,  and  which  is  always 
under  constant  pressure,  is  admitted 
to  the  base  of  the  projectile  by  the 
opening  of  a  valve  :  and  therefore  it 
necessarily  follows  that  the  period  of 
time  during  which  the  valve  remains 
open,  or  even  the  amount  of  its 
aperture  that  is  opened,  directly  in- 
lluences  the  range  of  the  projectile. 
Indeed,  so  minutely  does  the  amount 
«f,time  occupied  in  opening  and  clos- 
ing the  valves  affect  the  range,  that 
in  the  late  trial  it  was  noticed  that 
the  slight  loss  of  motion  due  to  the 
change  in  turning  the  valve  from 
one  direction  back  to  the  other  direction  became  apparent 
in  the  distance  to  which  the  projectile  was  carried. 
The  Board  of  Otficers  who  conducted  the  first  trial  con- 
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sidered  that  the  tests  were  not  exhaustive  enough  to  war- 
rant them  in  reporting  upon  the  actual  efficiency  of  the 
vessel  ;  and  the  same  Board  are  to  conduct  a  second  series 
of  experiments.  This  is  particularly  fortunate,  since  these 
gentlemen  will  have  profited  by  their  observations  made 
during  the  trial  in  Lynnhaven  Roads. 

Two  essential  points  have  been  clearly  demonstrated — 
first,  that  it  is  absolutely  necessary  to  know  approximately 
the  distance  of  the  object  to  be  struck  ;  and,  second,  the 
valve-system  must  be  absolutely  arranged  to  admit  at  all 
times  the  required  amount  of  compressed  air,  and  no  more. 

As  a  favorable  offset  to  the  fact  that  these  two  necessi- 
ties exist,  it  has  been  distinctly  shown  that  the  line  of  (ir^ 
from  the  pneumatic  guns  is  excellent,  and  that  the  pitch- 
ing of  the  vessel,  even  in  a  comparatively  rough  sea-way, 
but  little  affected  the  range  of  the  projectile.  These  two 
points  were  the  ones  upon  which  the  greatest  doubt  had 
existed  in  the  minds  of  naval  men,  and  the  trial,  no  mat- 
ter how  unsatisfactory  in  other  respects,  has  entirely  dis- 
sipated these  doubts. 

In  all  but  26  projectiles  were  provided  for  the  ranging 
and  subsequent  testing  of  the  three  tubes.  On  May  18, 
the  first  day,  1 1  of  these  were  tired  to  find  the  range  of  the 
guns,  six  being  fired  from  the  starboard  gun  and  five  from 
the  middle  gun.  The  port  gun  was  not  tested.  This 
number  of  shots  was,  as  a  matter  of  course,  inadequate  to 
determine  an  accurate  table  of  ranges,  and  therefore  at- 
tention was  confined  to  only  these  two  guns. 

On  May  19  an  informal  target-practice  was  made  by 
firing  nine  of  the  remaining  shots  at  known  distances  from 
the  target.  Six  of  these  were  fired  with  the  Vesuvius  sta- 
tionary, and  three  of  them  with  the  Vesuvius  steaming 
toward  the  target  at  the  rate  of  12^  knots.  Of  these  shots, 
a  table  of  which  is  given  below,  three  were  in  exact  line, 
one  being  a  bull's-eye.  The  greatest  deviation  to  the 
right  or  left  of  the  line  of  fire  was  52  yards  at  a  distance 
of  a  mile,  and  the  greatest  amount  short  of  the  target 
was  28  yards,  at  a  distance  of  half  a  mile.  Six  of  the  nine 
shots  would  have  destroyed  a  vessel  the  size  of  the  Dol- 
phin. The  modern  battleship  would  present  a  rectangle 
of  about  150  yards  by  40  yards.  If  a  shell  loaded  with 
dynamite  can  be  dropped  on  any  part  of  this  rectangle 
the  shot  should  be  considered  a  success,  for  500  lbs.  of 
dynamite  falling  that  close  to  any  part  of  a  vessel  and  ex- 
ploding is  bound  to  create  havoc. 

Inasmuch  as  this  informal  trial  had  been  so  satisfac- 
tory, and  in  consideration  of  the  fact  that  the  remaining 
six  projectiles  were  needed  for  the  official  trial,  no  further 
effort  was  made  to  accurately  range  the  valves,  and  on 
May  20  the  official  trial  was  made,  the  results  of  which 
were  not,  unfortunately,  in  any  degree  as  successful  as 
those  of  the  day  before. 

A  table  of  the  shots  made  on  May  20  is  also  given  here- 
with. Only  two  of  the  shots  fired  this  day  would,  to  a 
casual  observer,  or  upon  an  ordmary  inspection  of  the 
table,  be  considered  good  ones.  One  of  them,  the  first 
shot  fired,  was  thrown  while  tho  vessel  was  going  at  a 
speed  of  \i\  knots  toward  a  stationary  target,  and  the 
Other,  the  fourth  shot,  while  the  vessel  was  going  at  a 
speed  of  17}  knots,  and  at  a  target  moving  at  a  rate  of  10 
knots. 

The  other  shots  of  this  day's  trial  were,  at  first  glance, 
apparently  entirely  unsuccessful,  one  going  250  yards 
short  and  one  300  yards  beyond  the  target.  Still  whan 
we  consider  that  the  "  target"  in  question  was  an  ordinary 


Table  of  Shots,  May  19,  1891,  **  Vesuvius." 


o 

CO 


3 


V 

DC 

M 

H 


l«1 


Q 


I 

mile. 

K 

>< 

% 

<t 

I 

mile. 

K 

il 

% 

(t 

X  mile. 


o. 

x6L. 
o. 


5a  L. 
o. 
16  L. 


24  L. 

15  L. 

10  L. 


> 

o  . 

u 

M  V 

>«  a 

.  a 

06 


5a  over. 
48  over. 
BulPs-eyc. 


3:  over. 
a4  over. 
a8  short. 


4%  short. 
35  short. 
38  short. 


Remarks. 


VesMviu*  stationary  and 
distance  known. 


Vesuvius  steamins  toward 

target  at  rate  of  la^ 

knots. 


Vesuvius  stationary  and 
distance  known. 


Table  or  Shots,  May  20. 


naval  cutter,  probably  not  over  2  ft.  in  height  and  30  ft. 
in  length,  some  of  these  shots  appear  to  better  advantage 
when  analyzed  according  to  the  effect  they  would  have 
produced  had  they  been  fired  at  a  target  the  size  of  an 
ordinary  man-of-war. 

For  example,  the  second  shot,  fired  on  the  day  of  the 
official  trial,  with  the  target  at  a  distance  of  o|  mile,  went 
16  yards  to  the  right,  and  struck  104  yards  beyond  the  tar- 
get. The  tubes  are  placed  at  an  angle  of  18°  elevation, 
and  with  the  above  data  it  can  be  easily  seen  that  this 
shot,  that  figures  apparently  as  a  poor  one,  would,  if  it 
had  been  aimed  at  the  midship  line,  certainly  have  struck 
some  part  of  a  vessel  the  size  of  the  Newark. 

The  dynamite  gun  is  essentially  an  American  invention, 
and  the  excellent  results  obtained  with  it  at  Shoeburyness, 
where  it  continually  deposited  its  projectiles  within  a  rec- 
tangle of  about  five  by  eight  yards,  have  decided  the 
European  powers  to  avail  themselves  of  this  as  a  method  of 
coast  defense. 

The  placing  of  the  gun  on  a  floating  platform  is  also  an 
entirely  American  "  notion,"  which  our  British  cousins 
hastened  to  declare  would  be  unsuccessful  ;  but  they  will 
not  be  slow  in  borrowing  from  us  this  idea  as  well,  after 
we  have  demonstrated  that  "  the  thing  will  work." 

The  Fiske  range-finder,  which  was  mainly  invented  on 
account  of  the  trouble  that  that  officer  foresaw  to  obtain 
an  exact  distance  of  ranges  aboard  this  vessel,  will  at  all 
times  give  the  distance  of  the  target  from  the  vessel.  It 
is  now  reported  that  before  the  next  and  final  trial  of  the 
little  vessel,  this  range-finder  is  to  be  placed  aboard  of 
her  ;  and  if  this  be  done,  one  of  the  disadvantages  that 
before  existed  will  have  been  overcome,  as  the  distance 
of  the  target  at  any  time  will  be  approximately  shown. 

Many  officers  of  the  Navy,  who  before  the  time  of  this 
trial  had  little  interest  or  belief  in  the  efficiency  of  the 
vessel,  have  now  become  enthusiastic  over  her  perform- 
ance, and  are  confident  that  before  the  time  of  the  next 
trial  American  invention  will  have  devised  a  more  perfect 
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system  of  discharging  valves,  and  that  her  next  experi- 
ments will  be  an  entire  success. 

The  vessel  will  receive  a  fair,  patient  and  impartial 
trial  from  the  Board  appointed  to  inspect  her,  and  criti- 
cism should  be  suspended  or,  at  least,  condemnation 
should  be  withheld  until  it  has  been  decided  that  the  sup- 
posed defects  may  not  be  necessary  ones. 


NEW   PUBLICATIONS. 


Fourth  Annual  Report  of  the  Board  of  Public  Works  of 
THE  City  OF  DuLUTH,  Minn.  For  the  Year  ending  February 
28,  1891.     Duluth,  Minn.;  issued  by  the  City. 

This  report  shows  that  a  great  variety  of  public  work  has  been 
executed  in  Duluth  during  the  past  year,  but  its  chief  interest  is 
in  what  is  proposed  for  the  future.  The  most  important  work 
is  a  tunnel  under  the  ship  canal  on  Minnesota  Point— the  main 
entrance  to  Duluth  harbor— on  which  question  a  report  by  Mr. 
William  Sooy  Smith  is  given.  After  considering  the  require- 
ments of  the  case,  he  recommends  the  building  of  a  tunnel 
with  three  galleries,  two  to  carry  one  railroad  track  each,  the 
third  a  street  railroad  track  and  a  footway  for  passengers.  The 
tunnel  is  presented  as  the  best  plan  for  securing  a  crossing 
which  is  very  much  needed.  For  the  approaches  a  10  per  cent, 
grade  is  recommended,  the  traffic  to  be  worked  by  a  rack-rail 
locomotive  on  the  Abt  system. 

It  is  understood  that  these  recommendations  will  probably 
be  adopted  and  a  tunnel  built. 


Who    Owns  the    Lake  Beds  ?     By   F.    Hodgman.       Battle 
Creek,  Mich. ;  published  by  the  Author. 

This  is  a  reprint  of  a  paper  read  before  the  Michigan  Engi- 
neering Society  at  its  last  meeting  on  a  subject  which  has  caused 
much  controversy  in  the  Northwest  and,  in  one  case  at  least, 
has  led  to  litigation  of  considerable  importance.  The  question 
refers  to  the  beds  of  the  small  lakes  found  on  the  public  lands, 
or  lands  which  have  been  public,  within  the  regions  subdivided 
by  the  United  States  Survey.  After  a  careful  examination  of 
the  authorities  and  of  Government  practice  Mr.  Hodgman  con- 
cludes that  the  beds  of  non-meandered  lakes  belong  to  the  own- 
ers of  the  adjoining  land  ;  that  the  beds  of  meandered  non- 
navigable  lakes  belong  to  the  General  Government  ;  that  the 
beds  of  navigable  lakes  belong  to  the  State.  Where  the  waters 
of  a  lake  recede  permanently,  the  land  so  gained  belongs  to 
the  owners  of  the  adjoiaing  land. 

The  subject  is  a  somewhat  curious  one,  and  is  of  interest  to 
land  surveyors  and  land  owners  in  many  places. 


Brick  Pavement.  The  Inauguration  and  Execution  of  the 
Work;  the  Manufacture  of  Brick  ;  with  Tables  of  Experi- 
ments and  Tests.  By  C.  P.  Chase,  City  Engineer,  Clinton, 
la.  (Indianapolis  ;  Paving  and  Municipal  Engineering  ; 
price,  |i). 

The  use  of  brick  for  street  pavements  is  rapidly  extending 
in  the  West,  and  especially  in  those  sections  where  stone  suit- 
able for  paving  purposes  is  not  easily  obtainable.  Doubtless 
its  use  would  be  still  more  extended  were  engineers  better  in- 
formed as  to  the  qualities  of  the  material,  its  capabilities  and 
the  reasons  in  favor  of  its  employment.  Wood  pavements  have 
not  proved  generally  durable  ;  asphalt  is  expensive  in  many 
sections  of  the  country,  and  stone  is  also  expensive  when  it  has 
to  be  transported  long  distances  overland.  Engineers  in  many 
cities  and  towns  are  therefore  interested  In  knowing  what  has 
been  done  with  brick,  how  far  it  can  be  relied  on  under  light 
and  heavy  traffic,  what  is  the  best  quality  for  street  use,  and 
other  points  in  relation  to  it. 


This  information  Mr.  Chase  has  sought  to  present  in  a  con- 
cise form,  his  book  being,  as  he  says,  not  for  those  who  have 
"  been  through  the  mill,"  but  rather  for  those  who  are  looking 
for  knowledge  and  advice.  The  book  contains  first  a  prelim- 
inary section  on  the  general  question  of  paving,  including  prep- 
aration of  the  roadway  and  foundations,  and  then  the  more 
special  part  on  paving  brick  and  the  best  methods  for  using  it. 
This  includes  a  number  of  tests  of  brick  and  comparative  tables 
showing  the  strength  of  bricks  of  different  makes  and  their  rel- 
ative standing  in  other  respects.  There  is  also  a  description  of 
various  methods  employed  in  laying  pavements,  with  notes  of 
experience  with  such  methods.  These  are  made  clearer  by 
illustrations. 

As  to  the  merits  of  brick  pavements,  Mr.  Chase  gives  a 
table  of  comparative  excellence  of  various  paving  materials 
based  upon  the  latest  experiments  and  facts  taken  from  actual 
service,  which  is  as  follows  : 
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The  concluding— and  not  the  least  valuable — part  of  the  book 
is  a  complete  set  of  specifications  for  brick  paving.  These  have 
been  used  in  actual  practice,  have  stood  the  test  of  experience, 
and  seem  to  be  very  complete  and  satisfactory  in  form  and  de- 
tails. They  will  undoubtedly  be  of  much  service  to  city  en- 
gineers and  others  who  have  to  prepare  for  using  such  pave- 
ments for  the  first  time. 


George  P.   Rowell's  Book  for  Advertisers.    (New  York  ; 
George  P.  Rowell  &  Company  ;  price  $1.) 

This  book  contains  a  number  of  lists  of  papers  and  other  in- 
formation based  upon  the  loag  experience  of  the  publishers  in 
the  business.  While  there  are  some  mistakes  in  it,  it  must  l>e 
of  great  service  to  the  general  advertiser  who  has.  not  the  time 
or  opportunity  to  make  himself  acquainted  with  the  papers 
through  which  he  wishes  to  address  the  public.  The  special  ad- 
vertiser, who  uses  class  or  trade  papers,  has  a  narrower  field, 
and  can  more  easily  work  on  his  own  account,  but  he  also  may 
find  good  advice. 

The  total  number  of  periodical  publications  in  the  United 
States  and  Canada  is  given  in  this  book  as  19,373.  New  York 
has  over  10  per  cent,  of  these,  or  1,958,  and  the  number  grad- 
ually decreases  until  we  come  to  Alaska,  which  supports  3.  The 
labor  of  keeping  up  a  current  acquaintance  with  nearly  20,000 
papers  can  hardly  be  estimated,  and  it  can  only  be  accomplished 
by  a  carefully  arranged  system. 


BOOKS    RECEIVED. 


Occasional  Papers  of  the  Institution  of  Civil  Engineers.  Lon- 
don, England  ;  published  by  the  Institution.  The  present  issue 
includes  papers  on  Authorities  on  the  Steam  Jacket,  by  Pro- 
fessor R.  H.  Thurston  ;  Machine  Stoking,  by  J.  F.  Spencer  ; 
Influence  of  Heat  on  the  Strength  of  Iron,  by  Professor 
Martens  ;  the  Port  of  Swansea,  by  R.  Capper ;  Auxiliary 
Engines,  by  W.  H.  Allen  ;  Governors  and  Fly-Wheels,  by 
Professor  Dwelshauvers-Dery  ;  the  Von  Schmidt  Dredge,  by 
George  Higgins  ;  Abstracts  of  Papers  in  Foreign  Transactions 
and  Periodicals, 
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Boiler  Tests :  Embracing  the  Results  of  137  Evaporative 
Tests,  Made  on  "ji  Boilers,  conducted  i>y  the  Author.  By  George 
H.  Barrus,  S.B.  Boston  ;  published  by  the  Author  (price  $5). 
This  book  is  received  too  late  to  have  the  careful  review  which 
it  requires  given  in  the  present  number.  It  is  a  volume  of  280 
pages,  with  many  illustrations. 

Transactions  of  the  Denver  Society  of  Civil  Em^itteers  :  Vol- 
ume I/,  July-December,  1890.  Denver,  Col.;  published  for  the 
Society. 

Proceedings  of  the  Third  A  nnual  Convention  of  the  loiva  So- 
ciety of  Civil  Engineers  and  Surveyors,  held  at  Des  Moines,  De- 
cember y:i  and  31,  1890.  Glenwood,  la.;  published  by  the  So- 
ciety ;  Seth  Dean,  Secretary  (price,  35  cents). 

Cornell  University,  Agricultural  Experiment  Station  :  Bulletin 
27,  May,  1891.     Ithaca,  N.  Y.;  published  by  the  University. 

University  of  Illinois,  Catalogue  and  Circular.  Champaign, 
III.;  published  by  the  University. 

Purdue  University  :  Annual  Register,  1890-91,  7vith  Scheme 
cf  Study  for  iS()i-()2.  Lafayette,  Ind.;  published  by  the  Uni- 
versity. 

A  Treatise  on  the  Calkins  Steam  Indicator,  with  Descriptions  of 
Calkins'  Graduated  Pantograph,  Polar  Planimeter,  etc.,  etc.  New 
York  ;  the  Engineers'  Instrument  Company  (price,  ^1.50). 
This  book  is  reserved  for  more  careful  review  than  time  will 
permit  in  the  present  number. 


TRADE    CATALOGUES. 


Catalogues  and  Price  lists  of  the   Brown   cr'  Sharpe  Manu- 
facturing Company,  and  of  Darling,  Brown  cr'  Sharpe.      Provi- 
dence, R.  I.     This  is  a  new  edition  of  the  catalogue  of  these 
well-known  firms,  containing  several  additions  in  the  way  of 
new  machines,  etc..  not  included  in  previous  issues. 


The  Swenson  Patent  System  of  Evaporation  by  Multiple  Effects. 
The  Fort  Scott  Foundry  ^  Machine  Works  Company,  Fort 
Scott,  Kansas. 

The  Star   Ventilator:  Illustrated  Catalogue.     Merchant  &;'  Com- 
pany, Philadelphia. 


ABOUT  BOOKS  AND  PERIODICALS. 


2  Among  the  new  books  in  preparation  by  John  Wiley  &  Sons 
is  Stones  for  Buildinc;  Decoration,  by  George  P.  Merrill,  of 
the  National  Museum  at  Washington. 

A  very  neat  pamphlet  called  Over  the  Cincinnati  South- 
ern was  issued  by  the  Cincinnati,  New  Orleans  &  Texas  Pacific 
Company  on  the  occasion  of  the  Civil  Engineers'  Convention 
in  Chattanooga.  It  contained  a  brief  account  of  the  road,  with 
view  of  the  Kentucky  River  Bridge  and  of  Lookout  Mountain, 
and  a  map  giving  also  a  profile  of  the  toad  and  showing  the 
geological  formations  of  the  country.  It  was  an  excellent  trav- 
eling companion. 

In  Harper's  Weekly  for  June  10  there  is  a  fine  double-page 
portrait  of  Thomas  A.  Edison  in  his  laboratory.  Other  recent 
numbers  have  had  illustrated  articles  on  the  Chicago  Parks,  on 
the  Adirondack  Forests,  and  on  the  new  Boulevard  Tunnel  un- 
der the  Chicago  River, 

The  May  number  of  the  Journal  of  the  American  Society 
of  Naval  Engineers  has  articles  on  Trial  Trips,  by  Chief  En- 
gineer N.  P.  Towne  ;  Preservation  of  Marine  Boilers, 
by  Assistant  Engineer  S.  H.  Leonard  ;  Engine  Room  Signal?, 
t?Y  A^'i'^t*"^  Entjincer  H.  f,  Norton  ;  Tr'»l  of  the  Bennington, 


by  Assistant  Engineer  Albert  Moritz  ;  Economic  Marine  Pro- 
pulsion, by  Chief  Engineer  John  Low  ;  Development  of  Cylin- 
drical Heads  for  Boilers,  by  Assistant  Engineer  H.  G.  Leopold. 

Almost  every  healthy  man  takes  an  interest  in  some  kind  of 
outdoor  amusement,  and  accordingly  every  one  will  find  some- 
thing to  suit  him  in  Outing  for  June.  There  are  also  some  en- 
tertaining notes  of  travel.  The  military  article  for  the  month  is 
on  the  Massachusetts  Volunteer  Militia,  beginning  with  the 
companies  of  nearly  200  years  ago— for  Massachusetts  military 
history  runs  back  almost  to  the  first  settlement  of  Plymouth  and 
Boston. 

The  Journal  of  the  New  England  Water- Works  Association 
for  June  has  several  interesting  papers  and  discussions.  The 
one  which  has  the  most  general  importance  is  on  Typhoid  Fever 
in  its  Relation  to  Water  Supplies,  by  Mr.  H.  F.  Mills,  of  the 
Massachusetts  State  Board  of  Health. 

The  article  in  Mr.  Child's  South  American  series  in  the  July 
number  of  Harper's  Magazine  is  on  Paraguay.  Colonel 
Dodge  writes  of  the  Cowboy  and  the  Mexican  Vaquero  in  his 
series  on  American  Riders.  The  illustrations  and  the  miscel- 
laneous articles  make  this  a  most  excellent  summer  number. 

Probably  the  papers  which  will  attract  most  attention  in  the 
June  Arena  are  Editor  Flower's  on  Society  Exiles  and  Camille 
Flammarion's  on  the  Unknown.  One  of  special  value  to  engi- 
neers is  on  Irrigation  in  the  Northwest,  which  is  the  result  of 
careful  study  of  the  question. 

The  June  number  of  the  Lehigh  Quarterly  will  be  an 
especially  interesting  one  to  graduates  of  the  Lehigh  Uni- 
versity, containing  several  articles  on  the  University  itself 
and  student  history.  Among  the  general  articles  are  Read- 
ing and  Indexing,  by  Professor  Ira  O.  Baker  ;  Nitro- 
Glycerine,  by  Albert  Eavenson  ;  Wrought  iron  Compression 
Members,  by  Henry  S.  Prichard  ;  the  Telephone,  by  J.  Z. 
Miller. 

The  range  of  selection  in  the  ECLECTIC  MAGAZINE  for  June 
is  shown  by  the  fact  that  it  contains  articles  from  the  Gentle- 
man's  Magazine,  the  Contemporary  Review,  the  Nineteenth 
Century,  the  Fortnightly  Review,  the  National  Review,  the  Sat- 
urday Revie7v,  Blackwood' s Magazine,  the  Spectator,  ih^  Academy, 
and  the  New  Review—s.  list  which  pretty  well  covers  the  Eng- 
lish magazines  of  standing. 

Wool  Spinning  and  Weaving  ;  Sanitary  Improvement  in 
New  York  ;  Agricultural  Experiment  Stations,  and  Man  and 
the  Glacial  Period  are  the  leading  articles  in  the  POPULAR  Sci- 
ence Monthly  for  July.  The  first  one  named  is  one  of  the 
series  on  American  Industries,  which  has  formed  a  feature  of 
this  magazine  since  the  beginning  of  the  year. 

The  more  serious  articles  in  Belkord's  Magazine  for  June 
are  on  the  Wage  System,  by  Eva  McDonald  ;  on  Physical 
Culture,  and  on  Foreign  Trade  and  Reciprocity  Abundance 
of  reading  is  also  provided  for  those  who  look  for  amusement 
rather  than  instruction  in  a  magazine. 

The  April  number  of  the  School  of  Mines  Quarterly  is 
chiefly  a  mining  number,  and  bas  scvcral  Valuable  articles  on 
mining  and  metallurgy. 

In  the  July  number  of  Scrihner's  Magazine  Foster  Crowell 
gives  an  Engineer's  Glimpse  of  Hayti,  including  some  in- 
teresting particulars  concerning  that  fertile  but  very  uneasy 
island.  The  steamship  article  is  on  Speed,  and  is  by  A.  E. 
Seaton.  Impressions  of  Japan,  some  stories  of  Mexican  out- 
laws, and  some  very  readable  stories  and  othff  lighter  matter 
complete  the  number. 

A  quarterly  journal  has  been  started  in  Chicago  te  advocate 
the  use  of  brick  for  paving  purposes.  Brick  Roadways  is  i|ic 
appropriate  name,  pnd  it  i)  fdil,^^  by  Cbaj^jcs  T.  OlYlf» 
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THE   ARMSTRONG   RAPID-FIRE   GUN. 


(From  Industries.) 


The  accompanying  illustrations  show  one  of  the  rapid- 
fire  guns  shown  at  the  Naval  Exhibition  by  the  Elswick 
Works  of  Sir  VV.  G.  Armstrong,  Mitchell  &  Company. 
The  gun  illustrated  is  of  4.7-in,  (12  cm.)  caliber.  Fig.  i 
is  a  general  view  of  the  gun  as  mounted  ;  fig.  2  is  an  ele- 


mouth.  These  trials  resulted  in  some  slight  modifications 
to  the  gun,  which  was  finally  adopted  by  the  Navy  as  a 
45-pounder.  Ever  since  the  Elswick  Company  have  found 
it  difficult  to  manufacture  this  weapon  with  sufficient 
rapidity  to  cope  with  the  demand,  and  there  still  appears 
every  probability  of  the  quick-firing  type  being  more  ex- 
tensively adopted.  Interesting  trials  have  been  carried 
out  by  the  Admiralty,  in  order  to  compare  the  rates  of 
firing  of  the  new  4.7-in.  quick-firing  gun  and  the  5-in. 
breech-loading  servicegun.      Both  these  weapons  were 


Fig.  I.  v^ 

THE   ARMSTRONG   RAPID-FIRE  GUN. 


vation  ;  fig.  3  a  section  ;  fig.  4  an  end-view,  and  fig.  5  a 
section  on  a  larger  scale,  showing  the  breech  mechanism. 
These  guns,  which  are  the  latest  product  of  the  Elswick 
Works,  differ  from  the  Nordenfeldt,  the  Catling,  and  other 
machine  guns,  in  being  loaded  by  hand,  in  having  only 
one  barrel,  and  generally  in  being  larger  in  size.  The 
quick-firing  or  rapid-fire  gun  differs  from  an  ordinary 
gun  by  having  special  breech  mechanism,  and  particularly 
by  the  use  of  cartridge  cases,  which  are  generally  made 
of  brass  or  gun-metal,  composed  of  two  or  more  pieces 
screwed  or  riveted  together,  or  solid-drawn  out  of  one 
piece.  One  of  these  cartridge  cases  constructed  in  the 
latter  manner,  which  has  been  fired  twenty  times  in  a 
4.7-in.  quick-firing  gun,  is  exhibited  to  show  how  success- 
fully they  are  constructed.    After  each  time  of  firing  these 


mounted  in  gunboats,  and  fired  under  precisely  similar 
conditions,  the  result  being  that  the  4.7-in.  gun  fired  10 
rounds  in  47  seconds,  and  the  5-in.  gun  took  5  minutes 
7  seconds  to  fire  an  equal  number.  Evidently  it  is  only  a 
question  of  time  and  money  for  the  complete  superseding 
of  the  ordinary  service  gun  by  the  rapid  firer.  Besides 
having  the  advantage  of  firing  six  times  as  often,  the  latter 
has  the  further  advantage  that  between  each  discharge 
but  a  slight  alteration  in  aim  is  required. 

Noteworthy  among  many  improvements,  introduced  to 
insure  rapid  loading  and  firing,  is  the  Elswick  breech 
screw.  It  is  on  the  principle  of  the  interrupted  screw, 
but  is  made  of  a  coned  instead  of  a  cylindrical  shape. 
This  arrangement  secures  two  advantages,  firist,  the  ac- 
tion of  opening  and  closing  the  breech  is  much  simplified, 


Fig-  3 


jti^utttnri. 


Fig.  2. 


cartridge  cases  are  re-formed,  for  which  purpose  special 
tools  are  provided. 

The  first  quick-firing  guns  were  made  to  fire  3-lb.  and 
6-lb.  projectiles  at  the  rate  of  20  to  30  per  minute  under 
favorable  conditions.  Since  then  guns  of  this  type  have 
been  constructed  to  discharge  projectiles  of  10  lbs.,  12 
lbs.,  25  lbs.,  30  lbs.,  45  lbs.,  70  lbs.,  and  100  lbs.  The 
i2-cm.  (4.7-in.)  quick-firing  gun  has,  however,  been  so 
far  the  most  largely  adopted  of  the  larger  sizes.  Origi- 
nally introduced  as  a  30-pounder,  it  was  submitted  to  the 
Admiralty  (in  1886),  and  most  exhaustively  tried  at  Ports- 


as  the  breech  screw  need  not  be  withdrawn  before  hinging 
away  ;  and,  second,  the  coned  shape  of  the  breech  screw 
enables  it  to  take  hold,  not  only  of  the  inner  surface  of 
the  metal  of  the  breech  hoop  or  jacket,  but  also  distrib- 
utes the  engagement,  and,  therefore,  the  strain  and  sup- 
port, over  a  much  larger  surface.  The  breech-screw  is 
further  arranged  so  that  the  threads  of  the  smaller  end  of 
the  cone  correspond  longitudinally  with  the  interrupted 
spaces  of  the  larger  end,  and  vice  versa,  so  that  the  strain 
and  support  are  also  distributed  throughout  the  entiie 
circumference  of  the  breech- screw,  instead  of,  as  formerly , 
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half  the   circumference    being   lost   by   the    interrupted 
spaces. 

Electricity  is  used  as  the  means  of  firing  these  guns 
with  advantage,  as  electric  primers  can  be  kept  in  the 
loaded  cartridge  cases  without  the  slightest  danger.  An 
explosion  would  be  so  serious  that  percussion  primers 
would  never  be  tolerated  in  the  cartridge  cases,  except 
just  before  firing,  however  unlikely  accidental  explosion 
might  be  considered.      Further,    thej  use  of    electricity 


Fig.  4. 


facilitates  arrangements  to  secure  the  guns  being  in  proper 
firing  position  when  fired — especially  necessary,  seeing 
that  the  rapidity  of  firing  is  very  liable  to  lead  the  gunners 
to  omit  some  of  the  routine  of  their  work.  To  obviate 
failure,  the  electric  light  is  always  supplied  in  duplicate, 
and  sometimes  even  a  third  current  is  provided,  and  per- 
cussion firing  can  also  as  a  last  resort  be  substituted  with 
barely  a  moment's  pause. 

An  ingenious  electric  sounder  has  been  devised  to  as- 
sist in  providing  against  miss-fires,  and  can  be  seen  in 
action  in  the  Exhibition.     It  commences  to  ring,  if  every- 


thingjs  in  order,  directly  the  gun  is  loaded  and  in  the 
firing  position.  By  its  means  all  the  primers  can  be 
tested  before  actually  required  for  firing,  and  further  it 
has  the  merit  of  being  free  from  complication.  Consid- 
erable attention  has  naturally  been  given  to  providing  a 
suitable  mounting  for  these  guns.  Instead  of  being  fitted 
with  trunnions  they  are  placed  in  cradles,  keys  being  pro- 
vided on  the  guns,  which,  working  in  keyways  in  the 
cradle,  prevent  the  gun  from  turning.  The  breech  of  the 
gun  is  fitted  with  a  horn,  which  is  connected  with  a  piston- 
rod  working  in  the  recoil  press  cylinder  under  the  cradle. 
Two  steel  rods  are  also  attached  to  the  horn  on  the  gun, 
and,  passing  each  side  of  the  recoil  cylinder,  are  con- 
nected with  a  spiral  spring  which  causes  the  gun  to  return 
to  the  firing  position  after  absorbing  the  recoil  energy. 
On  the  cradle  are  trunnions  which  fit  into  bearings  in  the 
sides  of  the  carriage.  The  latter  are  cast  steel,  and  are 
bolted  to  the  upper  roller  path  and  to  the  3-in.  vertical 
shield  which  forms  the  front  part  of  the  mounting.     The 


upper  roller  path  is  stamped  into  form  by  hydraulic  press- 
ure.  It  runs  on  24  rollers,  provided  with  flanges  on  the 
interior  edges,  and  kept  in  place  by  a  circular  ring,  each 
roller  working  on  to  an  axis  bolted  on  to  the  ring.  Thus 
the  resistance  offered  by  friction  is  minimized,  and  the 
training  of  the  gun  we  illustrate  can  be  effected  with  ease 
by  a  push,  although  gearing  is  provided.  Elevation  is 
obtained  by  a  hand-wheel  geared  into  the  elevating  arc 
fitted  to  the  cradle,  placed  so  that  it  can  be  used  with  the 
left  hand  while  the  eye  is  on  the  sights,  the  right  hand  on 
the  firing  pistol,  and  the  left  shoulder  pressed  against  the 
shoulder  piece,  so  that  one  man  can  train,  elevate,  fire, 
and  sight  the  gun  simultaneously. 


THE  MAXIM  FLYING  MACHINE. 


Reference  has  been  made  heretofore  to  the  flying 
machine  on  which  Mr.  Hiram  S.  Maxim,  the  inventor  of 
the  Maxim  gun,  has  been  at  work  for  some  time.  Below 
we  give  his  own  account  of  the  machine,  the  extracts  being 
from  a  long  interview  published  recently  in  the  New 
York  Sun. 

My  experiments  have  not  been  in  the  realm  of  balloon- 
ing, but  on  the  aeroplane  system — to  propel  a  plane  set  at 
an  angle  so  as  to  ride  on  the  air  as.  fast  as  the  air  yields, 
and  so  to  keep  up  an  approximately  straight  course. 

I  put  up  a  steel  column,  with  a  long  wooden  arm 
arranged  to  rotate  on  top  of  th»  column  ;  an  arm  pivoted 
to  the  column,  simply  to  swing  around  and  long  enough 
to  describe  a  circle  exactly  2oo.ft.  in  circumference.  This 
arm  was  stayed  in  every  direction  so  as  to  be  perfectly 
stiff,  and  it  was  as  sharp  as  a  knife,  so  as  to  offer  very  lit- 
tle resistance  to  the  air.  To  the  end  of  this  arm  I  attached 
what  might  be  called  a  small  flying  machine,  arranged  in 
such  a  manner  that  power  could  be  transmitted  to  the 
machine  through  the  post  and  arm. 

The  machine  had  a  steel  shaft  that  could  be  rotated  at 
any  speed,  and  was  also  provided  with  a  dynamometer,  an 
instrument  for  measuring  force.  To  this  shaft  of  the  fly- 
ing machine  were  attached  various  kinds  of  propeller 
screws — one  at  a  time — which  I  caused  to  be  rotated  at 
various  speeds.  The  apparatus  when  complete  was 
arranged  to  correctly  indicate  the  number  of  turns  per 
minute,  the  actual  push  or  propelling  force  of  the  screw 
and  the  slip  of  the  screw.  When  the  arm  was  allowed  to 
go  free  and  the  screw  was  rotated  at  a  high  speed,  the  fly- 
mg  machine  would  travel  around  the  circle  at  from  30  to 
90  miles  an  hour. 

The  machine  was  also  provided  with  a  system  of  levers 
similar  to  those  used  in  ordinary  druggist's  scales,  and  to 
this  were  attached  planes,  generally  made  of  wood  and 
arranged  in  such  a  manner  that  they  could  be  placed  at 
any  angle  above  the  horizontal.  By  carefully  measuring 
the  power  required  for  a  certain  speed  without  any  plane 
attached,  and  then  attaching  the  plane  and  running  the 
machine  at  exactly  the  same  speed,  the  difference  in  the 
force  required  tor  both  operations  indicated  the  actual 
force  required  to  propel  the  plane. 

The  apparatus  for  holding  the  plane  was  provided  with 
a  carefully  made  dynamometer,  which  measured  and  reg- 
istered the  lift  of  the  plane — the  amount  it  would  lift  when 
being  driven  through  the  air.  When  these  planes  were 
perfectly  horizontal  and  the  machine  was  allowed  to  travel 
at  a  high  velocity  nothing  was  registered,  but  if  the  front 
or  advancing  edge  of  the  plane  was  raised  slightly  above 
the  horizontal — say  i  in  30— then  it  was  found  to  have  a 
tendency  to  rise.  On  one  occasion,  when  a  plane  was 
placed  at  an  angle  of  i  in  25,  it  was  found  that  it  would 
carry  250  lbs.  to  theH.P.,  but  this  result  was  only  obtained 
on  one  occasion.  The  angle  was  so  slight  and  the  speed 
was  so  high  that  it  was  difficult  to  arrive  at  the  same  re- 
sult the  second  time  on  account  of  th^  trembling  of  the 
plane  in  the  air.  The  angle  was  accordingly  changed, 
and  nearly  all  subsequent  experiments  were  tried  with  the 
plane  placed  at  an  angle  of  i  in  14 — that  is,  that  when  the 
plane  advanced  14  ft.  it  pressed  the  air  down  i  ft.- 

In  these  experiments  it  was  found  that  with  every  pound 
|of  push  given  by  the  screw  14  lbs.  could  be  carried  by 


Vol.  LXV.  Mo.  7.] 


ENGINEERING    JOURNAL. 


299 


tlie 


plane.  The  skin  friction  on  the  screw  and  on  the 
nlane  was  so  small  as  to  be  unappreciable  ;  it  was  noth- 
,11'r  like  the  friction  of  a  screw  in  the  water.  With  the 
angle  of  i  in  14  everything  ran  smoothly,  and  experiments 
were  tried  with  all  speeds  between  20  miles  and  90  miles 
an  hour.  These  experiments  proved  that  certainly  as 
much  as  133  lbs.  could  be  carried  with  the  expense  of  i 
11. P.  These  are  the  data  I  personally  obtained,  and  which 
I  know  to  be  true.  They  do  not  depend  on  theory  at  all. 
The  small  planes  experimented  with  were  from  2  ft.  to  13 
ft.  long  and  from  6  in.  to  4  ft.  wide.  Fifty  different  forms 
of  screws  or  screw  propellers  were  used  in  conducting 

tl;ese  experiments My  large  apparatus  is  provided 

v.ith  a  plane  110  ft.  long  and  40  ft.  wide,  made  of  a  frame 
of  steel  tubes  covered  with  silk.  Other  smaller  planes  at- 
tached to  this  make  up  a  surface  of  5,500  sq.  ft.  There  is 
one  great  central  plane,  and  to  this  arc  hinged  various 
other  planes,  very  much  smaller,  which  are  nsed  for  keep- 
ing the  equilibrium  correct  and  for  keeping  the  tiying 
machine  at  a  fixed  angle  in  the  air.  The  whole  apparatus, 
including  the  steering  gear,  is  145  ft.  long.  The  machine 
is  provided  with  two  compound  engines,  each  weighing 
300  lbs.  The  steam  generator  weighs  350  lbs.  T^e 
other  things — the  casing  about  the  generator,  the  pump, 
the  steam  pipes,  the  burner,  the  propellers,  and  the  shafting 
— all  weigh  1,800  lbs.  Everytliing  is  remarkably  light,  so 
remarkably  light  that  one  grate-bar  in  a  boiler  that  gen- 
erates as  much  steam  as  mine  would  weigh  more  than  my 


whole  boiler.  It  is  made  of  copper  and  steel  brazed  with 
silver  solder.  There  are  48,000  brazed  joints  in  the  gen- 
erator, and  it  is  heated  by  45,000  gas  gets,  there  being  40 
ft,  of  grate  surface.  The  heat  thus  produced  is  perfectly 
terrific.  The  boiler  was  tested  up  to  900  lbs.  pressure,  and 
it  didn't  leak  a  drop. 

The  most  novel  feature  about  the  engine  is  the  system 
by  which  I  burn  petroleum  and  generate  steam,  Petroleum 
is  turned  into  gas,  and  then  that  is  burned  for  generating 
steam.  The  engines  have  lately  been  tried,  and  it  was 
found  that  they  gave  a  push  of  1,000  lbs.  on  the  machine, 
which  seems  to  indicate  that  'the  machine  will  carry  14,- 
000  lbs.  The  actual  amount  of  power  shown  in  useful 
effect  upon  the  machine  itself  was  120  H.P.  A  part  of  the 
Aeroplane,  or  actual  kite,  is  made  of  very  thin  metal, 
and  serves  as  a  verj'  efficient  condenser  for  the  steam. 

It  looks  much  like  a  kite  ....  indeed,  that  is  what  it  is 
—a  huge  kite,  with  the  machinery  hanging  beneath  it  from 
its  under  side.  If  it  were  in  the  air,  in  flight,  you  would 
see  a  great  sheet  of  silk  and  a  little  4)latform  under  it,  be- 
tween it  and  the  earth. 

The  machine  has  not  been  tried,  owing  to  my  absence 
from  England.  It  is  ready  and  awaiting  my  return.  It 
is  now  resting  on  a  track  12  ft.  wide  and  half  a  mile  long, 
in  my  park.  The  first  quarter  of  a  mile  of  the  track  is 
double— that  is  to  say,  the  upper  track  is  3  in.  above  the 
lower.  By  that  means  I  am  able  to  observe  and  measure 
the  lift  of  the  machine  when  it  starts,  because  the  upper 
track  will  hold  it  down  when  it  lifts  off  the  lower  one. 
When  completed  the  machine  will  weigh,  with  water  tanks 
and  fuel,  somewhere  between  5,000^  and  6,000  lbs.,  and 
the  power  at  my  disposal  will  be  300  H.P.  in  case  I  wish 
to  use  it,  but  it  is  expected  that  about  40  H.P.  will  suffice 
after  the  machine  has  once  been  started,  and  that  the  con- 
sumption of  fuel  will  be  from  40  to  50  lbs.  per  hour.  The 
machine  is  made  with  its  present  great  length  so  as  to 
give  a  man  time  to  think  ;  its  length  makes  it  easier  to 
steer  and  to  change  its  angle  in  the  air.  Its  quantity  of 
power  is  so  enormously  great  in  proportion  to  its  weight 


that  it  will  quickly  get  its  speed.  It  will  rise  in  the  air  like 
a  seagull  if  the  engine  be  run  at  full  speed  while  the 
machme  is  held  fast  to  the  track  and  if  it  is  then  suddenly 
loosened  and  let  go.  If  it  were  necessary,  it  could  mount 
right  up,  spirally,  around  and  around  in  a  circle  of  a  mile 
in  circumference,  in  its  own  country. 

It  it  proves  as  I  have  figured  it,  there  should  be  room 
for  fuel  to  carry  it  1,000  miles  ;  indeed,  it  looks  as  if  it 
might  carry  two  tons  of  fuel,  or  sufficient  to  propel  it 
across  the  ocean.  But  I  cannot  tell  about  that  ;  a  trial 
alone  will  determine  what  unforeseen  things,  not  calculated, 
will  arise.  It  will  be  possible  to  burn  200  lbs.  of  fuel  an 
hour,  but  I  figure  that  40  or  50  lbs.  will  produce  a  mod- 
erate speed,  or  for  high  speed,  100  lbs.  The  highest  speed 
i  got  on  the  small  machine  was  90  miles  an  hour,  but  I  be- 
lieve this  big  one  will  go  100  miles  an  hour. 

If  it  goes  at  all  I  shall  be  very  happy,  but  on  the  basis 
of  my  figuring  it  ought  to  be  able  to  develop  between  250 
and  300  H.P.,  and  it  ought  to  carry  9,000  lbs.,  or  1,400  lbs. 
with  its  own  weight  included.  In  warfare  it  will  not  need 
to  carry  so  very  much.  Two  men  will  be  enough — two 
men  and  a  little  dynamite — a  ton  or  a  couple  of  tons. 

As  to  wind,  the  winds  are  as  apt  to  be  favorable  as  un- 
favorable, but  at  a  certain  distance  from  the  earth  they 
cease  to  be  formidable.  You  are  always  in  a  dead  calm 
at  a  certain  distance  on  high.  Gales  are  narrow  things  ; 
they  don't  disturb  much  space.  Moreover,  their  strength 
and  speed  have  been  very  much  exaggerated  in  the  popu- 
lar mind.  Let  us  suppose  we  are  encountering  a  wmd  at 
40  miles  an  hour — a  very  unusual  speed — then  if  the 
machine  is  regulated  to  go  60  miles  an  hour,  it  will  travel 
20  miles  against  the  wind,  or  100  miles  with  it.  .  .  . 

As  to  what  it  will  do,  the  whole  world  becomes  changed 
if  it  works — the  whole  world  will  be  revolutionized  m  a 
year.  There  will  be  no  more  iron  clads,  no  more  armor 
plates,  no  more  big  guns,  no  more  fortifications,  no  more 
armies.  There  will  be  no  way  of  guarding  against  what 
this  machine  will  do. 


RAPID  TRANSIT  IN  NEW  YORK. 


The  conclusions  reached  by  the  Commission  which  has 
been  considering  the  question  of  additional  rapid  transit 
lines  in  New  York  were  finally  given  to  the  public  in  the 
following  resolutions  adopted.  These  refer  to  the  west 
side  of  the  city  only  ;  plans  for  the  east  side  were  to  be 
considered  later. 

Resolved,  That  after  a  thorough  investigation,  it  is  the 
sense  of  this  Board  that  any  additional  rapid  transit  sys- 
tem for  the  city  of  New  York  should  embrace  the  follow- 
ing essential  features  : 

1.  Thitnt  should  be  such  as  to  provide  not  only  for  pres- 
ent needs,  but  also  be  susceptible,  by  additions  and  not  by 
radical  changes  or  alterations,  of  such  expansion  as  the 
future  growth  of  the  city  may  require. 

2.  That  it  should  provide  for  express  trains  at  high  speed 
for  long  distances,  and  for  way  service  for  intermediate 
distances,  upon  separate  tracks,  so  located  as  to  facilitate 
at  proper  intervals  an  exchange  from  express  to  local  and 
from  local  to  express  trains. 

3.  That  the  surface  of  the  streets  and  avenues  in  the  city 
should  be  obstructed  to  the  least  possible  extent,  and  that 
whenever  surface  ground  is  required  private  instead  of 
public  property  should  be  used  if  practicable. 

4.  That  the  first  lines  of  railroad  to  be  constructed 
should  be  on  or  near  the  important  thoroughfares  coinci- 
dent— or  as  nearly  so  as  possible — with  the  main  arteries 
of  travel. 

Resolved,  That  as  meeting  these  requirements  in  the 
manner  most  feasible  for  the  west  side  of  the  city,  this 
Board  hereby  approves  of  a  plan  for  an  underground  four- 
track  railroad  under  Broadway  from  a  point  at  or  near 
South  Ferry  to  59th  Street ;  thence  under  the  Boulevard  to 
a  point  at  or  near  169th  Street,  with  such  length  of  viaduct 
at  and  near  Manhattan  Street  as  may  be  necessary  ;  thence 
under  Eleventh  Avenue,  or  under  private  property  imme- 
diately to  the  west  thereof,  as  may  be  found  most  con- 
venient to  such  point  as  the  contour  of  the  ground  may 
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determine  ;  thence  by  viaduct  across  Spu)rten  Duyvil 
Creek,  and  by  tunnel  or  by  viaduct  to  the  city  limits. 

Resolved^  That  the  general  plan  of  construction  from, 
at  or  near  South  Ferry  to  near  42d  Street  shall  be  either  by 
double-decked  tunnel,  with  two  tracks  upon  each  deck  or 
four  tracks  on  the  same  level,  as  may  be  found  upon  ex- 
amination or  survey  most  expedient  ;  the  hole  to  be  at  such 
depth  below  the  curb  line  as  not  to  disturb  the  surface  or 
endanger  building  foundations  ;  from  near  42d  Street  north 
to  be  four  parallel  tracks  upon  the  same  level  ;  as  near  the 
surface  of  the  street  as  practicable  when  in  tunnel,  but  not 
in  open  cut  at  any  point. 

Resolved^  That  the  stations  for  such  line  of  railroad  shall 
be  upon  property  acquired  for  the  purpose,  and  shall  be 
provided  with  ample  elevator  capacity  wherever  the  plat- 
forms shall  be  20  ft.  or  more  below  the  curb  line. 

Resolved,  That  the  motive  power  for  such  railroad  shall 
he  electricity  or  some  other  power  not  requiring  combus- 
tion within  the  tunnel. 

Resolved,  That  the  engineers  of  the  Board  be  and  are 
hereby  instructed  to  make  the  necessary  surveys  and  pre- 
pare in  detail  the  plans  and  specifications  for  such  railway, 
and  submit  the  same  promptly  to  this  Board  for  its  further 
action  in  finally  determining  a  general  plan  for  submission 
to  the  Common  Council  in  accordance  with  the  provisions 
of  the  Rapid  Transit  act  of  January  31,  1891. 


A  NEW  EXPRESS  LOCOMOTIVE. 


The  accompanying  illustration  is  from  a  photograph 
of  a  new  passenger  locomotive  recently  completed  at  the 
shops  of  the  Morris  &  Essex  Division  of  the  Delaware, 
Lackawanna  &  Western  Railroad  at  Kingsland,  N.  J. 
The  engine  was  built  from  the  designs  of  Mr.  W.  H. 
Lewis,  Master  Mechanic  of  the  Division,  and  under  his 
supervision. 

The  work  done  by  the  passenger  engines  on  this  road  is 
excellent,  and  not  by  any  means  easy.  On  the  through  or 
express  trains  they  must  keep  up  a  high  speed  over  a  line 
having  numerous  curves  and  some  very  steep  grades, 
while  on  the  local  trains  they  have  to  haul  frequently  8  and 
10  cars,  with  stops  at  intervals  of  one  or  two  miles. 

The  engine  shown  is  of  the  eight-wheel  type,  and  burns 
anthracite  coal.  It  is  now  regularly  at  work  in  express 
service. 

The  boiler  is  of  steel  throughout,  and  is  54  in.  in 
diameter  at  the  smallest  course.  The  barrel,  outside  fire- 
box and  back  sheets  are  ^V  in.  thick  ;  the  smoke-box  and 
smoke-box  tube-plate  are^  in.  There  are  200  tubes,  2  in. 
diameter  and  11  ft.  sf  in.  long.  The  fire-box  is  10  ft.  long 
and  42  in.  wide  inside  ;  the  side,  back  and  front  sheets 
are  j\  in.  thick,  the  crown-sheet  |  in.  and  the  tube-sheet 
\  in.  The  grate  area  is  35  sq.  ft.  The  heating  surface 
is:  Fire-box.  137  sq.  ft.;  tubes,  1,200  sq.  ft.  ;  total,  1,337 
sq.  ft.  It  will  be  seen  that  Mr.  Lewis  does  not  use  the  ex- 
tended smoke-box. 

The  driving-wheels  are  69  in.  outside  diameter,  the  cen- 
ters being  62  in.  and  the  tires  3A  in.  thick.  The  driving- 
axles  are  of  steel  and  have  journals  8  in.  in  diameter  and 
9*  in.  long.  The  driving  boxes  have  hangers  for  under- 
hung springs.  The  truck  wheels  are  33  in.  in  diameter. 
The  drivers  are  8  ft.  apart  between  centers,  and  the  total 
wheel-base  of  the  engine  is  22  ft.  4^  in. 

The  cylinders  are  18^  in.  in  diameter  and  24  in.  stroke. 
The  Richardson-Allen  valve  is  used.  The  guides  are  of 
the  Dean  pattern,  as  shown  by  the  engraving. 

The  engine  has  the  Westinghouse  improved  automatic 
driver  and  tender  brake  ;  it  is  equipped  with  the  Rushforth 
feed-water  heater  and  circulator  and  has  two  No,  9  monitor 
injectors.  It  is  also  provided  with  steam  heating  attach- 
ments. 

The  tender  is  carried  on  eight  36-in.  wheels  ;  the  tank 
has  a  capacity  of  3,200  gallons,  and  the  coal  box  will  carry 
four  tons  of  coal.  The  weight  of  the  tender,  empty,  is 
32,460  lbs.  The  total  wheel-base  of  engine  and  tender  is 
47  ft.  6^  in. 

The  weight  of  the  engine  in  working  order  is  106,000 
lbs.,  of  which  74,455  lbs.  are  carried  on  the  driving-wheels, 
and  31,545  lbs.  on  the  truck. 


SUNDIALS  FOR  LOW  LATITUDES. 


By  George  L.  Cumine,  C.E. 


The  design  of  a  dial  for  any  given  latitude  must  be  based 
on  a  knowledge  of  the  relative  positions  of  the  sun  and  the 
earth  throughout  the  year  ;  that  knowledge  possessed,  de- 
signing a  dial  is  a  process  of  simple  projection,  like  the 
preparation  of  an  ordinary  working  drawing  in  elevation 
and  plan  ;  and  the  accuracy  of  the  more  important  dimen- 
sions can  be  checked  by  means  of  equally  simple  processes 
in  plane  trigonometry. 

Figs.  I  and  2  are  respectively  an  elevation  and  plan  of 
the  plane  in  which  the  earth  makes  its  annual  circuit  (in 
the  hgwrts  proportion  is  necessarily  disregarded)  ;  5  rep- 
resents the  sun  ;  in  fig.  i  the  earth  appears  at  midwinter 
and  midsummer,  when  the  axis  P  /*— about  which  it 
makes  its  daily  revoU'ition — lies  in  a  plane  bisecting  the  sun 


and  perpendicular  to  the  plane  of  annual  circuit ;  at  these 
periods  the  angle  £"  O  T  =  23°  27'— approximately— and 
is  at  its  maximum  ;  obviously  at  all  other  times  it  is  less, 
and  in  the  two  other  p>ositions  shown  in  fig.  2  it  becomes 
zero,  the  equatorial  plane  E  E  coinciding  with  the  line 
5  O.  ^<  ^  •  ■ 

The  two  circles  T,  T',  each  in  latitude  23°  27',  limit  the 
tropics  within  which  all  parts  of  the  earth's  surface  are  in 
turn  subjected  to  vertical  rays  from  the  sun  ;  thus  in  fig.  i 
the  sun's  rays  strike  vertically  on  one  limit  of  the  tropics 
in  the  left-hand  view  of  earth,  and  on  the  other  limit  in 
the  right-hand  view. 

An  ordinary  sundial  consists  of  a  triangular  plate- 
called  the  "  style"  or  "  gnomon"— set  in  a  vertical  plane, 
with  its  upper  edge  parallel  to  the  earth's  axis,  and  a  plane 
face,  to  which  the  style  is  rigidly  attached,  so  graduated 
that  the  shadows  successively  cast  by  the  upper  edge  of 
the  style  on  the  graduations  indicate  solar  time.  The  cor- 
rections by  which  "  solar  time"  may  be  reduced  to  "  mean 
time,"  or  that  in  every-day  use,  are  to  be  found  in  almost 
every  almanac,  frequently  appearing  under  the  headings 
"  sun  slow"  and  "  sun  fast."  On  the  angle  made  by  the 
dial  face  with  the  horizon,  and  the  relative  sizes  of  the 
style  and  face,  depends  the  suitability  of  the  dial  to  its 
position,  while  the  truth  of  its  indications  is  a  result  not 
only  of  precisely  correct  construction  and  graduation,  but 
of  correct  setting  of  the  whole  dial  in  position. 

Suppose  a  dial  to  be  required  for  latitude  5°  N.  In  fig. 
3,  as  before,  P  P  represents  the  earth's  axis  and  E  E  the 
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,!  termine  ;    thence   by   viaduct  across    Spuyten    Duyvil 
('■.;ek,  .ind  by  tunnel  or  by  viaduct  to  the  city  Hmits. 
\\-so/v^i/.  Thai  the  general  plan  of  construction  from. 

.;  of  near  South  Ferry  to  near  42d  Street  shall  be  either  by 
,'  Lihle-decked  tunnel,  with  two  tracks  upon  each  deck  or 
!  ur  tracks  on  the  same  level,  as  may  be  found  upon  ex- 
,  liination  or  survey  most  expedient  ;  the  hole  to  be  at  such 

'  j>th  below  the  curb  line  as  not  to  disturb  the  surface  or 
(luianger  building  foundations  ;  from  near  42d  Street  north 
to  !)e  four  parallel  tracks  upon  the  same  level  ;  as  near  the 
surface  of  the  street  as  practicable  when  in  tunnel,  but  not 
ii>  open  cut  at  any  point. 

Resolved,  That  the  stations  for  such  line  of  railroad  shall 
;.«  upon  property  acquired  for  the  purpose,  and  shall  be 
;.iovided  with  ample  elevator  capacity  wherever  the  plat- 

.rms  shall  be  20  ft.  or  more  below  the  curb  line. 
I'csolved,  That  the  motive  power  for  such  railroad  shall 

ts  electricity  or  some  other  power  not  requiring  combus- 

jon  within  the  tunnel. 

Resolved,  That  the  engineers  of  the  Board  be  and  are 
iiereby  instructed  to  make  the  necessary  surveys  and  pre- 
pare in  detail  the  plans  and  specifications  for  such  railway, 
ind  submit  the  same  promptly  to  .this  Board  for  its  further 

iction  in  finally  determining  a  general  plan  for  submission 
to  the  Common  Council  in  accordance  with  the  provisions 
of  the  Kapiil  Transit  act  of  January  31,  1891.     .'^-;^:..    ..:•.;; 


.^A  NEW  EXPRESS  LOCOMOTIVE. 


TiiR  accompanying  illustration  is  from  a  photograph 
of  a  new  passenger  locomotive  recently  completed  at  the 
shops  of  the  Morris  &  Essex  Division  of  the  Delaware, 
Lackawanna  &  Western  Railroad  at  Kingsland,  N.  J. 
The  engine  was  built  from  the  desi^'ns  of  Mr.  W.  \\. 
Lewis.  Master  Mechanic  of  the  Division,  ant!  under  his 
supervision. 

The  work  done  by  the  passenger  engines  on  this  road  is 
t'xcellent,  and  not  by  any  means  easy.  On  the  through  or 
express  trains  they  must  keep  up  a  high  speed  over  a  line 
having  numerous  curves  and  some  very  steep  grades, 
while  on  the  local  trains  they  have  to  haul  frequently  8  and 
\o  cars,  with  stops  at  intervals  of  one  or  two  miles. 

The  engine  shown  is  of  the  eight-wheei  type,  and  burns 
anthracite  coaL-^It  is  now  regularly  at  work  in  express 
service.  f    \ 

The  boiler  lis  of  steel  throughout,  and  is  54  in.  in 
diameter  at  the  smallest  course.  The  barrel,  outside  fire- 
box and  back  sheets  are  {\.  in.  thick  ;  the  smoke-box  and 
smoke-b'px  tube-plate  are  ^  in.  There  are  200  tubes,  2  in. 
diameter  and  11  ft.  54  in.  long.  The  fire-box  is  10  ft.  long 
and  42  in.  wide  inside  ;  the  side,  back  and  front  sheets 
are  ,',.  in.  thick,  the  crown-sheet  %  in.  and  the  tube-sheet 
\  in.  The  grate  area  is  35  S(\.  ft.  The  heating  surface 
is:  Fire-box,  137  scj.  ft.;  tubes,  1,200  sq.  ft.  ;  total,  1,337 
sq.  ft.  It  will  be  seen  that  Mr.  Lewis  does  not  use  the  ex- 
tended smoke-box. 

The  driving-wheels  are  69  in.  outside  diameter,  the  cen- 
ters being  62  in.  and  the  tires  3:.  in.  thick.  The  driving- 
axles  are  of  steel  and  have  journals  8  in.  in  diameter  and 
9*  in.  long.  The  driving  boxes  have  hangers  for  under- 
hung springs.  The  truck  wheels  are  '^t,  in.  in  diameter. 
The  drivers  are  8  ft.  apart  between  centers,  and  the  total 
wheel-base  of  the  engine  is  22  ft.  41  in.    '...."  -•-■>■■•' 

The  cylinders  are  181  in.  in  diameter  and  24  in.  stroke. 
The  Richardson-Allen  valve  is  used.  The  guides  are  of 
the  Dean  pattern,  as  shown  by  the  engraving. 

The  engine  has  the  Westinghouse  improved  automatic 
driver  and  tender  brake  ;  it  is  equipped  with  the  Rushforth 
feed- water  heater  and  circulator  and  has  two  No.  9  monitor 
injectors.  It  is  also  provided  with  steam  heating  attach- 
ments. 

The  tender  is  carried  on  eight  36-in.  wheels  ;  the  tank 
has  a  capacity  of  3.200  gallons,  and  the  coal  box  will  carry 
four  tons  of  coal.  The  weight  of  the  tender,  empty,  is 
32,460  lbs.     The  total  wheel-base  of  engine  and  tender  is 

47^ft.  61  in.  ;:v:.-;^v  :.-':■'"■■'■:■■. ^■:- ■'■■:' '■':::_  \-.<:''"- -.::■■' --'C.ay 

The  weight  of  the  engine  in  working  order  iis  106,066 
lbs.,  of  which  74.455  lbs.  are  carried  on  the  driving-wheels, 
^"^  31.545  lbs.  on  the  truck.  ^  -.  •.:-;^  >^ 


SUNDIALS  FOR  LOW  LATITUDES. 


Bv  George  L.  Cumine,  C.E.-  ;' 


The  design  of  a  dial  for  any  given  latitude  must  be  based 
on  a  knowledge  of  the  relative  positions  of  the  sun  and  the 
earth  throughout  the  year  ;  that  knowledge  possessed,  de- 
signing a  dial  is  a  proccs'i  of  simple  projection,  like  the 
preparation  of  an  ordinary  workmg  drawing  in  elevation 
and  plan  ;  and  the  accuracy  of  the  more  important  dimen 
sions  can  be  checked  by  means  of  equally  simple  processes 
in  plane  trigonometry. 

Figs.  I  and  2  are  respectively  an  elevation  and  plan  of 
the  plane  in  which  the  earth  makes  its  annual  circuit  (in 
the  figures  />ropor//<>n  is  necessarily  disregarded)  ;  5  rep- 
resents the  sun  ;  in  fig.  i  the  earth  appears  at  midwinter 
and  midsummer,  when  the  axis  P  /^— about  which  it 
makes  its  daily  revolution— lies  in  a  plane  bisecting  the  sun 
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and  perpendicular  to  the  plane  of  annual  circuit  ;  at  these 
periods  the  angle  E  O  T  —  2^  27 —approximately-  and 
is  at  its  maximum  ;  obviously  at  all  other  times  it  is  less, 
and  in  the  two  other  positions  shown  in  fig.  2  it  becomes 
zero,  the  equatorial  plane  E  E  coinciding  with  the  line 
SO. 

The  two  circles  T,  T',  each  in  latitude  23°  27  ,  limit  the 
tropics  within  which  all  parts  of  the  earth's  surface  are  in 
turn  subjected  to  vertical  rays  from  the  sun  ;  thus  in  fig.  i 
the  sun's  rays  strike  vertically  on  one  limit  of  the  tropics 
in  the  left-hand  view  of  earth,  and  on  the  other  limit  in 
the  right  hand  view. 

An  ordinary  sundial  consists  of  a  triangular  plate — 
called  the  "  style"  or  "  gnomon"— set  in  a  vertical  plane, 
with  its  upper  edge  parallel  to  the  earth's  axis,  and  a  plane 
face,  to  which  the  style  is  rigidly  attached,  so  graduated 
that  the  shadows  successively  cast  by  the  upper  edge  of 
the  style  on  the  graduations  indicate  solar  time.  The  cor- 
rections by  which  *'  solar  time*  may  be  reduced  to  "  mean 
time,"  or  that  in  every -day  use,  are  to  be  found  in  almost 
every  almanac,  frequently  appearing  under  the  headings 
*'  sun  slow"  and  '  sun  fast."  On  the  angle  made  by  the 
dial  face  with  the  horizon,  and  the  relative  sizes  of  the 
stvle  and  face,  depends  the  suitaliility  of  the  dial  to  its 
position,  while  the  truth  of  its  indicatfons  is  a  result  n6x. 
only  of  precisely  correct  construction  and  graduation,  but 
of  correct  setting  of  the  whole  dial  in  position. 

Suppose  a  dial  to  be  required  for  latitude  5°  N.  In  fig. 
3,  as  before,  P  P  represents  the  earth's  axis  and  E  E  the 
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equatorial  plane  ;  O  Z  is  the  vertical  passing  through  the 
point  at  which  the  dial  is  to  be  set,  and  making  an  angle 
with  E  E  oi  s°'  H  H  perpendicular  to  O  Z  is  the  horizon- 
tal. Draw  A  B  parallel  \.o  P  P  X.o  represent  the  upper 
edge  of  the  style.  Draw  0  S,  0  S\  making  the  angles 
E  O  S,  E  O  S'  each  equal  to  23°  27',  so  that  5'  5  represents 
the  extreme  northern  and  southern  positions  of  the  sun  ; 
plainly,  a  dial  face  set  so  near  the  vertical  as  to  stand  in- 
side the  angle  SOS'  will,  during  a  part  of  the  year,  have 
the  sun  on  its  back,  its  face  in  shadow  and  consequently 
be  for  a  time  useless.  Again,  a  little  consideration  will 
show  that  a  horizontal  dial  face  will  be  so  nearly  parallel 
to  the  style-edge  that  the  style  will  be  diminutive,  casting 
disproportionately  small  shadows  for  three  hours  each  way 
from  noon.  Therefore,  draw  B  D,  making  an  angle  of 
24°  with  E  E,  to  represent  a  dial  face  as  nearly  vertical  as 
is  consistent  with  daily  illumination  throughout  the  year  ; 
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the  length  of  the  ia.ce,BZ>.  should  be  at  least  such  that  S  O 
cuts  D,  when  A  lies  in  S  O,  as  in  the  igure.  Now  erase 
all  lines  and  marks  but  D  B,  B  A,  and  retaining  the  rela- 
tive proportions  and  positions  of  these,  produce  them  to 
fit  a  good  working  scale,  say  full,  or,  for  a  large  dial,  half- 
size.  Draw  A  C  perpendicular  (this  is  customary  and 
convenient,  but  not  necessary)  Xo  B  D s  then  A  C Bis  the 
style.  Now  project  the  inverted  view,  fig.  4,  and  produce 
one  side  oi  A  Cto  K,  projected  from  where,  in  fig.  ^,  A  K 
perpendicular  to  A  B  intersects  B  D  produced.  Divide 
the  quadrant  K  A  Q,  fig.  4,  into  six  equal  angles  of  15° 
each,  the  dividing  lines  being  extended  to  cut  A' A' at  i,  2, 
3,  4.  5  ;  notice  that  these  lines  represent  hourly  shadows, 
as  the  earth  makes  one  quarter-revolution.  Now  project 
— again  from  fig.  3 — the  plan  shown  in  fig. .5  ;  producing 
^  Cto  A' and  laying  off,  perpendicular  to  C  K,  the  dis- 
tances K  \ ,  K  2,  K  I,  K \,  K  s  obtained  from  fig.  4  ;  draw 
radiating  lines  connecting  these  points  with  B,  when  half 
the  dial-face  will  be  divided  for  five  hours  from  noon.  If, 
now,  a  parallel  line  to  B  Kh^  drawn,  distant  from  it  the 
thickness  of  the  style,  five  hours  on  the  other  side  of  noon 
may  be  similarly  laid  off  from  the  wcwly  found  point  K  z, 


Finally,  a  perpendicular  to  B  K,  drawn  through  B,  will 
give  the  six  o'clock  lines,  morning  and  evening.  The  hours 
may  be  subdivided  as  much  as  desired  in  a  similar  man- 
ner ;  thus,  for  quarter  hours,  the  quadrant  in  fig.  4  would 


be  divided  into  arcs  of 
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=  3°  45'  each. 


6x4 

Practically,  for  a  large  dial,  it  is  best  to  compute  the 
distances  necessary  "for  graduation  and  lay  them  carefully 
out  to  scale.  The  formulae  are,  calling  the  style — angle 
C  B  Aivi  fig.  z—B  : 

A  K  —  tan.  B  X  A  B.  B  K=  sec.  B  x  A  B. 

K\  =  tan.   15°  X  ^  ^' 

Ka  =  tan.  (15  x  a.)°  x  A  K. 

K  5  =  tan.  75°  xAK, 

The  division  lines  having  been  laid  down  full  size  on  a 
sheet  of  paper,  a  line  parallel  to  and  an  inch  or  more  in- 
side of  the  intended  edge  of  the  dial-face  may  be  drawn 
and  the  divisions  pricked  through  thereon.  Notice  that 
while  this  sheet  must  be  full  size,  the  projections— itill 
necessary  for  determining  the  arrangement  and  propor- 
tions of  the  dial — may  be  to  any  convenient  scale. 

In  construction  care  must  be  taken  to  fix  the  style  exactly 
perpendicular  to  and  with  its  indicating  edge  at  the  proper 


V,<J?f,  3*48'.  S   b 


Fig.  6. 

angle  with  the  dial-face.  And  in  setting  a  dial  the  six 
hours'  line  must  be  levelled,  the  face  put  at  the  proper 
angle  with  the  horizontal,  turned  southward  in  north 
latitude,  and  vice  versa,  and  thi  plane  in  which  the  style 
lies  must  be  truly  north  and  south. 

The  dial-face  illustrated  in  fig.  6  is  designed  to  make  an 
angle  of  45°  with  the  horizon  in  latitude  3°  50'  south  ;  the 
lessening  of  the  hour-angles  toward  noon  would  be  much 
more  conspicuous  in  a  horizontal  dial,  while  it  would  be 
imperceptible  in  one  making  only  21°  with  the  vertical, 
which  would  be  the  steepest  pitch  practicable  in  this  case. 
In  fig.  3  the  dial-face  makes  an  angle  of  24°  with  E  E,  and 
consequently  of  19°  with  the  vertical,  the  latitude  being  5°. 

Within  the  tropics  the  minimum  admissible  angle  for 
a  dial-face  to  make  with  the  vertical  is  23°  27'  minus  the 
latitude. 

Adaptations  of  figs.  3,  4^and  5  will  serve  to  ascertain  the 
best  arrangement  of  dial  for  any  latitude.  It  must  be 
understood  that  the  account  given  above  of  the  motion  and 
inclination  of  the  earth,  although  correct,  is  not  precise  ; 
as  a  matter  of  fact  the  obliquity  of  the  ecliptic,  given 
above  as  23°  27',  is  continually  changing,  its  present  rate 
of  annual  diminution  being  rather  less  than  half  a  second. 

Wooden  sundials  are  liable  to  warp  ;  stone  and  metal 
ones  require  special  appliances  not  always  available  for 
their  manufacture.  Where  cement  can  be  had  excellent 
dials  can  be  moulded,  care  being  required,  however,  not 
to  use  a  dry  wood  mould,  otherwise  it  will  absorb  the 
water  from  the  cement,  becoming  warped  itself  and  leav- 
ing the  cement  with  a  crumbling  surface.  The  mould,  if 
of  timber,  should  be  thoroughly  soaked  before  being  filled, 
and  then,  if  Portland  cement  is  used,  re-immersed  in 
water,  as  the  cement  sets  best  when  kept  wet.  A  graceful 
and  lasting  monolith  can  be  produced  in  this  manner, 
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EXPERIMENTS  WITH  A  STEEL  CRANK  SHAFT. 


^  Paper  by  H.  A. 


Ivatt,  before  the  Institute  of  Civil  Engineers  of  Ireland 
published  in  the  Practical  Engineer.) 


Almost  all  failures  of  steel  axles  begin  with  a  crack, 
and  it  is  well  known  that  a  crack  once  started  in  a  steel 
axle  will  continue  to  extend — if  the  axle  be  kept  at  work — 
until  it  finally  goes  right  through  ;  that  is,  until  the  axle 
breaks  ;  and  interesting  questions  arise  as  to  the  original 
cause  of  the  crack  or  flaw,  as  to  the  method  or  frequency 
of  examination  ;  also,  perhaps,  the  question  may  arise  as 
to  whether  a  given  crack  is  sufficient  to  condemn  an  axle. 
V^arious  methods  of  strengthening  axles  have  been  pro- 
posed, the  one  most  generally  adopted  being  that  known  as 
hooping,  which,  as  the  term  implies,  is  done  by  shrinking 
wrought-iron  hoops  over  each  of  the  sweeps  or  throws  of  the 
crank.  The  author  believes  that  there  would  be  prac- 
tically no  limit  to  the  life  of  a  steel  crank  axle,  of  proper 
dimensions,  if  it  could  be  kept  from  developing  a  crack. 


crank  axle  of  about  182  foot-pounds.  The  chains  in  which 
the  axle  hung  were  about  2  ft,  6  in.  long,  and  the  axle 
weighed  2,016  lbs.  The  blows  averaged  about  3.6  per 
minute,  the  effect  being  to  keep  the  axle  in  a  state  of  vibra- 
tion, and  the  end  of  the  axle  finally  dropped  off  where 
marked  B  after  645,300  blows  had  been  delivered.  The 
axle  used  in  this  experiment  was  forged  by  Messrs.  Vick- 
ers,  of  their  best  steel,  and  finished  at  Inchicore.  The  fol- 
lowing are  its  leading  dimensions  : 

Diameter  at  wheel  seats... 

Diameter  of  bearings 

Diameter  of  crank-pin  bearings.......; - 

Thickness  of  outside  webs .\  ................ . 

Thickness  of  inside  webs ..•»:*'»<>x««*irift •*.«•*•«»«• 

Diameter  of  axle  between  cranks 7     >n. 

Length  of  stroke •   24    iB. 

It  was  at  work  under  a  six-wheeled  coupled  yard  engine, 
having  wheels  of  4  ft.  6  in.  diameter  and  had  run  some 
176,327  miles.  The  axle  was  found  to  be  cracked  at  ^  on 
being  subjected  to  the  usual  examination  when  the  engine 

was  under  repair      '~ 


•^  ♦•-••>*  %^.**«»*»p  •*•'•*  ♦^•••^» 


8  ^in. 

7     «■• 

7     im. 

4  I  in. 

.  5     in- 


sequence   of   the 
was   condemned 


In  con- 
crack  it 
and  re- 
placed by  a  new  axle.  The 
crack  extended  about  4  in. 
along  the  fillet  of  the  crank- 
pin,  and  was  then  probably 
about  \  in.  or  f  m.  deep, 
and  no  other  crack  was  vis- 
ible at  that  time.  It  will 
be  noticed  that  this  crack 
at  A  is  not  the  place  where 
the  axle  afterward  broke. 

The  crack  at  B,  where 
the  breakage  eventually 
took  place,  began  to  show 
about  three  or  four  months 
after  the  experiment  com- 
menced, or  after  the  axle 
had  received  some  180,000 
blows.  The  crack  at  C 
was  discovered  about  two 
months  before  the  end  of 
the  axle  dropped  off.  The 
original  crack  extended 
about  \  in.  during  the  first 
three  weeks  of  the  experi- 
ment and  about  \  in.  dur- 
ing the  next  four  weeks  ; 
it  then  remained  about  the 
same  for  some  months, 
and  the  principal  action 
then  seemed  to  go  on  in 
crack   B.     After  the   axle 

This  is  rather  like  asserting  that  a  man  might  be  expected  i  had  broken  at  B  by  vibration,  it  was  forcibly  broken 
to  live  a  very  long  time  if  he  never  contracted  any  disease.  !  through  cracks  A  and  C,  and  the  shaded  parts  on 
But  what  is  meant  is  that  the  weak  point  about  steel  crank  1  figs.  2  and  3  show  the  extent  to  which  these  cracks  had 
axles  is  their  liability  to  start  a  crack,  and  a  crack  once  '  grown.  The  state  of  vibration  into  which  the  axle  was 
started  is  practically  impossible  to  stop  ;  if  any  method  |  thrown  by  the  blows  on  the  end  was  evidently  more  try- 
could  be  devised  whereby  the  starting  of  a  crack  could  6e  ing,  at  any  rate  in  the  direction  of  developing  cracks,  than 
prevented,  then  the  life  of  the  axle  would  be  indefinitely      the  strains  to  which  it  was  subjected  when  at  work.     The 


prolonged.  There  is  no  doubt  that  if  the  crack  could  be 
seen  directly  it  commenced,  and  could  be  at  once  cut  out, 
the  axle — although  weakened  in  sectional  area  oy  the  cut- 
ting out — would  last  much  longer  than  it  would  have  done 
if  the  crack  had  been  allowed  to  go  on.  Steel  being  homo- 
geneous, there  is  nothing  in  the  formation  of  the  material 
to  arrest  a  crack,  but  the  crack  goes  on  just  as  it  does  in  a 
sheet  of  glass  or  a  lamp  globe.  The  author,  believing 
that  vibration  alone  would  cause  a  crack  in  a  steel  axle 


axle  was  suspended,  and  the  blow  was  not  sufficiently 
severe  to  cause  any  undue  strain  ;  probably  the  actual 
strain  on  the  material  in  the  neighborhood  of  the  cracks 
caused  by  the  blow  itself  (apart  from  the  resulting  vibra- 
tion) was  very  far  short  of  the  strain  to  which  it  would 
have  been  subjected  at  every  revolution  if  it  had  been  at 
work  under  the  engine.  When  at  work  the  axle  carried  a 
load  of  about  six  tons  on  each  bearing,  and  had  to  trans- 
mit the  work  done  by  a  pair  of  i8-in.  cylinders,  with  a 


to  extend  quite  as  rapidly  as  it  would  under  the  strains  due  steam  pressure  of  140  lbs.  It  had  also  to  withstand  the 
to  ordinary  working,  tried  the  following  experiment :  A  pinching  action  which  takes  place  between  the  rails  and 
steel  crank  axle,  which  had  been  withdrawn  from  service  ;  flanges,    particularly  on    curves,    and    which    action    is 


on  account  of  a  crack  —more  fully  described  below — was 
suspended  by  sling-chains  round  the  crank-pin  bearings, 
and  in  this  position  was  subjected  to  blows  on  the  end  from 
a  hanging  weight,  as  shown  in  fig,  i.  The  weight  was  365 
lbs.,  and  was  hung  on  a  lever  about  3  ft.  long.  The  lever 
v/as  drawn  back  and  let  go  by  means  of  a  cam,  worked 


specially  severe  on  a  crank  axle  ;  and  yet  the  author  be- 
lieves that  if  this  axle  had  been  allowed  to  continue  at  work 
it  would  not  have  broken  in  so  short  a  time  as  it  did  under 
the  treatment  it  received  in  the  experiment. 

The  axle— as  mentioned    above — broke  after   645,300 
blows,  which  took  2,673  hours  to  deliver — that  is,  the  ex- 


frpin  the  shop  shafting,  and  gave  a  blow  on  the  end  of  the     periment  lasted  about  one  year,  at  the  rate  of  ordinary 
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shop  hours  of  54  per  week.  If  the  axle  had  been  at  work, 
it  would  have  run  some  20,000  miles  during  12  months 
on  the  kind  of  work  at  which  the  engine  was  employed, 
and  in  that  time  the  axle  would  have  made  nearly  7,500,- 
000  revolutions.  It  is  believed  that  the  effect  of  the  vibra- 
tions resulting  from  each  blow  was  much  more  severe  on 
the  axle  than  the  injury  it  would  receive  from  each  revolu- 
tion if  at  work.  If  we  assume  that  each  blow  in  the  ex- 
periment only  affected  the  axle  to  the  same  extent  as  each 
revolution  would  have  affected  it,  then  if  allowed  to  go  on 
working  it  would  have  broken  after  645,300  more  revolu- 
tions, or  less  than  an  additional  1,500  miles.  It  is  difficult 
to  speak  with  any  certainty  upon  the  subject,  and  it  is  of 
course  impossible  to  test  the  same  axle  to  destruction  by 
each  of  two  different  methods,  but  a  considerable  experi- 
ence in  flaws  developed  by  crank  axles  leads  the  author  to 
believe  that  this  particular  axle  would  have  run  many  more 
miles  than  1,500  before  it  broke  at  the  crack  Jl,  and  the 
experiment  seems  to  show  that  the  effect  of  vibration  is 
more  trying  to  a  steel  axle — particularly  in  the  direction  of 
starting  or  extending  cracks— than  the  ordinary  working 
strains.  In  order  to  ascertain  whether  the  material  near 
the  cracks  was  of  good  quality,  test  pieces  were  cut  from 
the  crank  sweep  ;  these  gave  a  tensile  strain  of  24.4  tons 
per  square  inch,  with  36  per  cent,  of  elongation  in  8  in., 
showmg  that  the  steel  was  soft  and  good,  and  that  it  had 
not  suffered  from  the  vibration  to  which  it  had  been  sub- 
jected. 

The  author  does  not  believe  that  steel  axles  change  or 
become  crystallized  under  long-continued  vibration  ;  hence 
the  remark  above  as  to  the  life  of  an  axle  being  indefinitely 
prolonged  if  the  starting  of  cracks  could  be  prevented.  The 
result  given  by  the  test  pieces^  cut  from  near  the  worst  crack 
in  the  axle  experimented  upon,  indicjites  that  no  change 
had  taken  place  ;  and  a  comparison  of  the  fracture  of  a 
steel  crank  axle  which  has  run  a  great  many  miles  with 
that  of  one  which  has  done  very  little  work  will  reveal  no 
difference  in  the  appearance  of  the  material  ;  but  if  we  ex- 
amine the  fracture  of  a  wrought-iron  axle  which  has  been 
at  work  for  some  years,  we  shall  probably  find  a  great 
deal  of  the  fractured  surface  covered  with  large  crystals  ; 
but  this  does  not  prove  that  the  crystals  were  not  there 
when  the  axle  was  new. 

Following  up  this  subject,  fig.  4  shows  the  result  of 
wedging  open  the  sweeps  of  another  steel  crank  axle,  of 
*  the  same  material  and  by  the  same  makes,  which  had  been 
removed  from  work  after  running  207,400  miles  in  conse- 
quence of  a  crack  developing  at  A.  The  arrangement  of 
wedge  and^  tup  used  is  shown  in  the  sketch.  The  tup 
weighed  i?568  lbs.,  and  had  a  fall  of  32  ft.  The  crack  in 
this  case  was  only  f  in.  long  and  ^  in.  deep,  and  yet  the 
crank  in  which  the  crack  was  broke  right  off  at  the  first 
blow  ;  while  the  other  crank  on  the  same  axle  stood  ten 
blows  and  opened  7  in. — as  shown  in  fig.  4 — without 
breaking,  showing  that  the  material  was  wonderfully 
sound  and  tough,  and  had  in  no  way  suffered  by  the  work 
it  had  ilone  in  running  207,400  miles. 

It  is  difficult  to  account  for  the  commencement  of  a  crack 
in  a  steel  axle.  No  doubt,  an  air  bubble  in  the  ingot  from 
which  the  axle  was  forged  would  account  for  a  crack  ;  but 
it  is  possible  that  cracks  may  start  from  less  obvious  causes 
than  air  bubbles  or  other  defects  in  the  original  ingots. 
It  may  be  that  a  scr-atch  from  a  file  or  lathe  tool,  or  from 
a  piece  of  grit  in  the  bearing,  is  sometimes  sufficient  to 
start  a  crack,  in  the  same  way  that  a  diamond  starts  a 
crack  in  a  sheet  of  glass.  That  this  may  be  so  seems  at 
least  possible,  when  we  consider  that,  in  cutting  out  a 
crack,  if  the  smallest  part  of  the  crack  be  left  it  will  grad- 
ually increase  and  extend  ;  and  an  injury  to  the  skin  of  the 
metal,  such  as  is  called  a  scratch,  may,  under  certain  con- 
ditions, be  in  the  form  of  an  incipient  crack.  In  cutting 
glass  with  a  diamond,  the  cut  made  when  the  diamond  is 
properly  held  is  really  the  crack  and  not  a  scratch  ;  it  is, 
in  other  words,  a  forcing  apart  of  the  material,  leaving  an 
unfinished  tear,  which  is  ready  to  extend  right  through 
when  strained  sufficiently. 

The  author  regrets  that  his  experiment  does  not  do  more 
than  help  to  show  the  effect  of  vibration.  If  it  had  been 
suspected  that  cracks  would  start  at  B  and  C,  in  addition 
to  the  one  known  to  exist  at  A,  then  a  more  careful  exam- 


ination of  the  surface  of  the  metal  at  those  places  would 
have  been  made  ;  but  an  experiment  of  the  kind  takes  a 
long  time  to  carry  out,  and  a  crank  axle  weighing  2,000 
lbs.  cannot  be  turned  over  and  examined  frequently  with- 
out considerable  trouble.  If  there  may  be  any  truth  in  the 
suggestion  that  cracks  may  arise  from  surface  damage  as 
distinct  from  inherent  flaws,  then  no  doubt  precautions 
could  be  taken  to  prevent  such  damage,  and  perhaps  some 
method  of  treatment  analogous  to  burnishing  the  surface 
of  the  metal  might  be  of  advantage.  The  idea  that  cracks 
in  steel  shafts  may  start  from  some  kinds  of  apparently 
trifling  surface  damage  may  be  regarded  as  being  rather 
far-fetched,  and  yet,  on  the  other  hand,  it  is  borne  out  by 
the  fact  that  cracks  have  been  known  to  start  from  the 
corners  of  small  key-seats  cut  in  steel  axles.  A  great  deal 
remains  to  be  discovered  as  to  the  exact  causes  of  the  fail- 
ure of  steel  under  different  circumstances,  and  the  above- 
mentioned  experiment  is  noted  as  bearing  upon  one 
branch  of  the  subject. 


THE   SAULT  STE.  MARIE   LOCK. 


The  illustration  of  the  plan  and  location  for  the  new 
lock  at  the  Sault  Ste.  Marie  is  from  the  Cleveland  Marine 
Review  ;  it  is  the  first  that  has  been  published,  and  the 
following  particulars  were  furnished  by  Lieutenant  Riche. 
From  quoin-post  to  quoin-post  the  new  lock  will  be  800  ft., 
while  the  whole  length  of  the  walls  will  be  1,100  ft.,  the 
walls  being  100  ft,  apart.  The  gates  will  be  of  steel  in- 
stead of  wood,  and  each  leaf  of  the  lower  and  intermediate 
gates  will  weigh  150  net  tons,  while  each  leaf  of  the  upper 
and  lower  guard-gates  and  the  upper  gate  will  weigh  100 
tons,  1,200  tons  of  steel  being  used  for  all  the  leaves. 
While  the  new  lock  will  be  very  much  larger  than  the  pres- 
ent one,  it  will  be  emptied  in  about  the  same  time,  there 
being  six  8-ft.  square  emptying  tunnels  and  a  like  number 
of  filling  tunnels.  By  the  following  it  will  be  seen  that 
there  will  be  no  necessity  for  miter  sill  protection.  The 
breast  wall  at  the  head  of  the  lock  will  be  6  in.  higher  than 
the  lower  miter  sill  and  the  floor  will  be  6  in.  higher  than 
the  lower  miter  sills  ;  and  the  miter  sills  in  the  new  lock 
will  be  6  ft.  lower  than  those  in  the  present  lock,  giving 
that  much  more  draft  to  vessels.  There  will  be  used  in 
the  masonry  work  22,000  barrels  Portland  and  75,000  bar- 
rels natural  cement,  20,000  cubic  yards  cut  stone,  59  000 
cubic  feet  of  backing  and  5,000  cubic  yards  of  concrete. 
The  masonry  work  is  contracted  to  be  finished  November 
15.  1893.  . 

The  Marine  Review  also  publishes  an  interesting  inter- 
view with  General  Poe,  the  Engineer  in  charge.  Regard- 
ing the  clay  bank  left  by  the  excavation  of  the  new  lock 
pit,  shown  by  the  accompanying  illustration,  he  says  : 
"  This  wall  or  connection  bank  is  700  ft,  long  and  is  built 
in  the  canal  in  prolongation  westward  of  the  north  wall  of 
the  present  lock.  Its  stability  is  reasonably  assured, 
although  it  is  a  source  of  anxiety,  because  of  the  possibility 
of  even  a  slight  delay  to  navigation.  It  is  capable  of  with- 
standing the  water  pressure,  but  a  heavy  shock  from  a 
vessel  might  do  damage,  therefore  extreme  care  and  cau- 
tion is  requested  from  navigators.  The  cofferdam  is  a 
necessary  adjunct  to  the  new  lock,  and  the  positive  neces- 
sity of  locating  a  portion  of  the  dam  in  the  canal,  the  char- 
acter of  the  bottom,  the  impossibility  of  driving  spiles 
combine  to  render  the  work  one  of  difficulty.  The  bottom 
of  excavation  in  the  new  lock  is  53  ft.  below  level  of  the 
water  in  the  canal  and  35  ft.  below  level  of  water  at 
the  lower  end  of  lock.  The  northern  slope  of  the  excava- 
tion extends  to  the  rapids.  The  leaks  encountered  so  far 
have  had  their  origin  in  the  rock  formation  below  the  con- 
structed dam.  It  is  improbable  that  there  should  be  a 
worse  leak  than  the  one  that  occurred  in  March,  yet 
this  was  successfullv  closed  under  most  adverse  circum- 
stances in  unfavorable  weather,  and  were  a  leak  of  similar 
volume  to  occur  again,  it  would  not  greatly  hinder  or 
delay  navigation  of  the  present  lock.  The  dam  is  now 
stronger  than  ever  and  its  present  strength  can  be  main- 
tained. All  that  has  occurred  thus  far  and  all  the  specu- 
lations put  forth  as  to  what  circumstances  might  arise 
during  the  construction  of  the  new  lock  were  fully  dis- 
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cussed  in  my  report  made  in  1887.  All  was  foreseen,  and 
the  present  plan  of  procedure  was  adopted  as  the  most 
safe  one  for  interests  concerned.  The  work  cannot  be 
stopped  or  retarded  until  winter,  for  the  masonry  work  can 
only  be  prosecuted  during  warm  weather. 

"The  chance  of  a  repetition  of  an  accident  similar  to 
the  one  last  August  has  been  greatly  diminished  by  re- 
placing the  emptying  valves  and  their  frames  with  entirely 
new  ones.  The  frames  of  these  new  valves  are  of  cast 
iron,  like  the  old  ones,  but  strengthened  wherever  possi- 
ble. The  new  valves,  however,  are  built  entirely  of  steel 
and  wrought  iron.  The  trunnions  are  of  forged  steel, 
tested  to  a  tensile  strain  of  63,000  lbs.  per  square  inch,  9 
in.  in  diameter,  while  those  of  the  old  valves  were  of  cast 
iron,  of  the  same  diameter,  but  were  hollow,  the  bore 
being  6  in.  in  diameter.  The  two  old  emptying  valves  are 
held  in  reserve,  and  the  two  filling  valves  have  each  been 
strengthened  by  passing  a  6-in.  steel  rod  through  the  hol- 
low axis  from  end  to  end.  Each  rod  is  provided  with  a 
massive  head  at  one  end  and  equally  massive  thread  and 
nuts  at  the  other  end,  by  means  of  which  the  requisite 
strain  is  put  upon  them  to  insure  support.  It  is  not  in- 
tended, however,  to  depend  upon  the  cast-iron  valve  frames 
longer  than  the  present  season.  New  frames  are  now 
being  built,  composed  of  rolled  steel  plates  united  in  the 
form  of  box  ginlers.  They  could  not  be  constructed  in 
time  to  be  put  into  the  lock  last  winter,  but  will  be  in 
their  proper  position  before  the  opening  of  another  season. 
They  will  be  more  than  ten  times  as  strong  as  the  old 
ones.  The  pumps  have  been  overhauled,  and  two  more 
i2-in.  centrifugal  pumps  and  two  100  H.P.  engines  have 
I)een  ordered." 


RIVER    WORK   IN   INDIA. 


A  PAPER  by  James  F.  Bell,  Chief  Engineer  of  the  Indian 
Frontier  Railroad,  was  recently  published  in  the  Indian 
Engineer,  and  will  be  of  interest  to  engineers  engaged  in 
river  work  in  this  country,  as  showing  the  methods 
adopted  in  India.     This  paper  is  reprinted  herewith. 

In  the  Punjab  rivers,  which  erode  their  banks  and  scour 
their  beds  deeply  on  the  outer  edges  of  the  erosive  bends. 


Fu;    II 


our  practice  is  to  retain  the  stream  within  a  limited  length 
of  the  bridge  by  protective  bunds,  faced  and  aproned 
with  rough  stone  pitching.  In  cases  where  there  is  no 
solid  ground  on  which  the  heads  of  these  flank  bunds  can 
rest,  we  make  their  length  up-stream  at  least  equal  to  the 
length  of  the  bridge  itself,  and  extend  both  of  them  down 


stream  beyond  the  abutments  to  a  distance  of  at  least  one- 
fourth  the  bridge  length. 

The  alignment  that  is  thought  best  on  abstract  consider- 
ations is  sketched  in  fig.  1.  In  the  absence  of  natural 
heads  those  2X  A  A  are  strengthened  by  very  large 
mounds  of  stone,  in  cases  as  much  as  300,000  cub.  ft.  per 
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head.  The  extent  to  which  the  river  should  be  throated 
between  A  and  A  depends  on  the  number  of  piers  in  the 
bridge,  as  these  so  obstruct  and  subdivide  the  channel 
that  a  very  much  narrower  width  at  A  A  gives  a  much 
larger  effective  channel  than  that  afforded  by  the  bridge. 
The  object  of  the  vena  contracta  on  plan  is  to  center  the 
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river,  and  make  it  fan  out  equally  in  all  the  spans.  As  a 
rule  the  conditions  of  the  site  do  not  admit  of  using  the 
vena  contracta  ground  plan,  and  it  is  found  that  where 
the  bunds  diverge  on  the  up-stream  side  there  is  a  propor- 
tionate tendency  for  an  island  to  form  in  the  middle  of  the 
bridge  which  splits  the  deep  channel  toward  the  abut- 
ments. The  down-stream  tails  of  the  bunds  at  /> />  are 
necessary  to  counteract  the  edcly  that  tends  to  undermine 
the  ground  below  either  abutnn.ents. 

The  cross-section  of  bund  now  in  vogue  is  shown  in  fig. 
II,  and  the  main  factor  in  determining  its  proportions  is  the 
normal  deep  scour  of  an  erosive  bend  referred  to  as  "  S" 
in  the  following  portion  of  this  note.  This  factor  is  not 
always  easy  to  ascertain,  and  should  be  carefully  discrim- 
inated from  the  enormous  depths  attained  in  purely  alluvial 
strata  by  eddies.  Yox  example,  in  the  Chenab  and  Sutlej, 
eddy-scours  of  60  and  even  70  ft.  below  high  flood  level  are 
known  to  occur,  while  40  ft.  is  the  normal  erosive  scour 
(the  ^'  of  the  diagram).  Where  rock  is  found  overlaid  by 
other  than  firm  strata  of  probably  considerable  age,  the 
rock  is  sare,  sooner  or  later,  to  be  scoured  cl«an.  At 
Sukkur  the  Indus  cleans  its  rocky  bed  almost  everv  year 


this  method,  as  compared  with  that  of  stone-faced  spurs, 
to  the  tact  that  the  latter  provoke  and  intensify  eddy- 
scours,  while  the  former  tends  to  eliminate  eddies  and  to 
straighten  out  and  so  minimize  the  attacks  of  bend-scours. 


A   GREAT   AUSTRALIAN  DAM. 
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at  120  It.  below  high  tlood  level. 
The  dotted  section  shows  the  ulti- 
mate position  of  the  apron  when 
scour  has  engulfed  it. 

After  deciding  on  the  center  iiue 
of  the  bu,nd  (which  should  in  all 
cases  be  at  least  20  ft.  wide  on 
top,  with  slopes  not  steeper  than  2 
to  I  from  3  ft.  above  high  flood 
level  down  to  the  spring  level,  at 
which  water  is  encountered  when 
the  river  is  low)  the  apron  pit  is 
laid  out  with  a  width  from  toe  of 
slope  at  spring  level  outward  = 
I  S.  The  bund  is  made  wholly  from 
the  apron  pit,  and  if  more  earth  is 
wanted  it  is  dug  from  the  river 
side,  a.s  borrow  pits  in  rear  of  the 
bund  are  very  objectionable,  and 
liable  to  induce  "  blows."  Where 
the  apron  pit  yields  more  earth 
than  is  absolutely  requisite  the 
width  of  bund  is  increased  till  they 
balance.  The  core  of  the  bund 
should,  if  possible,  be  of  fine  sand 
and  the  slopes  of  good  clay  ;  while 
">he  rear  slope  should  be  wattled 
and  planted  with  willows,  elephant 
grass,  or  other  deep-rooted  vegeta- 
tion, as  protection  against  the  lap 
of  wavelets  that  arise  on  the  lake, 
which  forms  in  rear  of  the  bund  by  spill  or  percolation. 
In  the  Punjab  this  lake  is  purposely  filled  by  a  controllable 
sluice  inlet  that  brings  in  silt  to  warp  up  the  lake  bed. 
This  process  is  only  effective  when  a  high  level  outfall 
draws  oft  the  clean  upper  water  and  keeps  up  a  steady  in- 
flux of  silt  during  tlood  time. 

We  now  invariably  lay  the  apron  4  ft.  thick,  and  hence 
its  cross  sectional  area  =  5  x  5.  The  total  amount  of 
stone  laid  in  at  first  =  5x8  and  the  surplus  or  reserve 
=  5  X  3  is  stacked  on  the  river  slope  of  the  bund  at  as 
steep  an  angle  as  it  will  stand,  usually  a  little  steeper  than 
I  to  I.  The  toj)  of  the  bund  carries  a  tramway  by  which 
the  reserve  can  be  transfgrred  to  any  point  where  heavy 
scour  threatens  toengulf  the  reserve  stone  already  in  place. 
During  the  first  three  or  four  years  of  its  existence  we  think 
it  essential  to  renew  the  entire  reserve  when  the  river  is 
low,  and  even  to  increase  it  when  the  indications  point  to 
our  having  underestimated  the  factor  S. 

Sharp-edged  stone  is  best  ;  and  round  or  even  cubical 
pieces  are  found  wasteful  and  inefficient.  The  individual 
pieces  should  be  of  approximately  one  size,  and  their 
weight  ought  to  be  the  greater  as  the  velocity  of  the  stream 
increases.  For"^  ft.  per  second  average  velocity,  stones 
averaging  no  lbs.  suffice,  if  sharp-edged  and  of  high 
specific  gravity,  to  revet  a  subaqueous  slope  as  far  down 
as  the  scour  extends.  We  attribute  the  success  in  point  of 
stability  and  economy  that  has  so  far  invariably  attended 


The  accompanying  illustrations,  from  the  London  En- 
gineer, show  a  reservoir  and  dam  just  completed  at  Bee- 
taloo.  in  South  Australia,  for  the  Government  of  that  col- 
ony, by^Ir.  A.  B.  Moncrieff,  C.E.  It  is  intended  to  store 
water  for  irrigation  purposes. 

It  was  in  May.  1885,  that  the  survey  for  this  scheme 
was  begun,  and  during  the  same  year  an  act  was  passed 
authorizing  the  construction  of  the  dam.  In  the  following 
December  the  first  of  the  temporary  head  works  and  pipe- 
laying  began.  The  temporary  reservoir  was  used  to  sup- 
ply places  within  reasonable  distance  of  Beetaloo,  but  the 
completed  scheme  will  serve  an  area  covering  1,715  square 
miles.     The  importance  of  the  reservoir  will   be  under- 
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THE    BEETALOO    DAM,    SOUTH    AUSTRALIA. 


stood  when  it  is  observed  that  not  only  are  the  interests  of 
the  farmers  to  be  served,  but  that  the  townships  of  Moonta, 
Kadina,  Wallaroo,  Tickera,  Alford,  Port  Broughton,  Glad- 
stone, Port  Pirie,  and  other  places  will  be  supplied  from 
Beetaloo.  Up  to  the  present  time  255  miles  of  main  pipes 
have  been  laid,  the  sizes  varying  from  18  in.  to  2  in.  in 
diameter.  The  pipes  were  all  locally  manufactured,  and 
the  Engineer-in-Chief  speaks  of  them  as  highly  creditable 
samples. 

The  main  interest  centers  in  the  concrete  dam,  which 
ranks  as  one  of  the  largest  dams  in  the  world,  and  is  cer- 
tainly the  largest  concrete  dam  in  the  Southern  Hemi- 
sphere. This  work  was  started  by  Mr.  Mestayer,  the  late 
hydraulic  engineer,  in  1888,  and  Mr.  Jobson  has  been  the 
Resident  Engineer.  In  May  of  the  same  year  the  present 
Engineer-in-Chief,  Mr.  A.  B.  Moncrietf,  took  the  work  in 
hand,  and  as  soon  as  the  diagrams  and  stresses  were 
checked  by  him  the  placing  of  the  concrete  was  proceeded 
with.  This  continued  with  few  intermissions  until  last 
October,  so  that  the  laying  of  the  concrete  occupied  two 
years  and  six  months. 

About  60,000  cubic  yards  of  cement  concrete  were  re- 
quired. The  height  of  the  weir  is  no  ft.,  and  the  width 
on  the  top  is  14  ft.  The  length  is  580  ft.,  and  the  cross- 
section  is  in  accordance  with  Professor  Rankine's  formula, 
the  horizontal  curvature  having  a  radius  of  1.414  ft.  The 
stone  and  sand   required  were  obtained  in  the  neighbor- 
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hood,  but  the  cement  had  to  be  imported  from  Europe. 
Machinery  was  employed  to  mix  and  deposit  the  whole  of 
the  concrete.  To  the  western  side  of  the  dam  there  is  a 
bywash.  with  massive  training  walls,  which  are  partly  ex- 
cavated in  the  rock  on  the  hillside.  When  the  reservoir  is 
full  and  the  water  flows  over  this  bywash.  there  will  be  a 
pretty  cascade  down  the  hillside. 

At  present  the  reservoir  is  only  half  full,  but  the  supply 
is  constantly  being  augmented  by  the  springs,  which  are 
running  strongly.  When  full,  the  lake  will  be  105  ft.  deep 
at  the  dam,  about  a  mile  and  a  quarter  long,  and  on  the 
average  eight  chains  wide.  In  places  the  width  is  much 
greater,  as  there  are  several  long  reaches,  but  the  average 
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width  is  only  eight  chains.  The  capacity  of  the  reservoir  is 
800,000,000  gallons,  and  on  the  whole  of  the  works,  up  to 
date,  there  has  been  expended  about  $2,410,000,  of  which 
amount  $570,000  was  spent  in  the  construction  of  the  dam. 


THOUGHTS   ON   MARINE  ENGINEERING. 


By  Aloha  Vivarttas. 


Probably  there  is  no  trade  more  conservative  and 
"  set  in  its  ways"  than  the  old  line  of  shipbuilding,  which, 
from  the  small  beginning  of  building  vessels  whose  great- 
est dimensions  did  not  exceed  the  length  of  a  single  stick 
of  timber,  has  grown  in  the  size  of  its  product,  the  ships, 
without  any  corresponding  growth  in  the  size  of  its  ma- 
terial, the  timbers. 

Hence,  from  the  increase  in  the  number  of  joinings  nec- 
essary to  gain  the  increase  of  size,  the  big  ship  of  to-day 
bears  no  comparison  with  the  small  one  of  yesterday  in 
the  all-important  point  of  strength  ;  for  it  appears  that  the 
builder  of  wooden  ships  never  recollects  that  a  given  ratio 
of  increase  in  the  linear  dimensions  of  a  vessel  calls  for  an 
increase  of  strength  equal  to  the  cube  of  such  ratio  in  the 
construction  of  the  larger  vessel. 

Take,  for  example,  two  vessels  of  the  same  model,  but 
one  of  them  one-fourth  longer,  wider  and  deeper  than  the 
other,  and  the  former  needs  twice  the  strength  of  the  lat- 
ter in  all  its  parts  ;  or  if  one  be  double  the  length, 
breadth  and  depth  of  the  other,  she  will  need  eight  times 
the  other's  strength,  since  she  will  carry  eight  times  the 
other's  load  over  the  same  hills  and  gullies,  and  must 
bear  eight  times  the  strain  at  every  point. 

Again,  if  one  be  double  the  length,  but  the  same 
breadth  and  depth  as  the  other,  she  needs  four  times  the 
other's  strength  longitudinally,  for  she  has  double  the 
weight  and  length  on  the  same'  depth. 


_ . ^ 

Only  a  few  days  ago  we  were  called  upon  to  admire  one 
of  the  biggest  wooden  ships  afloat— just  built  and,  as 
usual,  changing  her  shape  visibly  ac^rding  to  her  weight 
and  bearing — a  ship  differing  in  no  essential  from  many 
another  of  ancient  build,  except  in  an  ihcrease  of  size  and 
proportionate  decrease  of  strength.  \ 

The  builder  of  iron  ships  took  his  metf\ods  of  construc- 
tion, with  his  model  or  external  form,  frbm— the  wooden 
ship  ;  and  although  less  limited  by  his  matefial,  as  in  the 
size  of  trees,  he  is  yet  far  from  seeing  his  way  to  build 
large  and,  at  the  same  time,  strong  vessels,  or  to  make 
them  handy. 

It  is  supremely  ridiculous  to  see  an  iron  ship  with  an 
iron  mast  extending  clear  down  to  her  keelson,  like  her 
wooden  prototype — a  method  of  construction,  costly  and 
useless  in  wood,  copied  by  imitators,  not  engineers. 

So  also  in  steering,  the  idea  of  causing  a  ship's  head  to 
turn  to  the  right  by  pushing  her  stern  to  the  left,  which 
was  not  without  its  disadvantages  in  a  small  boat,  is,  in 
large  vessels,  absurd. 

Imagine  an  old  farmer  so  stupid  as  to  hitch  his  reins  to 
his  horse's  crupper  to  steer  him  ;  if  he  used  power  enough 
it  might  work,  causing  collisions  on  the  road,  very  much 
as  it  does  in  ships.  The  engineer  will  yet  learn  to  divide 
the  rudder,  and  put  one  half  of  it  in  the  stem,  one-half  of 
it  in  the  stern,  and,  by  using  both  at  once,  turn  the  big  ship 
in  a  curve  of  one-half  the  radius  now  required. 

It  is  said  that  it  is  easier  to  divide  the  water  laterally 
than  to  compress  it  vertically  at  any  one  depth.  So  also 
if  is  easier  to  divide  the  water  laterally  at  the  surface  than 
to  divide  it  laterally  at  some  distance  below,  and  this  differ- 
ence increases  with  the  depth  of  th«  vessel. 

So  also  if  a  ship  of  a  given  size  and  model  requires  a 
certain  amount  of  power  for  a  given  velocity,  a  ship  of  the 
same  model  and  double  her  displacement  would  take 
more  than  double  the  power  at  the  same  velocity,  or,  if 
of  double  displacement,  should  have  a  greater  proportion 
of  breadth  to  depth,  to  enable  her  to  make  the  same  speed 
with  double  the  power. 

The  resistance  to  lateral  movement  in  the  water  at  any 
one  depth  increases  with  the  distance  only,  while  the  re- 
sistance to  lateral  movement  at  different  depths  increases 
with  the  depth  also  ;  so  that  while  a  ship  of  the  same 
depth  and  twice  the  breadth  of  another  might  require 
twice  the  power  at  any  given  speed,  a  ship  of  twice  the 
depth  and  the  same  breadth  as  another  will  require  from 
20  per  cent,  upward  more  than  double  the  power  to  attain - 
the  same  speed. 

Hence  the  more  a  ship  weighs  the  less  water  she  should 
draw  in  proportion  to  her  weight.  Thus  the  diagram,  fig. 
I,  shows  two  body  sections,  the  depth  of  one  being  5  ft. 
and  of  the  other  10  ft. 

It  is  manifest  that  water  located  on  the  line  a,  a\  a» 
must,  as  either  vessel  passes  it,  move  out  to  pass  the  sur- 
faces 6,  b\  b"-  and  c,  c\  c^  respectively. 

These  lines  show  the  natural  proportion  when  the  water 
which  passes  either  of  the  points  b  or  b^  shall  offer  the 
same  resistance  to  the  motion  of  the  vessel  as  the  water 
which  passes  the  point  b'-  does  ;  and  when  the  water  which 


passes  either  of  the  points  c  or  r'  shall  give  the  same  re- 
sistance to  the  progress  of  the  vessel  as  that  which  passes 
the  point  c-  does.  Observe  that  while  the  depths  bear  the 
proportion,  the  one  to  the  other,  of  two  to  one,  the  beam  ^- 
is  more  than  double  the  beam  b"  ;  and  by  so  much  is  it 
harder  to  move  the  water  from  a  or  a-  to  <f,  than  from  a 
or  a^  to  ii.  This  is  in  open  ocean  ;  the  difference  shown 
increases  rapidly  as  the  ship  gets  into  shoal  water. 

A  proper  deference  to  this  law  also  favors  a  ship  in  the 
matter  of  stability  and  convenience  in  handling,  and  is  of 
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especially  great  advantage  when  on  soundings,  where  quick 
;ind  accurate  steering  are  called  for.  Had  the  builders  of 
wooden  ships  followed  up  this  matter  and  consulted  the  ex- 
perience of  their  navigators,  the  big  ships  of  to-day  would 
not  be  simply  overgrown  brigs  of  a  hundred  years  ago,  nor 
the  steamers  of  much  the  same  proportion,  and  about  as 
seaworthy  as  canal-boats. 

The  various  problems  involved  in  marine  work,  handled 
,/<■  novo  by  the  class  of  men  which  has  handled  the  bridge 
business  in  the  United  States  during  the  last  50 years,  would 
j)ut  the  seagoing  machine  as  far  from  the  present  favorites 
as  a  good  pinned  truss  or  cantilever  bridge  from  the  nar- 
row span  stone  arch  of  former  days.  And  even  as  the 
stone  arch  is,  for  small  culverts  which  are  not  liable  to 
freshets,  very  near  perfection  to-day,  so  the  wooden  style 
of  boat  building  is,  tor  yawls  and  cat-boats,  very  satisfac 
tory. 

It  may  be  noted  that  the  rules  of  the  Underwriters  do 
passably  well  for  small  vessels,  but  are  less  and  less  trust- 
worthy as  the  size  gets  beyond  that  common  for  the  time 
such  rules  have  been  in  vogue.  The  man  who  designs  for 
new  purposes  or  larger  sizes  gets  little  assistance  from 
them. 

It  may  be  questioned  if  the  marine  world,  in  its  en- 
'  gineering  and  governing  details  (which  are  inseparable), 
will  bear  the  hand  of  the  landlubber.  And  no  doubt  the 
conservative  element  of  the  old  "  gentlemen  rope-haulers" 
will  growl,  as  it  does  to-day,  at  every  proposed  change. 
Bui  looking  back  over  the  years  past,  which  are  still  in 
sight,  it  is  seen  that  all  of  the  real  marked  -progress  in 
these  matters  is  the  work  of  men  who  were  not  trained  to 
the  sea. 

Thus,  without  going  into  the  controversy  about  who  first 
conceived  or  suggested  an  idea,  it  is  evident  that  the  ap- 
plication of  steam,  the  evolution  of  the  Mississippi  and  the 
North  River  styles  of  steamboats,  the  New  York  ferry-boat 
(sometime  driven  by  horses),  and  the  fore-and-aft  schooner 
were  never  brought  about  by  the  Jeep  sea  men. 

Compare  these  instances  of  American  work  with  the 
straight-bodied,  double-truck  car  and  pinned  truss  bridge 
of  the  same  class  of  men,  and  note  the  same  handwriting 
in  each.  Even  in  maritime  law,  R.  H.  Dana,  not  trained 
to  the  sea  in  the  regular  way,  but  taking  a  dose  of  it  for 
his  health  only,  by  his  "  Handbook  of  Marine  Law,"  which 
circulated  in  the  forecastle  40  odd  years  ago,  probably  did 
more  in  the  interest  ot  law  and  order  than  all  of  the  courts 
from  that  time  to  this. 

The  fore-and-aft  schooner  is  more  of  an  advance  upon 
the  old  style  of  square-rigged  vessels  than  the  old  sailor- 
men  really  like  to  acknowledge.  They  can  seldom  handle 
one  properly,  the  old  rules  not  being  all  applicable,  and 
few  of  them  will  believe  that  vessels  so  proportioned  and 
rigged  can  safely  go  to  sea  when  light  without  ballast. 
Yet  such  is  a  common  custom  of  large  schooners  on  the 
American  coast. 

The  old-time  mariner,  handling  a  good  sea  boat,  felt 
safe  on  deep  water  far  from  land,  or  in  a  landlocked  har- 
bor secure  from  sea.  To  anchor  off  the  coast  was  to  him 
a  dernier  ressort,  after  hope  was  gone.  But  since  the 
blockading  fleet,  comprising  ships,  barks,  schooners, 
steamers,  and  even  ferry-boats,  rode  out  the  war  of 
1861-65,  anywhere  from  Cape  Hatteras  tothe  Rio  Grande, 
boldly  hanging  to  their  anchors  in  any  weather,  the  coaster 
has  taken  heart  of  grace,  and  if  the  wind  baffles  him  lets 
go  his  mud-hook  with  confidence  in  his  ground-tackle,  any- 
where along  the  beach. 

The  sea  calls  for  men  who  know  metals,  as  the  old  ship 
carpenter  knew  wood  ;  who  know  the  steam-engine  and 
all  of  its  connections  as  the  old  boatswain  knew  his  sails 
and  rigging  ;  and  wh»  can  handle  electricity  as  the  old 
quartermaster  could  trim  a  binnacle  lamp.  And  the  ijias- 
ter  at  sea  must  know  them  all,  both  new  and  old  ;  for 
as  the  railroad  has  not  exterminated  the  horse,  so  steam 
has  not  done  away  with  canvas  ;  and  as  the  railroad  en- 
gineer may  easily  know  how  to  handle  a  "fast  trotter,"  so 
the  steam  seaman  may  easily  keep  the  run  of  canvas  work. 
The  engineer,  in  the  broadest  sense  of  the  word,  will  hnd 
ample  room  at  sea.   \ 

(to  be  concluded.) 


A  NEW  FRENCH  CRUISER. 


The  accompanying  illustration,  which  is  taken  from  the 
London  Engineer,  shows  the  French  cruiser  Le  Tage, 
which  is  one  of  the  finest  new  vessels  in  the  French  Navy. 
This  ship  is  a  tirst-class  protected  cruiser  having  twin 
screws.  She  is  389  ft.  9  in.  in  length  between  perpendic- 
ulars ;  53  ft.  6  in.  beam  at  the  water-line;  35  ft.  11  in. 
deep  ;  has  a  mean  draft  ot  22  ft.  10  in.,  and  a  displacement 
of  7,045  tons.  1 

The  hull  is  built  of  steel,  but  the  stem-post,  keel  and 
the  plating  of  the  protective  deck  arc  of  iron.  This  deck 
covers  the  engines,  boilers  and  magazines,  which  are  also 
protected  by  numerous  water-tight  bulkheads  and  by  the 
belt  of  cellulose. 

The  contract  speed  of  this  ship  was  19  knots  under 
forced  draft,  and  this  she  maintained  at  the  trial.  Her 
highest  speed  with  natural  draft  is  about  16  knots.  The 
coal  capacity  is  900  tons,  when  the  bunkers  are  all  tilled. 
The  ship  carries  three  masts  and  can  make  a  considerable 
spread  of  canvas. 

This  vessel  was  built  under  contract  by  the  SociOtc  des 
Ateliers  de  la  Loire,  the  contract  price  being  ^1,750,000. 

The  armament  consists  of  six  i6-cm.  (6.3-in,)  breech- 
loading  rifle  guns  on  the  upper  deck  ;  ten  14-cm.  (5.5-in.) 
guns  in  the  battery  ;  three  47-mm.  (1.85-in.)  rapid-fire 
guns,  and  twelve  37-mm.  (1.46-in.)  Hotchkiss  guns. 
There  are  also  seven  torpedo-tubes  placed  above  the  water- 
line. 

The  engines  are  of  the  triple-expansion  type  and  are 
horizontal.  The  cylinders  are  43  in.,  68  in.  and  100  in. 
in  diameter  and  47^  in.  stroke.  The  low-pressure  cylin- 
ders lie  forward,  and  the  crank  shafts  are  fitted  with 
coupling  boxes,  so  that  when  low  powers  suffice  the  low- 
pressure  cylinders  are  put  out  of  use,  and  the  engines  then 
work  compound  and  develop  1,970  H.P.,  making  52  revo- 
lutions per  minute.  With  natural  draft  and  all  the  cylin- 
ders in  use  the  power  is  8,950,  the  revolutions  being  89 
per  minute;  and  with  forced  draft  the  power  is  11,370, 
and  the  revolutions  97  per  minute.  The  safety  valves  are 
loaded  to  150  lbs.  The  valve  gear  is  Joy's.  Steam  is  sup- 
plied by  12  boilers,  arranged  in  groups  of  four  in  water- 
tight compartments.  The  shells  are  14  ft.  3  in.  in  diam- 
eter and  10  ft.  9i  in.  long.  There  are  in  each  boiler 
three  Fox  furnaces,  3  ft.  7  in.  in  diameter.  The  grates 
are  7  ft.  7  in.  long.  The  total  grate  surface  is  930  sq.  ft. 
The  tubes  are  of  brass,  with  the  exception  of  the  stay- 
tubes,  which  are  of  iron.  The  diameter  inside  of  the  brass 
tubes  is  3  in.,  that  of  the  iron  tubes  25  in.  There  are 
three  chimneys,  one  to  each  group  of  boilers.  They  arc 
8  ft.  3  in.  in  diameter. 

There  is  one  surface  condenser  in  each  engine-room. 
Each  contains  5,633  tubes,  0.7  in.  diameter  and  9  ft.  8  in. 
long.  The  total  surface  is  10,097  sq.  ft.,  or  about  1.75  sq. 
ft.  per  H.P.  with  forced  draft,  a  sq.  ft.  with  natural  draft, 
and  8  sq.  ft.  when  working  compound. 

The  pumps  are  worked  by  distinct  inverted  cylinder  en- 
gines. There  are  two  air  pumps  in  each  engine-room  28| 
in.  diameter  and  19I  in.  stroke.  They  are  single-acting, 
and  make  81,  138,  and  150  double  strokes  per  minute,  ac- 
cording as  the  engines  are  working  compound,  with  nat- 
ural, and  with  forced  draft.  There  is  one  centrifugal  circu- 
lating pump  in  each  engine-room,'making  100,  147  and  160 
revolutions  per  minute.  The  disk  is  48  in.  diameter.  There 
are  two  feed-pumps,  single-acting,  in  each  engine-room, 
6J  in.  diameter  and  19  in.  stroke.  The  main  crank  shafts 
are  hollow,  and  i5f  in.  diameter,  the  hole  being  7  in.  in 
diameter.  The  connecting-rods  are  four  cranks  long. 
The  piston-rods  are  6^  in,  diameter.  The  cylinders  are 
jacketed  all  over  the  high-pressure  and  intermediate  cylin- 
ders. The  forced  draft  fans  deliver  into  closed  stokeholds. 
They  are  driven  by  compound  engines,  and  each  can  de- 
liver about  70,000  cubic  yards  of  air  per  hour,  at  a  pres- 
sure of  I  in.  to  li  in.  water.  There  are  four  of  these 
blowing  fans.  The  screws  are  four-bladed,  of  manganese 
bronze. 

The  main-bearing  brasses  are  composed  of  an  alloy  of 
84  copper,  16  tin,  and  2  zinc.  The  bearings  in  the  screw 
alleys  are  of  copper  86.  tin  14,  zinc  2.  Stuffing-box 
glands,  etc.,  are  of  copper  88,  tin  12,  zinc  2.    The  boiler 
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fittings  are  of  copper  90,  tin  10,  zinc  2.  Brass  tubing,  so 
called,  when  used,  is  of  copper  94,  tin  6,  zinc  2.  The 
antifriction  metal  is  copper  4,  tin  96,  antimony  8. 

The  valve  gear  is  so  arranged  that  the  cut-off  in  the 
high-pressure  cylinder  is  variable  between  25  and  74  per 
cent.,  intermediate  cylinder  between  25  and  70  per  cent., 
and  in  the  low-pressure  between  37  and  79  per  cent. 


A  NEW  PLATE  GIRDER  BRIDGE. 


The  drawings  given  herewith  show  a  double-track 
plate-girder  bridge  recently  built  by  the  Passaic  Rolling 
Mill  Company,  of  Paterson,  N.  J.,  for  the  Delaware,  Lack- 
awanna &  \Vestern  Raihoad.    In  these  figs,  i  and  2  are 
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WHITE'S   BRIDGE,    DELAWARE,    LACKAWANNA   &   WESTERN    RAILROAD. 


The  ship  is  lighted  by  electricity.  There  are  two  Man- 
gin  projectors  2  ft.  in  diameter,  and  there  are  300  incan- 
descent lights  in  each  compartment.  Current  is  supplied 
by  three  large  Gramme  dynamos  arranged  in  the  engine- 
rooms. 

Compressed  air  is  supplied  for  the  torpedoes  by  Brother- 
hood machines. 


respectively  an  end  elevation  and  a  half  plan  of  the  bridge, 
showing  the  general  arrangement.  Figs.  3,  4,  5,  6  and  7 
show  the  center  girder  ;  fig.  8  an  end  panel,  and  fig.  9 
one  of  the  beams  which  carry  the  tloor. 

The  bridge  is  93  ft.  6  in.  span  and  has  three  girders  ; 
it  is  built  entirely  of  steel.  The  center  girder  weighs  35 
tons  and  the  two  outside  girders  23  tons    each.     The 
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structure  is  proportioned  for  a  moving  load  consisting  ot 
tvvo  loi-ton  consolidation  locomotives. 

The  illustrations  show  the  construction  of  the  bridge  so 
well  that  but  little  further  description  is  necessary.  From 
licrs.  I  and  2  it  will  be  seen  that  the  main  girders  are 
spaced  15  ft.  apart.     The  Hoor-beams  carried  on  the  gir- 


depth,  the  web  being  of  s-in.  plate.  The  floor  beams  are 
35  in.  in  depth  and  their  construction,  bracing  and  connec- 
tions with  the  main  girders  are  shown  in  fig.  9.  The  end 
studs  differ  somewhat  in  construction,  as  shown  in  tig.  8. 

The  stringers  are  spaced  7  ft.  apart  between  cente<s  and 
are  28  in.   deep,  having  a  web  glate  =^-in.  thick.     Their 


WHITE'S    BRIDGE.    DELAWARE,    LACKAWANNA   &   WESTERN    RAILROAD. 
BUILT    BY   THe   PASSAIC   ROLLING   MILL  COxMPANY,  PATERSON,   N.   J. 


ders  are  also  spaced  15  ft.  apart  ;  the  diagonal  bracing  is 
of  3  X  3  X  s  angle-iron,  except  in  the  end  panels,  where 
it  is  3i  X  3i  X  f  in. 

The  center  girder  is  9  ft.  in  depth,  the  web  being  of 
I'g-in.  steel  plate  ;  the  general  construction  and  bracing 
are  shown  it)  the  drawings.     The  side  girders  are  8  ft.  in 


construction   presents   no    special   peculiarities.      In   the 
work  generally  i-in.  rivets  are  used. 

The  bridge  is  a  good  example  of  recent  construction  in 
the  plate-girder  type,  which  is  now  generally  adopted  in 
good  practice  for  spans  up  to  100  ft.,  few  trusses  of  less 
than  that  length  being  found  of  r«*ccnt  date. 
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THE  GREAT  SIBERIAN  RAILROAD. 


The  preliminary  work  on  the  Siberian  Railroad  is  being 
pushed  forward.  The  engineer  corps  are  in  the  field  on 
the  extension  of  the  Samara-Oufa-Zlatooust  line  eastward, 
and  are  also  completing  the  arrangements  for  beginning 
work  on  the  Western  Siberian  section  from  Tomsk  to 
Chelabinsk.  A  careful  examination  is  being  made  of  the 
rfver  crossings  on  this  section.  Work  upon  it  will  prob- 
ably be  begun  first  from   the  western  end. 

As  already  noted,  work  has  been  formally  begun  on  the 
Pacific  end  of  the  line,  known  as  the  South  Oussouri  Sec- 
tion, which  will  extend  from  the  port  of  Vladivostok  to 
Grafskaia  on  the  Oussouri  River,  forming  a  rail  out'et  lor 
the  extensive  system  of  navigation  formed  by  the  Amoor 
River  and  its  tributaries'.  The  work  on  this  line  was 
opened  by  the  Czarevitch,  who  is  now  inspecting  the  pro- 
posed line  of  the  road. 

We  give  below,  as  showing  the  interest  taken  in  this 
line  by  the  CiOvernment,  the  imperial  rescript  addressed 
to  the  Czarevitch.  This  was  dated  at  St.  Petersburg, 
March  17.  and  was  made  public  on  the  occasion  of  the 
formal  opening  of  the  work  at  Vladivostok  on  May  11-23 
last  : 

Having  now  ordered  the  beginning;  of  the  construction  of  a 
continuous  Trans  Siberian  Railroad,  in  order  to  connect  the 
rich  and  fertile  Siberian  country  with  the  net-work  of  Russian 
railroads,  I  charge  you  to  announce  this  my  decree  when  you 
again  reach  Russian  soil,  after  finishing  your  tour  through 
Eastern  countries.  I  charge  you  to  put  in  place  at  Vladivostok 
the  first  stone  of  the  Oussouri  Section  of  the  Great  Siberian 
Railroad,  which,  it  has  been  decided,  is  to  be  built  by  the  Gov- 
ernment and  at  its  expense.  Your  eminent  co-operation  in  the 
beginning  of  this  truly  national  work  is  to  be  an  evidence  of 
my  wish  to  facilitate  the  connection  of  Siberia  with  the  other 
parts  of  the  Empire,  and  to  show  to  this  country,  so  near  to 
my  heart,  my  care  for  its  peaceful  progress. 

Invoking  the  benediction  of  the  Almighty  on  your  long 
journey  through  Russia,  I  remain,. loving  you, 

Alexander. 

There  is  now  no  doubt  of  the  active  continuance  of 
work  on  this  line,  and  the  Russian  iron  and  steel  works 
are  already  turning  out  material  for  its  use. 


RAILROAD  TUNNELS  IN  WISCONSIN. 


(Abstract  of  paper  by  Mr.  Woodman  ;  read  before  joint  meeting  of  Engineers' 
Clubs  of  Minneapolis  and  St.  Paul,  MayfSth.) 


In  this  interesting  paper  the  writer  showed  that  the 
topographical  slope  of  Wisconsin  is  from  the  northeast  to 
the  southwest,  so  that  the  Wisconsin  River  has  a  fall  of 
900  ft.  in  its  course  to  the  Mississippi. 

The  two  large  valleys  of  the  Wisconsin  and  Rock  Rivers 
are  followed,  the  one  by  the  Chicago,  Milwaukee  &.  St. 
Paul,  the  other  by  the  Chicago  &  Northwestern  Railroad. 
The  elevation  of  the  Rock  River  valley  is  about  780  ft., 
and  that  of  the  Milwaukee  Road  is  about  600  ft. 

Although  the  topographical  features  hardly  indicate  it, 
there  is  one  point,  included  within  a  radius  of  10  miles, 
where  the  headwaters  of  several  rivers  are  found,  where 
six  tunnels  are  located,  having  a  total  length  of  two  miles 
and  built  at  a  cost  of  $700,000. 

The  ridge  elevation  at  this  point  is  about  1,300  ft.  and 
the  contours  quite  broken. 

The  tunnels  are  all  in  the  same  geological  formation, 
the  St.  Peter  sand  rock,  which  underlies  the  Trenton 
lime  rock.  There  is  the  same  formation  in  the  locality  of 
St.  Paul. 

This  sand  rock  generally  consists  of  fine,  pure  sand, 
possessing  very  little  cohesion,  and  is  therefore  very  easily 
worked. 

A  peculiar  geological  feature  of  Wisconsin  is  the  fact 
that,  following  the  country  down  from  northwest  to  south- 
east, the  different  formations  from  the  earliest  to  the  pres- 
ent one  are  in  view. 

Of  26  miles  of  road  included  within  the  above-mentioned 
circle,  ?i  miles  are  on  a  66-ft.  gracle,  which  is  alnjQst  a 


mountain  grade.  The  difficulty  of  operating  is  apparent 
from  the  fact  that  a  mogul  engine  with  18  x  24-in.  cyl- 
inders can  haul  only  12  cars. 

The  Greenfield  Tunnel,  used  by  the  Chicago,  Milwaukee 
&  St.  Paul,  is  one-quarter  mile  long  in  a  very  soft  portion 
of  the  rock.  The  tunnel  had  to  be  limbered,  and  finally  it 
became  so  unsafe  that  a  new  one  had  to  be  built,  45  ft. 
from  and  parallel  with  the  original  one.  The  grade  in 
the  new  tunnel  is  only  35  ft.  per  mile,  which  is  the  maxi- 
mum grade  of  this  road.  Working  one  end  at  a  time  the 
average  progress  was  8.3  ft.  for  24  hours. 

The  Northwestern  has  three  tunnels,  all  running  on 
township  lines  about  6  or  7  miles  apart.  The  longest, 
3,810  ft.,  was  built  under  Mr.  Woodman's  supervision. 

The  west  approach  was  very  much  broken  up.  Both 
ends  were  worked  and  two  shafts,  one  vertical  75  ft.  deep, 
and  one  on  a  slope  135  ft.  long.  Considerable  trouble 
was  caused  by  water.  The  tunnel  passed  through  a  regu- 
lar artesian  well.  Two  shifts  were  worked,  each  of  ii 
hours.  The  average  progress  in  the  three  tunnels  was  : 
No.  I,  S3-7  ft.  per  week  ;  No.  2,  52.0  ft.;  No.  3,  21.7  ft. 
A  bonus  was  offered  in  No.  3  to  pay  the  miners  $5  for 
every  foot  made  over  33  ft.  per  week,  and  the  progress 
was  tKus  advanced  to  42  ft.  as  against  21.7.  The  greatest 
progress  in  No.  3  was  51  ft.  per  week  in  a  soft  place. 

Generally  the  heading  was  squared  in  three  rounds  ; 
^first  three  foot-holes  were  excavated,  then  three  mean 
holes,  and  finally  three  top  holes.  The  area  of  a  section 
was  about  12  square  yards.  Only  hand  drills  were  used. 
The  drillers  could  be  heard  270  ft.  distant.  The  average 
taken  out  in  No.  i  was  12.98  yds.  per  foot  ;  No.  2,  12.64  ; 
No.  3,  11.2.  No.  3  was  estimated  at  ii.i  yds.  per  foot, 
but  all  three  were  designed  to  be  of  the  same  dimensions. 

The  contract  "price  in  No.  1  and  No.  3  was  $4.50  per 
yard  ;  in  No.  2  it  was  $3.75.  There  was  no  particular 
reason  for  these  prices,  except  the  guesswork  of  the  con- 
tractors. No.  3  cost  every  cent  that  was  paid  for  it.  In 
1872  the  contractor  wanted  to  quit,  but  the  company 
guaranteed  to  pay  him  $10  per  yard  for  the  remaining 
10,000  yds.,  and  yet  he  had  no  profits.  The  actual  aver- 
age cost  was  *5.79  per  yard,  and  at  the  time  the  average 
cost  ot  hard  rock  tunnels  was  #5.89.  At  that  time  out  of 
300  tunnels  in  existence,  only  12  were  longer  than  No.  3. 

The  following  gives  the  comparative  length  and  cost  of 
some  of  the  tunnels  : 

Length.  Cost  per  Total  cost, 
foot. 

The  West  Wiscorisin  Tunnel 883  ft.  $43. 01  S37i9i3 

New  Greenfield  Tunnel 1,230     "         60.54  80,518 

No.  I  Northwestern  R.  R.  Tunnel..      1,694     "'        58-44  98,971 

No.  a                                                                ..      1,594                4740  75-557 

No.  3              "                    '■■"..     3,810     •'         64.90  247,272 

A  flat  car  with  frame  on  was  run  through  to  test  dimen- 
sions.    The  average  dimensions  were  16  x  19  ft.  clear. 

The  shafts  were  filled  up  after  the  tunnels  were  finished. 

No.  2  \\as  lined  while  in  operation.  Iron  centers  were 
used  made  of  rails  on  3  ft.  centers,  using  16  ft.  lagging. 
Four  brick  rings  were  put  in.  Three  differently  rigged 
flat  cars  were  used  to  do  the  lining,  one  for  the  footing 
and  lower  wall,  one  for  the  intermediate  portion,  and  one 
for  the  top. 

♦ 

THE  UNITED  STATES  NAVY. 


Bids  for  the  new  fast  cruiser.  No.  13,  were  opened  at  the 
Navy  Department  in  Washington,  June  i.  This  cruiser, 
with  a  few  slight  alterations,  is  the  same  as  No.  12,  which 
is  now  under  construction  at  the  Cramp  yards  in  Phila- 
delphia. She  will  have  three  screws,  and  is  intended  to 
make  a  higher  speed  than  any  vessel  yet  built  for  the 
Navy.  This  ship  has  already  been  fully  described  in  our 
columns. 

Three  bids  were  received  :  from  the  Union  Iron  Works, 
San  Francisco,  $2,793,000 ;  William  Cramp  &  Sons, 
Philadelphia,  $2,745,000;  Bath  Iron  Works,  Bath,  Me., 
§2,690,000.  The  contract  will  probably  be  awarded  to 
the  Bath  Company.  This  is  the  largest  vessel  it  has  yet 
undertaken ;  it  is  now  building  two  of  the  1,000-ton 
cruisers    and    the    Ammen    ram.     The  plant  has  been 
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steadily  increased,  and  it  is  understood  that  the  works 
are  in  good  condition  to  undertake  this  large  ship.  The 
engines  will  be  built  by  the  Ouintard  Iron  Works,  New 
York. 

The  general  dimensions  of  this  ship  are  :  Length,  400 
ft.;  breadth,  60  ft.;  depth,  30  ft.;  displacement,  7.300 
tons.  She  is  expected  to  make  a  sea  speed  of  21  knots 
and  a  maximum  speed  of  22  knots  an  hour. 


TRIAL  OF  THE 


NEWARK." 


The  new  cruiser  Newark  was  given  a  trial  to  determine 
lier  qualities  as  a  sea-boat  early  in  the  month.  The  ship 
started  out  from  Hampton  Roads  and  made  a  trip  lasting 
three  days,  part  of  the  time  in  very  hea>  y  weather.  Trials 
were  made  as  to  speed,  turning  and  manoeuvring  powers, 
and  in  the  use  of  guns  at  sea.  The  ship  behaved  well  in 
;ill  these  trials,  some  of  which  were  made  in  a  northeast 
^ale  with  a  very  heavy  sea.  Some  slight  changes  in  deck 
features  and  minor  points  are  to  be  made,  and  the  ship 
will  then  probably  be  put  into  commission,  and  attached 
for  the  present  to  the  Squadron  of  Evolution. 

TRIAL  OF  THE  "  VESUVIUS." 

The  official  report  of  the  Board  on  the  late  trial  of  the 
Vesuvius  has  been  made.  The  essential  part  of  the  re- 
port, after  giving  the  preparations  for  the  trial,  is  as 
follows  : 

Six  shots  were  fired  with  the  starboard  and  five  with 
the  middle  gun,  May  18.  As  the  valve  of  the  port  gun 
was  out  of  order,  no  projectiles  were  fired  from  it.  From 
the  six  shots  fired  with  the  starboard  gun  a  range  curve 
showing  the  valve  openings  necessary  for  all  ranges  to 
more  than  2,200  yards  was  constructed  ;  but  a  similar 
curve  could  not  be  made  for  the  middle  gun.  On  i»Iay 
19,  six  shots  with  the  starboard  gun  were  fired  for  accu- 
racy. The  valve  openings  for  this  firing  were  taken  from 
the  range  curve,  and  corroborated  it  very  closely.  Three 
of  these  were  fired  with  the  vessel  stationary  and  opposite 

buoy  I.  and  the  other  three  with  the  vessel  steaming  at 
about  12  knots,  and  while  opposite  buoy  i.  Also  on  the 
19th  three  more  shots  were  fired  from  the  middle  gun, 
using  the  data  of  the  previous  day  for  regulating  the  valve 
openings.  The  results  of  this  firing  and  of  that  previously 
mentioned  from  this  gun  were  very  irregular  and  not  of 
such  a  nature  as  to  enable  us  to  draw  a  fair  range  curve. 

On  May  20  the  firing  was  resumed.  Three  shots  fired 
at  the  word  of  command,  the  distance  being  estimated  by 
a  member  of  the  Board  at  one  mile,  \  mile  and  i  mile. 
The  results  of  this  firing  were  good  ;  the  shots  fell  at  the 
distances  stated  from  the  buoys  aimed  at. 

No.  I.  Line,  43  yards  beyond. 

No.  2.  8  yds.  rt.,  104  yds.  beyond. 

No.  3.  24  yds.  rt.,  24  yds.  short. 

On  the  occasion  of  thig  firing  the  sea  and  wind  were 
moderate,  and  the  motion  of  the  vessel,  though  not  exces- 
sive, was  not  entirely  conducive  to  good  firing.  After  this 
riring  was  over,  the  C«j^/;/if  towed  the  old  cutter  procured 
at  the  Navy  Yard  across  the  line  of  fire  at  a  speed  of  10 
knots.  The  Vesuvius  was  at  this  time  proceeding  at  a 
speed  of  17  knots,  and  her  jrolling  and  pitching  motion 
greater  than  in  the  firing  just  executed.  The  gun  was 
fired  at  the  word  of  command,  and  at  distances  estimated 
by  the  Board.     These  three  shots  fell  as  follows  : 

No.  I.  20  yds.  left,  16  yds.  short. 

No.  2.  o  left,  300  yds.  beyond. 

No.  3.  8  yds.  left,  275  yds.  short. 

These  shots  were  fired  at  one  mile,  f  and  \  mile  respec- 
tively. 

In  conclusion  the  Board  would  state  as  follows  :  The 
accuracy  of  tire  of  the  starboard  gun,  under  the  con- 
ditions, we  consider  good  ;  that  of  the  middle  and  port 
guns  we  are  unable  to  criticise,  because  the  valves  were 
not  in  satisfactory  working  order.  The  valve  of  the  star- 
board gun  has  been  modified  by  Lieutenant  Seaton 
Schroeder,  and  worked  satisfactorily  throughout. 

The  range  can  be  very  readily  altered  ;  the  setting  of 
the  valves  can  be  changed  to  any  point  from  extreme  to 
shortest  range  in  five  seconds. 

The  effect  of  a  moderate  sea  and  wind  on  the  general 
efficiency  of  the  guns  and  thcir^range  is  very  slight. 


Generally  speaking,  the  vessel  as  a  gun  platform  be- 
haved very  satisfactorily.  There  are  many  details  con- 
cerning the  steering-gear  and  conning-tower  which  could 
be  very  much  improved. 

As  to  the  actual  efficiency  of  the  vessel  for  offensive 
purposes,  the  Board  has  little  data  on  which  to  base  an 
opinion. 

On  May  20  three  shots  were  fired  at  a  target  towed  by 
the  Cushing  at  a  speed  of  10  knots  across  the  line  of  fire, 
the  Vesuvius  steaming  17  knots  ;  one  of  these  would 
undoubtedly  have  struck  a  vessel.  This  the  Board  con- 
sidered a  favorable  showing  under  the  circumstances. 

The  Board  considers  that  the  fittings  and  appliances  for 
loading  and  firing  these  guns,  as  fitted,  are  very  crude, 
and  capable  of  great  improvement. 

The  Board  would  recommend  that  the  guns  should  be 
carefully  ranged  in  some  suitable  locality  where  the  fall  of 
the  projectiles  can  be  accurately  determined  from  shore 
stations  ;  that  some  simple  and  suitable  sight  should  be 
fitted,  and  such  changes  made  in  the  mechanism  for  load- 
ing and  firing  the  guns  as  may  be  found  advisable,  and 
that  the  vessel  be  then  subjected  to  such  further  tests  as 
will  fully  determine  her  efficiency  as  a  torpedo  thrower. 


RECENT  EXPERIMENTS  WITH  ARMOR 

PLATES. 


By  First  Lieutenant  Joseph  M.  Califf,  Third  U.  S. 

Artillery. 


The  armor-plate  trials  held  at  Annapolis,  in  September 
of  last  year,  awakened  throughout  the  United  States  a 
profound  interest,  which  was  by  no  means  confined  to 
military  and  naval  circles.  Not  only  were  these  tests  the 
most  important  ever  had  on  this  side  of  the  Atlantic,  but 
the  first  conducted  here  under  the  modem  conditions  of 
attack  and  defense.  One  might  go  further  and  add  that 
the  results  obtained  were  so  unloolced  for  that  the  interest 

awakened  was  co-extensive  with  the  whole  armor-making 
and  armor-using  world.  But  pronounced  as  these  results 
were,  it  would  not  be  safe  to  accept  the  conclusions  of 
enthusiastic  newspaper  writers  that  the  whole  question  of 
armor-plate  had  been  settled  for  good  and  all,  and  that 
the  great  compound-armor-clad  fleet  of  Great  Britain  had, 
so  to  speak,  been  knocked  out  in  a  single  round. 

The  struggle  not  only  between  the  gun  and  the  armor- 
plate,  but  between  compound  and  all-steel  armor  has  been, 
up  to  a  very  recent  date,  so  fairly  equal  that  a  little  caution 
is  necessary  in  making  predictions  for  the  future.  As  the 
matter  now  stands  the  gun  is  unquestionably  in  the  lead 
— that  is,  the  best  guns,  under  favorable  conditions  of 
range  and  target,  can  perforate  any  armor-plate  of  prac- 
ticable thickness  that  can  be  carried  by  a  ship  of  war. 
As  to  the  armor-plate,  all  the  more  recent  trials  indicate 
a  decided  superiority  of  steel  over  compound   armor.      It 

is  proposed  to  notice  briefly  the  more  important  of  these 
experiments. 

It  will  be  remembered  that  the  first  steel  armor-plate 
aimed  to  oppose  to  a  projectile  a  uniform  resistance 
throughout  its  whole  thickness,  while  the  compound  plate, 
then  and  now,  offers  to  it  the  hardest  possible  steel  face 
attached  to  a  backing  of  soft  wrought-iron.  Theoreti- 
cally, at  least,  the  compound  plate  should  be  the  most 
effective,  since,  while  it  opposes  to  the  energy  of  the  shot 
a  sufficient  hardness  of  face  to  make  that  energy  act  de- 
structively against  itself,  its  soft,  tenacious  back  neutral- 
izes the  inclination  of  all  hard  plates  to  crack  through  and 
through  and  thus  go  to  pieces.  Practically,  however,  the 
compound  plate  has  two  serious  drawbacks.  The  hard 
outer  face  is  very  prone  to  separate  and  fall  away  from  its 
backing  under  the  shock  of  striking  projectiles,  on  the  one 
hand,  while  upon  the  other  the  entire  work  of  resistance 
is  thrown  upon  the  comparatively  thin  face — say  less  than 
half  of  the  whole  thickness  of  the  plate.  Once  through 
this  face  and  the  soft  iron  back  can  bring  but  little  addi- 
tional aid  in  opposition  to  a  carefully  tempered  steel 
projectile. 

The  two  varieties  of  compound  armor — the  Cammell 
and_the  Brown,  known  also  by  the  names  of  the  inventors 
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as  Wilson's  and  Ellis' — differ  only  in  the  methods  of 
manufacture.  In  both  a  soft  iron  back  is  prepared  and 
raised  to  a  welding  heat,  and  directly  upon  this,  in  the 
Cammell  plate,  is  run  the  melted  steel,  which  partially 
carbonizes  a  layer  of  the  soft  iron  and  creates  a  zone  of 
semi-steel.  In  the  improved  Wilson  process  two  layers 
of  steel  are  run  upon  the  soft  back  ;  one  of  very  mild  the 
other  of  very  hard  steel.  In  the  Brown  process  the  hard 
face-plate  is  prepared  in  advance,  and  then  between  this 
face  and  the  iron  back  molten  steel  js  introduced,  forming 
a  welding  joint  between  the  two.  The  plates,  in  both 
cases,  are  reheated  and  rolled  do'Wn  to  the  proper  thick- 
ness. After  being  planed  and  machined  to  the  proper 
form  and  dimensions,  the  faces  of  the  plates  are  tempered 
and  annealed  to  remove  internal  strains. 

The  difference  in  hardness  between  an  all-steel  and  the 
face  of  an  improved  Wilson  plate  is  indicated  by  the  fact 


used  in  the  Russian  experiments  of  1882,  which  were 
almost  as  brittle  as  cast-iron. 

An  extended  series  of  trials  were  held  at  Portsmouth  in 
1888,  in  which  steel  and  compound  plates,  all  of  English 
manufacture,  were  brought  into  competition.  These  trials 
clearly  demonstrated  the  superiority  of  English  compound 
over  English  all-steel  armor  plate.  In  the  Helder  (Hol- 
land) trials,  November,  1889,  four  compound  plates  were 
tested— two  English,  a  Brown  and  a  Cammell  (Wilson's), 
and  two  French,  a  St.  Chammondand  a  Marrel,  both  made 
under  the  Wilson  patent.  The  result  showed  that  English 
were  superior  to  French  compound  plates,  and  called 
attention  anew  to  the  excellency  of  English-made  com- 
pound armor,  without  however,  settling  the  question  of 
superiority  between  it  and  the  French  all-steel  plate. 

The  possession  of  a  projectile,  such  as  we  now  have  in 
the   Hol'zer,  that  is   practically  indestructible,  places  the 
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that  while  the  former  has  only  about  0.4  per  cent,  of  car- 
bon, the  latter  contains  from  1.25  to  1.50  per  cent. 

It  will  be  observed  that  nearly  all  the  recent  efforts  to 
improve  the  quality  of  all-steel  armor  plate  have  been  in 
the  direction  of  securing  this  varying  degree  of  hardness 
from  front  to  back.  In  the  Schneider  plate  the  face  is 
given  a  somewhat  greater  hardness  by  tempering  in  oil. 
By  the  Harvey  process  it  is  claimed  that  any  mild  steel 
plate  can  be  so  tempered  as  to  give  a  great  face-hardness, 
while  the  back  retains  its  original  quality,  without  creating 
any  tendency  to  separation.  Recent  experiments  indicate 
that  this  claim  is  well  founded.  In  just  what  way  an  alloy 
of  nickel  improves  an  armor  plate  may  be  hard  to  explain. 
That  it  does  improve  it  can  hardly  be  questioned,  giving 
it  greater  toughness  and  elasticity,  if  not  greater  hard- 
ness. 

Wrought-iron  armor  held  undisputed  possession  of  the 
tield  until  the  Schneider  all-steel  armor  was  brought  for- 
ward so  successfully  in  the  Spezzia  experiments  of  1876. 
A  year  later  the  compound  plate,  as  at  present  manufac- 
tured, appeared,  although  Cammell  &  Company  had  en- 
tered the  lists  ten  years  earlier  as  manufacturers  of  a  com- 
bination of  iron  and  steel,  but  in  these  earlier  methods 
attempts  were  made  to  weld  the  steel  face  directly  to  the 
iron  back.  The  Schneider  plate,  in  reaching  its  present 
state  of  excellence,  has  passed  through  many  stages  of 
hardness,  from  the  steely  iron  of  the  first  plates  to  those 


trial  of  armor-plate  upon  a  much  more  satisfactory  foot- 
ing than  it  has  ever  been  before.  It  is  now  possible  by 
calculation  to  match  gun  against  plate  in  such  a  way  as 
to  give  to  the  projectile  a  striking  energy  barely  sufficient 
to  perforate  the  plate  before  it.  Under  such  conditions 
to  measure  the  relative  resisting  qualities  of  rival  plates 
is  not  a  difficult  matter.  For  this  reason  the  trials  that 
have  been  held  during  the  past  12  months  are  particularly 
/aluable.  There  has  been  no  great  overmatching  either 
on  the  side  of  the  gun  or  of  the  armor-plate.  A  brief  ex- 
amination into  the  details  of  the  Ochta  and  Annapolis 
trials  of  last  autumn,  and  the  more  recent  ones  at  the 
latter  place,  will  give  a  fair  idea  of  the  present  state  of 
armor  development.  It  should  be  said  that,  excepting  the 
Annapolis  trial,  the  official  reports  are  not  at  hand.  The 
details  given  are.  however,  believed  to  be  correct.  ♦ 

THE  ANNAPOLIS  TRIAL. 

This  trial,  the  most  important  ever  had  in  this  country, 
was  originally  intended  as  a  test  for  Holtzer  projectiles, 
and  for  this  purpose  the  two  French  plates  were  pur- 
chased. Subsequently,  at  the  request  of  Cammell  &  Com- 
pany, it  was  made  a  competitive  armor-plate  test,  and 
opened  to  all  comers.  The  three  plates  entered  were  the 
two  French  steel  and  an  English  compound,  Wilson's 
patent. 

The  Schneider  plates  were  each  10.5  in.  and  the  English 
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10.6  in.  in  thickness,  and  all  6  x  8  ft.  The  all-steel  plates 
contained  about  0.33  per  cent,  of  carbon  ;  the  nickel  steel 
between  4  and  5  per  cent,  of  nickel  alloy.  The  backing 
was  36  in.  of  oak  timber,  well  braced,  behind  which  was 
a  well-rammed  mound  of  earth. 

The  gun  was  a  6  in.  B.  L.  R.,  35  calibers  in  length. 
The  projectiles,  Holtzer  forged  chrome-steel  shell,  weighted 
with  sand  and  fragments  of  iron  to  100  lbs.  each.     The 


the  first  day's  trial,  save  for  a  few  short  surface  cracks, 
the  plate  was  apparently  in  good  condition.  The  8-in. 
shot  started  four  through  cracks,  radiating  from  the 
center  in  the  form  of  an  X,  as  shown,  but  these  were  only 
through  in  places,  and  the  plate  still  had  strength  to  sup- 
port its  own  weight. 

The  Nickel  Steel  Plate.— Tht  first  and  fourth  projectile 
fired  on  the  first  day  broke  up  alter  penetrating  13.5  in.  and 
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charge  in  each  case  was  44^  lbs.  brown  prismatic  powder  ; 
the  striking  velocity  of  the  projectile  2,075  foot-seconds, 
and  the  striking  energy  2,988  foot-tons.  The  targets  were 
arranged  in  a  semi-circle,  28  ft.  from  the  muzzle  of  the  gun. 
The  trial  began  on  September  18,  when  four  shots  were 
fired  at  each  of  the  plates  from  the  6-in.  gun,  beginning  in 
the  lower  right-hand  and  ending  ip  the  upper  left-hand 
corner  of  the  plates.  Four  days  later  a  single  shot  from  an 
8-in.  riHe  was  fired  at  the  center  of  each  plate.    In  the  second 


7  in.  respectively  ;  the  second  and  third  stuck  after  pene- 
trating 15,5  in.  and  12.5  in.  respectively.  The  front  bulge 
averaged  a  little  more  than  an  inch  ;  the  back  bulge  was 
from  4  to  6  in.  The  8-in.  shot  formed  a  3.5  in.  crater  in 
back  of  plate.  There  were  no  visible  cracks  on  the  plate. 
The  Compound  Plate. — The  first  three  projectiles,  on 
the  first  day's  trial,  perforated  the  plate  and  lodged  in  the 
oak  backing.  The  fourth  passed  through  both  plate  and 
backing  and  broke  up.     The  8-in.  shot  tore  a  hole  through 
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trial  a  210-lb.  Firth  armor-piercing  shell  was  thrown  by 
85  lbs.  of  brown  prismatic  powder,  with  a  striking  velocity 
of  1,850  foot-seconds  and  a  striking  energy  of  4,986  foot- 
tons. 

The  accompanying  figures  will  give  a  better  idea  of  the 
appearance  of  the  plates  at  the  end  of  the  trial  than  any 
written  description  can  do.  To  summarize  briefly,  the 
effects  of  the  shot  and  .the  behavior  of  the  plates  were  as 
follows  : 

Schneider  All-Steel  Plate. — The  first  projectile  pene- 
trated about  10  in.  and  stuck,  apparently  uninjured.  The 
penetration  of  the  other  three  was  about  12  in.  in  eacn 
case.  All  rebounded,  two  remaining  intact  except  for  a 
little  shortening,  the  other  breaking  up  into  5  or  6  pieces. 
The  8-in.  shot  penetrated  about  15  in.,  rebounded  and 
broke  into  three  large  pieces.  About  each  shot-hole  there 
was  a  front  bulge  of  about  i  in.  and  a  projecting  fringe, 
and  a  back  bulge  about  three  times  as  great.  The  back 
bulge  of   the  ^8-in.  shot  was  .6.25    in.      At    the    end  of 


plate,  backing,  and  penetrated  15  ft.  into  the  earth  be- 
hind. At  the  end  of  the  first  day's  firing  the  steel  face 
above  the  upper  shot  holes  had  been  thrown  off,  the  face 
was  badly  cracked  elsewhere, *and  the  whole  plate  on  the 
verge  of  disintegration.  The  8-in.  shot  wrecked  the  plate, 
leaving  but  a  tew  fragments  of  the  steel  face  in  place  ; 
the  front  scaling  off  to  a  maximum  depth  of  about  6  in. 
The  following  is  the  summary  of  the  report  of  the  Board  : 

The  Coinpound  Plate  was  perforated  by  all  projectiles,  and 
its  steel  face  was  destroyed.  Two  of  the  shells  passed  com- 
pletely through  both  plate  and  backing. 

Both  Steel  Plates  kept  out  all  projectiles,  the  All- Steel  Plate 
showing  slightly  greater  resistance  than  the  Nickel  Steel  Plate, 
but  the  former  was  badly  cracked  by  the  8-in.  shell,  while  the 
latter  remained 'uncracked.  The  Board,  therefore,  places  the 
three  plates  tested  in  the  following  order  of  relative  merit : 

I.  Nickel  Steel  ;  2.  All  Steel  ;  3.  Compound. 

In  the  figures  referred  to  fig.  i  represents  the  plates 


314 


THE    RAILROAD    AND 


[July,  1891. 


as  Wilson's  and  Kills'— di^er  only  in  the  methods  of 
manufacture.  In  both  a  soft  iron  back  is  prepared  and 
raised  to  a  welding  heat,  and  directly  uj)on  this,  in  the 
Cammell  plate,  is  run  the  melted  steel,  which  partially 
carbonizes  a  layer  of  the  soft  iron  and  creates  a  zone  of 
semi  steel.  In  the  improved  Wilson  process  two  layers 
of  steel  are  run  upon  the  soft  liack  ;  one  of  very  mild  the 
other  of  very  hartl  steel.  In  the  Brown  proces->  the  hard 
lace  plate  is  prepared  in  advance,  and  then  Itetween  this 
face  and  the  iron  back  molten  steel  is  introduced,  formfng 
a  weltling  joint  !)etween  the  two.  The  plates,  in  both 
cases,  are  reheated  and  rolled  down  to  the  proper  thick- 
ness. After  bein<^  planed  and  macldned  to  the  proper 
form  and  dimensions,  the  faces  of  the  plates  are  tempered 
and  annealed  to  remove  internal  strains. 

The  ddff  rence  in  h.inlnt'ss  between  an  all-steel  and  the 
f.ice  of  an  improve  I  \ViIs«>n  p'ate  is  indicated  by  the  fact 


used   in   the   Russian   experiments  of    1SS2,   which    were 
almost  as  brittle  as  cast-iron. 

An  extended  series  of  trials  were  held  at  I'ortsmouth  in 
1888,  in  which  steel  and  compound  plates,  all  of  English 
manufacture,  were  brought  into  competition.  These  trials 
clearly  demonstrated  the  superiority  of  English  compound 
over  I'.nglish  all-steel  armor  plate.  In  the  Helder  (Hoi 
land)  trials,  November,  1S89,  four  compound  plates  were 
tested— two  English,  a  Brown  and  a  Cammell  (Wilson's), 
and  two  French,  a  St.  Chammond  and  a  Marrel,  both  made 
under  the  Wilson  patent.  The  result  showed  that  English 
were  superior  to  French  comjiound  plates,  and  called 
attention  anew  to  the  excellency  of  English-made  com 
pound  armor,  without  however,  settling  the  question  of 
superiority  between  it  and  the  I'rench  all-steel  plate. 

The  possession  of  a  projectile,  such  as  we  now  have  in 
the   Ib)l'/rr,  that   is   practically  indestructible,  places  the 
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that  while  the  former  has  only  about  0.4  per  cent,  of  car 
bon,  the  latter  coiitains  from  1.25  to  1.50  per  cent. 

It  will  be  o!>served  that  nearly  all  the  recent  efforts  to 
improve  the  quality  of  all-steel  armor  plate  have  been  in 
the  direction  of  securing  this  varying  dei;ree  of  hardness 
from  front  to  back.  In  the  Schneider  plate  the  face  is 
given  a  somewhat  greater  hardness  by  tempering  in  oil. 
By  the  Harvey  process  it  is  claimed  that*  any  mild  steel 
plate  can  he  so  tempered  as  to  give  a  great  face-hanliiess, 
while  the  back  retains  its  original  qualily,  without  creating 
any  tendency  to  separation.  Recent  experiments  indicate 
that  this  claim,  is  well  founded.  In  just  what  way  an  alloy 
of  nickel  improves  an  armor  plate  may  be  hard  to  explain. 
That  it  does  improve  it  can  hardly  be  (juestioned,  giving 
it  greater  toughness  and  elabticity,  if  not  greater  hard- 
ness. 

Wrought-iron  armor  hcUl  undisputed  possession  of  the 
Held  until  the  Schneider  all  steel  armor  was  brought  for- 
ward so  successfully  in  the  Spe//ia  experiments  of  1876. 
.V  year  later  the  compound  plate,  jis  at  present  manufac- 
tured, appeared,  although  CammeJl  vS:  Company  had  en- 
tered the  lists  ten  years  earlier  as  manufacturers  of  a  com- 
l)ination  of  iron  and  steel,  but  in  these  earlier  methods 
attempts  were  made  to  weld  the  steel  face  directly  to  the 
iron  back.  The  Schneider  plate,  in  reaching  its  present 
state  of  excellence,  has  passeti  through  many  stages  of 
hardness,  from  the  steely  iron  of  the  tirst  plates  to  those 


trial  of  armor-.^)late  upon  a  much  more  satisfactory  foot- 
ing than  it  has  ever  been  before.  It  is  now  possible  by 
calculation  to  match  gun  against  plate  in  such  a  way  as 
to  give  to  the  projectile  a  sinking  energy  barely  sufficient 
to  perforate  the  plate  before  it.  Under  such  conditions 
to  measure  the  relative  resisting  (jualities  of  rival  plates 
is  not  a  dilficult  matter.  For  this  reason  the  trials  that 
have  been  held  during  the  past  12  months  are  particularly 
t'aluable.  There  has  been  no  great  o\'ermatching  either 
on  the  side  of  the  gun  or  of  the  armor-plate.  A  l)rief  ex- 
amination into  the  details  of  the  Ochta  and  .\nnapolis 
trials  of  last  autumn,  and  the  more  recent  ones  at  the 
latter  place,  will  give  a  fair  idea  of  the  present  state  of 
armor  development.  It  should  be  said  that,  excei)ting  the 
Annapolis  trial,  the  official  rej)orts  are  not  at  hand.  The 
details  given  are.  however,  believed  to  be  correct. 

Tin:  ANNAPOLIS  TKI.VI..       -.    , 

This  trial,  the  most  important  ever  had  in  this  country, 
was  ori-inally  intentled  as  a  test  for  lloltzer  projectiles, 
antl  for  this  purpose  the  two  French  plates  were  pur- 
chased. Subsequently,  at  the  request  of  Cammell  &  Com- 
pany, It  was  made  a  competitive  armor-plate  test,  and 
opened  to  all  comers.  The  three  plates  entered  were  the 
two  French  steel  and  an  English  compound,  Wilson's 
patent. 

The  Schneider  plates  were  each  10.5  in.  and  the  English 
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ia.6  in.  in  thickness,  and  all  6x8  ft.  The  all-steel  plates 
contained  about  0.33  per  cent,  of  carbon  ;  the  nickel  steel 
iftween  4  and  5  per  cent,  of  nickel  alloy.  The  backing 
was  />  in.  of  oak  timber,  well  braced,  behind  which  was 
.1  weil-rammed  mound  of  earth. 

The  gun  was  a  6  in.  B.  J^.  R.,  35  calibers  in  Length. 
Ihc  projectiles,  Holtzer  forged  chrome-steel  shell,  weighted 
with  sand  and  fragments  of  iron  to  loo  lbs.  each. 


The 


the  first  day's  trial,  save  for  a 'few  short  sjirlate  cracks, 
the  plate  was  apparently  in  good  condityfin.  /The  8-in. 
shot  started  four  through  cracks,  radiating  from  the 
center  in  the  form  of  an  X,  as  shown,  but  these  were  only 
through  in  places,  and  the  plate  still  had  strength  to  sup 
port  Its  own  weight. 

The  i\';V/,v/  S/t\'^  P/afe.— The  first  and  fourth  projectile 
tifed  on  the  first  clay  broke  up  alter  penetrating  13.5  in.  and 
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charge  in  each  case  was  44I  IIjs.  brown  prismatic  powder; 
the  striking  velocity  of  the  projectile  2.075  foot-seconds, 
ttnd  the  striking  energy  2,(;88  foot-tons.  .  Thr  targets  were 
:irr.inge<l  in  a  semi  circle,  28  ft.  from  the  muzzle  of  the  gun. 
The  trial  began  on  September  18.  when  four  shots  were 
tired  at  each  of  the  plates  from  the  6-in.  gun,  beginning  in 
the  lower  right-hand  and  eniling  in  the  uppei  left-hand 
corner  of  the  plates.  Four  days  later  a  sin;.;le  shot  from  an 
S  in.  rille  was  tired  at  the  center  of  each  plate.     In  the  second 


7  in,  respectively  ;  the  second  ami  third  stuck  after  pene 
trating  15.5  in.  and  12.5  in.  respectively.  The  front  bulge 
averaged  a  little  more  than  an  inch  ;  the  back  bulge  was 
from  4  to  6  in.  The  8  in.  shot  formed  a  3.5  in.  crater  in 
back  of  plate.  There  were  no  visible  cracks  on  the  plate. 
The  Compound  I'la/e.  'VhG.  lirst  three  projectiles,  on 
the  tirsl  day's  trial,  perforated  the  plate  and  lodged  in  the 
oak  backing.  The  fourth  passed  through  both  plate  and 
backing  and  broke  up.     The  8-in.  shot  tore  a  hole  through 
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trial  a  210-Ib.  Firth  armor-i)iercing  shell  was  thrown  by  ]  plate,  backing,  and  penetrated  15  ft.  into  the  earth  be- 
hind. At  the  end  of  the  iirst  day  s  tiring  tiie  steel  face 
above  the  upper  shot  holes  had  been  thrown  oif,  the  face 
was  badly  cracked  elsewhere,  and  the  whole  plate  on  the 
verge  of  disintegration.  The  8-in.  shot  wrecked  the  plate, 
leaving  but  a  tew  fragments  of  the  steel  face  in  place  ; 
the  front  scaling  off  to  a  maximum  depth  of  about  6  in. 
The  following  is  the  summary  of  the  report  of  the  Board  : 


85  lbs.  of  brown  prismatic  powder,  with  a  striking  velocity 
of  1,850  foot-s<iConds  and  a  striking  energy  of  4,980  foot- 
tons. 

The  accompanying  figures  will  give  a  better  idea  of  the 
appearance  of  the  plates  at  the  ttwd  of  the  trial  than  any 
written  description  can  do.  To  summarize  brielly,  the 
elfects  of  the  shot  and  .the  behavior  of  the  plates  were  as 
follows  :  .•  :  ' '. 

Sclniiider  .Ul-Siccl  Phxtc. — The  first  projectile  pene- 
tratetl  about  10  in.  and  stuck,  apparently  uninjured.  The 
penetration  of  the  other  three  was  about  12  in.  in  eacn 
case.  All  rebounded,  two  remaining  intact  except  for  a 
little  shortening,  the  other  breaking  up  into  5  or  6  pieces 
The  8-in.  shot  penetratei 
broke  into  three  large  pieces. 


about   15   in.,   rebounded   and 


was  a  front  bulge  of  atjout 


About  each  shot-hole  there 
n.  and  a  projecting  fringe, 
and  a  back  bulge  about  three  times  as  great.     The  back 
bulge  of   the  ^S-in.  shot  was  6.25    in.      At   the   end  of 


The  Compound  Pi.^tc  was  perforated   by  all   projectiles,   and 
its  steel   face  was  desiroyeti.     Two  of  the  shells  passed  com 
pictely  through  both  plate  and  backing. 

Both  Steel  Plates  kept  out  all  projectiles,  the  All  Steel  Plate 
showing  slightly  greater  resistance  than  the  Nickel  Steel  Plate. 
but  the  former  was  badly  cracked  by  the  S-in.  shell,  while  the 
latter  remained  uncracked.  The  Board,  therefore,  places  the 
three  plates  tested  in  the  following  order  of  relative  merit  : 
,   I,  Nickel  Steel  ;  2.  AH  Steel  ;  3.  Compound. 

In  the  figures  referred  to  lig.  1   represents  the  plates 
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after  the  four  shots,  at  the  end  of  the  rtrst  day-'s  trial  ;  fig. 
2  shows  the  appearance  of  the  fronts  of  the  plates  after 
the  8-in  shot  had  been  delivered  ;  tig.  3  the  backs  of  the 
plates  after  they  were  removed  from  their  backing  at  the 


in.  of  pine  timber  well  braced.  A  Kolpoui  (Russian) 
compound  plate,  made  under  the  Wilson  patent,  had  been 
ordered  for  this  trial,  but  for  some  reason  was  not  ready 
for  trial  until  some  days  later. 
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(Figures  refer  to  Serial  Numhtr  of  Rounds!) 


end  of  the  trial  ;  fig.  4  is  from  a  photograph  of  the  six 
recovered  6-in,  projectiles. 

I  am  indebted  to  the  courtesy  of  the  United  States  Naval 
Institute  for  the  use  of  the  plates  of  figs,  i  and  4. 

THE  OCHTA   TRIAL.  / 

This  took  place  at  the  Polygon  of  Ochta,  near  St.  Peters- 
burg, on  November  11  last,  under  the  direction  of  Russian 
naval  officers.  It  is  particularly  interesting  in  that  the 
conditions  of  the  trial  were  very  similar  to  those  at  An- 
napolis, while  the  results  obtained  were  of  a  widely  different 
character. 

The  gun  was  a  35-caliber,  6-in.  B.  L.  R.,  of  Russian 
make  ;  the  projectiles  were  likewise  of  domestic  manufac- 


Five  shots  were  fired  at  each  plate,  whose  appearance 
at  the  end  of  the  trial  is  shown  in  fig.  5.  In  this  figure 
the  through  cracks  are  indicated  by  the  letter  "  t." 
Briefly  stated,  the  effects  produced  were  as  follows  : 

Schneider  Plate. — None  of  the  projectiles  got  their 
points  through  the  plate.  The  maximum  penetration  was 
1 1.4  in.,  the  metal  bending  back  beyond  the  back  face 
of  the  plate.  The  minimum  penetration  was  9  in. 
Three  of  the  projectiles  rebounded,  somewhat  set  up  and 
two  broke  up.  The  plate  was  badly  cracked,  as  is  seen, 
the  four  corners  being  broken  away,  but  held  in  place  by 
the  bolts. 

The  Vickcrs  Plate. — Two  of  the  projectiles  lodged  in 
the  plate,  their  bases  being  2  in.  and  5  in.  past  the  front 
face  of  the  plate,  with  their  noses  presumably  in  the  back- 


Srowft 


Schne/drr 


Vickert 


FIG.    5.     THE   PLATES   AFTER   THE   OCHTA   TRIALS. 


ture,  but  made  upon  Holtzer's  system  and  under  the 
direction  of  his  own  men.  They  weighed  about  90  lbs. 
each,  were  16  in.  in  length,  and  had  a  calculated  pene- 
tration of  10  in,  of  steel  or  steel-faced  armor.  The  average 
striking  velocity  of  the  five  projectiles  fired  was  a  little 
over  2,000  foot-seconds  and  the  striking  energy  about 
2,500  foot-tons.     The  range  was  about  130  yards. 

Three  plates  were  submitted  for  trial  :  i.  A  Schneider 
oil-tempered  and  hammered  all-steel  plate,  said  to  have 
contained  3  per  cent,  of  nickel  ;  2,  A  Vickers  solid  steel, 
rolled  and  hydraulic  pressed,  but  untempered  plate  ;  3. 
A  Brown  (Ellis)  compound  plate.     The  backing  was  12 


ing  ;  three  of  the  projectiles  rebounded,  one  partially 
breaking  up,  the  others  in  good  condition.  The  minimum 
penetration  was  11.75  in.,  the  point'of  one  projectile  get- 
ting 3  in.  beyond  the  back  of  the  plate  before  rebounding. 
There  were  a  number  of  through  cracks,  one  corner  being 
pretty  well  broken  up. 

The  Brown  Plate. — The  minimum  penetration  was  13 
in.;  two  projectiles  stuck  in  the  plate,  their  bases  project- 
ing 2j  in.  and  3  in.  from  its  face  ;  three  passed  entirely 
through  both  plate  and  backing. ,  There  were  a  number 
of  through  cracks  and  some  breaking  away  of  the  metal 
around  the  shot-holes. 
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Satisfactory  details  of  the  trial  of  the  Kolpoui-Wilson 
compound  plate,  which  took  place  a  few  days  after  the 
above,  are  wanting.  It  is  reported  that  five  shots  were 
fired  under  like  conditions  as  those  of  November  ii  ;  that 
one  shell  reached  the  backing  ;-  that  there  were  no  through 
cracks,  and  that  the  plate  behaved  better  than  any  of  the 
three  tested  on  that  date. 

In  the  above  trial,  leaving  the  Wilson  plate  out  of  the 
account,  the  Schneider  plate,  for  purposes  of  protection, 
was  unquestionably  the  best,  while  the  Brown  compound 
made  the  poorest  showing,  T/ig  Engineer  (London), 
whose  preference  one  may  suppose  to  be  naturally  for 
English  plates,  speaking  of  this  trial  says  : 

There  is  less  penetration  in  it  (Schneider's)  than  in  either  of 
the  others.  The  center  has  failed  most,  yet  taking  it  alto- 
gether a  ship  would  have  been  more  completely  protected  by 
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this  plate  than  by  either  of  the  others.  The  bulges  would 
probably  not  have  been  sufficient  to  break  framing  behind 
them,  while  against  perforation — and  this  is  the  evil  to  be 
specially  dreaded  by  ships— this  armor  would  have  afforded 
complete  protection,  and  then  the  time  for  replacing  the  plates 
would  be  less  and  there  would  be  less  repair  needed  to  the 
structure  of  the  ship  than  in  either  of  the  other  cases.  .  .  . 
Vickers  plate  held  together  admirably  ;  .  .  .  from  the  from 
hardly  an  atom  was  detached  ;  .  .  .  the  behavior  of  the 
plate,  in  some  respects,  suggested  the  presence  of  nickel,  yet 
analysis  and  the  maker's  statements  both  tell  us  there  was 
none.  .  .  .  We  think  that  it  will  be  felt  that  the  all  steei 
has  beaten  the  compound  more  decidedly  than  we  first  re- 
ported. .  .  .  Curiously  enough,  if  the  Annapolis  plates' 
backs  and  fronts  be  compared  with  those  tested  at  Ochta,  the 
relative  behavior  of  the  nickel  and  other  steel  plates  is  re- 
versed. At  Annapolis  the  nickel  plate  admitted  of  more  pene- 
tration, but  held  capitally  together.  At  Ochta,  the  Vickers 
plate,  with  no  nickel,  behaved  in  this  way,  as  compared  with 
the  Schneider,  containing  3  per  cent,  of  nickel. 


Mr.  B.  H.  Thwaite.  of  Liverpool,  England,  has  re- 
cently invented  a  tubulous  boi|er,  for  which  numerous  ad- 
vantages are  claimed.  The  accompanying  illustrations, 
from  the  Steamship,  show  this  boiler,  fig.  i  being  a  cross- 
section,  fig.  2  a  longit<idinal  section,  and  fig.  3  the  details 
of  the  joint  on  a  larger  scale. 

From  fig.  I  it  will  be  seen  that  a  steam  drum.  A,  of  the 
form  shown  is  provided  with  a  number  of  vertical  tubes, 
B  B,  which  act  as  stays  and  also  serve  to  distribute  more 
equally  the  products  of  combustion,  increasing  the  heat- 
ing surface  and  drying  the  steam.  These  tubes  pass 
through  a  separator  plate,  C,  fixed  in  the  steam  drum  at  a 
point  just  above  the  surface  of  the  water,  the  holes  in  this 
plate  through  which  the  tubes  pass  being  2  mm.  in  diam- 
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(to  be  continued.) 
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eter  larger  than  the  tubes.  At  each  side  of  the  steam 
drum,  jackets  DD  are  provided,  with  which  each  set  of 
the  generating  tubes  E  E  is  in  communication.  At  the 
upper  part  of  these  jackets  an  opening  for  steam  into  the 
steam  drum  A  is  provided,  which  may  consist  of  a  num- 


3i6 


THE    RAILROAD    AND 


[July.  1891. 


after  the  four  shots,  nt  the  end  of  the  lirst  day's  trial  ;  lig. 
2  shows  the  appearance  of  the  fronts  of  the  plates  after 
the  S  in  shot  had  l)een  delivered  ;  li^.  3  the  backs  of  the 
plates  ;ifter  ttiey  were  removed   from  their  backing  at  the 


in.  of  pine  timber  well  braced.  A  Kolpoui  (Russian) 
compound  plate,  made  under  the  Wilson  patent,  had  been 
ordered  for  this  trial,  but  for  some  reason  was  not  ready 
for  trial  until  some  days  later. 


FIG.   4.      RECOVERED   SIX-INCH    PROJECTILES/iANN APOLIS   TRIAL. 

{I-'igurt'S  rc/rr  t.<  Si-ri'.i/  Suiiiber  of  Koiiuds.^ 


end  of   the  trial  ;  tig.  4  is  from  a  photograph  of  the  six 
recovered  6-in.  projectiles. 

I  am  indebted  to  the  courtesy  of  the  United  States  Naval 
Institute  for  the  use  of  the  plates  of  ligs.  i  and  4. 

THE  LMJHTA     IklAL. 

This  took  place  at  the  Polygon  of  Ochta,  near  St.  Peters- 
burg, on  November  11  last,  under  the  direction  of  Russian 
naval  officers.  It  is  particularly  interesting  in  that  the 
conditions  of  the  trial  were  very  similar  to  those  at  An- 
napolis, while  the  results  obtained  were  of  a  widely  different 
character. 

The  gun  was  a  35-caliber,  6  in.  P..  L.'R.,  of  Russian 
make  :  the  projectiles  were  likewise  of  domestic  manufac- 


Five  shots  were  fired  at  each  plate,  whose  appearance 
at  the  end  of  the  trial  is  shown  in  lig.  5.  In  this  ligure 
the  through  cracks  are  indicated  by  the  letter  "  t." 
Brielly  stated,  the  effects  produceil  were  as  follows  : 

Schneider  Plate. — None  of  the  projectiles  got  their 
points  through  the  plate.  The  maximum  penetration  was 
1 1.4  in.,  the  metal  bending  back  l)eyond  the  back  face 
of  the  plate.  The  minimum  penetration  was  9  in. 
Three  of  the  projectiles  rebounded,  somewhat  set  up  and 
two  broke  up.  The  plate  was  badly  cracked,  as  is  seen, 
the  four  corners  being  broken  away,  i)ut  held  in  place  by 
the  bolls. 

The  Vickcrs  Plate. — Two  of  the  projectiles  lodged  in 
the  plate,  their  bases  being  2  in.  and  5  in.  past  the  front 
face  of  the  plate,  with  their  noses  presumably  in  the  back 
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Sehr>f/dtr  Vickers 

THE  PLATES  AFTER  THE  OCHTA  TRIALS. 


ture,  but  made  upon  Holtzer's  system  and  under  the 
direction  of  his  own  men.  They  weighed  about  i/>  lbs. 
each,  were  16  in,  in  length,  and  had  a  calculated  pene- 
tration of  Id  in.  of  steel  or  steel-faced  armor.  The  average 
striking  velocity  of  thc  live  projectiles  tired  was  a  little 
over  2.000  foot  seconds  and  theC&triking  energy  about 
2,5*>3  foot-tons.     Tile  range  was  aI)out  130  yards. 

Three  plates  were  submitted  for  trial  :  i.  A  .Schneider 
oil-tempered  and  hammered  all-steel  plate,  said  to  have 
contained  3  per  cent,  of  nickel  ;  2.  A  Vickers  solid  steel, 
rolled  and  hydraulic  pressed,  but  untem|)ered  plate  ;  3. 
A   IJrown  (Ellis*  compound  plate.     The   backing  was  12 


ing  ;  three  of  the  projectiles  rebounded,  one  partially 
breaking  up,  the  others  in  good  condition.  The  minimum 
penetration  was  11.75  in.,  the  poinl"of  One  projectile  get- 
ting 3  in.  beyond  the  back  of  the  plate  before  rebounding. 
There  were  a  number  of  through  cracks,  one  corner  being 
pretty  well  broken   up. 

The  B/\Kl'/i  PAite.—The  minimum  penetration  was  13 
in.;  two  projectiles  stuck  in  the  plate,  their  bases  project- 
ing 2'i  in.  and  3  in.  from  its  face  ;  three  passed  entirely 
through  both  plate  and  backing. ,  There  were  a  number 
of  through  cracks  and  some  breaking  away  of  the  metal 
around  the  shot-holes. 
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Satisfactory  details  of  the  trial  of  the  Kolpoui  Wilson 
. onipound  plate,  which  took  place  a  few  days  after  the 
i'>ove,  are   wanting.      It   is   reported    that    live  shots  were 

red  under  like  conditions  as  those  of  November  ii  ;  that 
irie  shell  reached  the  l)acking  ;  that  there  were  no  throii<;h 

racks,  and  that  the  plate  behaved  better  than  any  of  the 
il.ree  testeil  on  that  date. 

In  the  above  trial,  leaving  the  Wilson  plate  out  of  the 
nrcount,  the  Schneider  |)late,  for  purposes  of  protection, 
was  uri(|Uestionably  the  best,  while  the  I'.rown  compound 
made  the  poorest  showing.  77u:  Eih^inccr  (London), 
whose  preference  one  may  suppose  to  be  naturally  for 
i'.nglish  plates,  speaking  of  this  trial  says  : 

There  i.s  less  penetration  in  it  (Schneider's)  than  in  either  of 
ilie   others.      The   center   has   failed   most,    yet   taking   it   alto 
L^eiher  a  ship  would  have  been  more  completely  protected  by 


Fig.  J. 


this  plate  than  by  either  of  the  others.      The  bulges  would 

proli.ibly  not  have  been  sulTicient  to  break  framing  behin.l 
them,  while  ai^ainst  perforation — and  this  is  the  evil  to  be 
^ptjcially  ilreaded  by  ships— this  armor  would  have  alfordt-d 
complete  prt)tection,  and  then  the  time  for  replacing  the  plates 
would  be  less  and  there  would  be  less  repair  needed  to  the 
structure  of  the  ship  than  in  either  of  the  other  cases. 
Vickers  plate  held  together  admirably  ;  .  .  .  from  the  front 
hardly  an  atom  was  detached  ;  .  .  .  the  behavior  of  the 
plate,  in  some  respects,  suggested  the  presence  of  nickel,  yet 
:inalysis  and  the  maker's  statements  both  tell  us  there  was 
none.  .  .  .  We  think  that  it  will  be  fell  that  the  all  slec. 
has  beaten  the  compound  more  decidedly  than  we  first  re- 
ported. .  .  .  Curiously  enough,  if  the  Annapolis  plales' 
b.icks  and  fronts  be  compared  with  those  tested  at  Ochta.  the 
relative  t)ehavior  of  the  nickel  and  other  steel  plates  is  re 
versed.  At  Annapf)lis  the  nickel  plate  admitted  of  more  pene- 
tration, but  hclil  capitally  together.  At  Ochta.  the  Vickers 
I)l;ite.  with  no  nick^l,  behaved  in  this  way,  as  compared  with 
the  Schneider,  containing  3  per  cent,  of  nickel. 

(to  be  continued.)  ;  •  *  -  ^ 


NEW  TUBULOUS   BOILERS. 


Mu.    B.    H.   Thwaite.   of  Liverpool,   England,  has   re 
cently  invented  a  tubulous  boiler,  for  which  nuinerous  ad 
vantages  are  claimed.     The  accompanying  illustrations, 
from  \\\Q.  Stri}i>isJitp,  show  this  boiler,  lig.  i  being  a  cross- 
section,  lig.  2  a  loiigit-udinal  section,  and  tig.  3  the  dttails 
of  the  joint  on  a  larger  scale. 

I  rom  tig.  I  it  will  be  seen  that  a  steam  drum.  ./,  of  the 
form  shown  is  provided  with  a  number  of  vertical  tubes, 
/>•  7>,  which  act  as  stays  and  also  serve  to  distribute  more 
equally  the  products  of  combustion,  increasing  the  heat 
ing  surface  and  drying  the  steam.  These  tubes  pass 
through  a  separator  plate,  C,  fixed  in  the  steam  drum  at  a 
point  just  above  the-  surface  of  the  water,  the  holes  in  this 
plate  through  which  the  tubes  pass  being  2  mm.  in  diam  • 
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eter  larger  than  the  tubes.  At  each  side  of  the  steam 
druiTJ,  jackets  DD  are  provided,  with  which  each  set  of 
the  generating  tubes  A"  A"  is  in  communication.  At  the 
upper  part  of  these  jackets  an  opening  for  steam  into  the 
steam  drum  A  is  provided,  which  may  consist  of  a  num 
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ber  of  smaH  holes,  F F,  or  a  longitudinal  knife-edged  slot. 
By  this  arrangement  the  ascending  volume  of  water  and 
steam,  instead  of  bubbling  up  through  the  body  of  water, 
emerges  from  the  openings  F F,  the  water,  by  reason  of 
its  greater  momentum,  impinging  upon  the  surface  of  the 
water  in  the  drum  while  the  steam  enters  the  perforated 


j<*i. 
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collecting  pipe  A'.     It  is  claimed  that  by  this  device  prim- 
ing is  almost  entirely  prevented. 

The  generating  tubes  E  E  are  arranged  in  the  manner 
shown  in  tigs,  i  and  2,  exposing  a  very  large  surface  to 
the  action  of  the  fire.  At  their  lower  ends  these  tubes  are 
connected  with  two  water  drums,  M  M,  which  are  also 
connected  with  the  steam  drum  above  by  the  pipes  N N, 
tig.  2,  thus  securing  a  free  and  constant  circulation.  In 
order  to  strengthen  the  steam  drum  and  also  to  prepare  it 
for  the  reception  of  the  ends  of  the  tubes  E  E,  a  strip,  G, 
is  riveted  upon  the  side  along  the  entire  length  occupied 
by  the  tubes.  The  joint  is  made  by  means  of  clamps  and 
T-headed  bolts  H,  inserted  in  grooves,  as  shown  on  a 
larger  scale  in  fig.  3.  This  plan  permits  the  tubes  to  be 
removed  without  difficulty  when  repairs  are  needed. 


The  advantages  claimed  for  this  boiler  are  great  evapo- 
rative efficiency,  freedom  from  priming,  tree  circulation 
of  water,  and  facilities  for  repair  or  renewal  of  tubes. 
"2  The  grate  is  placed  between  the  two  cylinders  M  M, 
which  are  protected  by  fire-brick,  as  shown  in  tig.  i,  and 
the  entire  boiler  is  surrounded  by  an  iron  casing. 

In  figs.  4  and  5  is  shown  another  new  form  of  high- 
pressure  boiler  devised  by  H.  B.  Buckland,  and  recently 
tested  at  Shields,  England.  This  boiler,  which  the  in- 
ventor calls  the  "  Stanley,  '  is  spherical  in  form,  th^lower 
portion  being  reversed  to  form  the  crown  of  the  furnace, 
the  combustion  chambers,  three  in  number,  taking  away 
direct  tie  greater  part  of  the  gaseous  products  and  pass- 
ing them  through  the  upper  tubes  into  the  smokr-boxes, 
and  hence  to  the  funnel.  Large  lower  tubes  are  also  pro- 
vided in  the  lower  portion  of  the  boiler  to  take  away  part 
of  the  gases,  which  are  returned  through  the  ordinary 
tubes  into  the  combustion  chamber.  The  sides  of  the 
furnace  and  bottom  are  a  distinct  structure,  so  that  the 
boiler  has  practically  a  dry  bottom,  the  lower  water  spaces 
forming  a  feed-heater,  any  steam  generated  passing  direct 
through  piping  to  the  steam'dome  or  receiver. 

The  boiler  tested  is  shown  in  the  engravings,  which  are 
taken  from  Industries,  fig.  4  being  a  vertical  section  and 
fig.  5  a  section  on  the  line  A  B,  fig.  4.  This  boiler  is 
14  ft.  2>\  in.  high,  7  ft.  6  in.  diameter,  or  8  ft.  io|  in. 
diameter  to  the  outside  of  the  smoke-boxes.  It  contains 
252  tubes  2f  in.  external  diameter,  i  ft.  7^  in.  long,  84 
tubes  being  fitted  to  each  of  the  combustion  chambers. 
To  each  of  the  latter  there  are  also  fitted  thrfee  tubes  for 
admission  of  air,  each  being  fitted  with  an  apparatus  for 
regulating  the  quantity  admitted.  The  furnace  was 
bricked  round,  reducing  the  diameter  of  the  fire-grate 
to  4  ft.  3  in.,  equal  to  an  area  of  14.18  sq.  ft.  The  chim- 
ney, 2  ft.  6  in.  in  diameter,  26  ft.  4  in.  high  above  the  fire- 
bars, is  common  to  all  the  combustion  chambers.  The 
boiler  was  submitted  to  a  short  test,  lasting  \\  hours, 
simply  to  show  its  steaming  power,  the  results  being  satis- 
factory and  considered  better  than  the  ordinary  type  of 
marine  boiler.     It  was  worked  up  to  85  lbs.  only. 

One  of  these  boilers  has  been  put  in  the  steamer  Napier 
as  an  auxiliary  boiler,  and  will  Jse  tested  in  actual  service.  - 
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CHEMISTRY    APPLIED     TO     RAILROADS. 
XVIIL— HOW  TO   DESIGN    A   PAINT.f 


By  C.  B.  Dudley,  Chemist,  and  F.  N.  Pease,  Assist- 
ant Chemist,  of  the  Pennsylvania  Railroad. 


(Copyright,  1889,  *'y  C.  B.  Dudley  and  F.  N.  Pease.) 


(Continued  from  f  age  254.) 


In  the  April  number  we  discussed  the  question  of  How 
to  Design  a  Paint,  in  answer  to  the  question,  "  What  pig- 
ment shall  be  used  ?"  This  leaves  two  other  points  still 
to  be  discussed.  These  are,  first,  "  What  liquid  shall  be 
used  ?"  and,  second,  "  What  proportions  of  pigment  and 
liquid  give  best  results  ?" 

First,  in  regard  to  the  liquid.  With  the  present  state  of 
our  knowledge  it  almost  goes  without  saying  that  the 
litjuid  which  must  be  used  to  hold  pigment  on  a  surface  is 
necessarily,  largely  at  least,  linseed-oil,  since  this  oil  is 
abundant,  is  low  in  price,  and  has  the  interesting  property 
when  exposed  to  the  air  of  changing  chemically  from  a  more 
or  less  greasy  liquid  to  a  leathery  solid,  which  serves  ad- 


♦  The  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  ef  the  Pennsylvania  Railroad,  who  arc  in 
charge  of  the  testing  laboratory  at  Altoona.  They  will  give  summaries  of 
original  researches  and  of  work  done  in  testing  materials  in  the  laboratory 
referred  to,  and  very  complete  specifications  »f  Ine  different  kinds  of  material 
which  are  used  on  the  road  and  which  must  be  bought  by  the  Company. 
These  specifications  have  been  prepared  as  the  result  of  careful  investigations, 
and  will  be  given  in  full,  with  tlie  reasons  which  have  led  to  their  adoption. 

t  Continued.from  No.  XV,  in  the  April  number. 
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mirably  as  a  means  of  holding  pigment  on  a  surface.  It  is, 
of  course,  well  known  that  there  are  a  number  of  other  oils 
which  have  this  property,  notably  poppy-seed  oil  and 
'  hempseed  oil,  which,  if  our  experiments  are  to  be  trusted, 
is  often  a  constituent  of  the  linseed-oil  of  the  market,  and 
also,  to  a  certain  extent  at  least,  some  ot  the  hsh  oils.  It  is 
hardly  necessary  to  add  that  the  class  of  oils  that  is  or  may 
be  used,  as  the  principal  portion  of  the  liquid  in  paints, 
is  known  as  the  '*  drying^  oils."  It  may  be  mentioned  also 
that  there  are  a  number  of  oils  caUed  **  semi-drying  oils," 
the  most  common  of  these  being,  as  we  understand  the 
matter,  cotton-seed  oil.  None  of  the  drying  oils,  however, 
so  far  as  our  observations  go,  except  linseed-oil,  is  suffi- 
ciently cheap  and  abundant  to  be  used  with  success  as 
the  principal  portion  of  the  liquid  of  the  paint.  A  little 
further  on  we  will  speak  about  linseed-oil  substitutes. 

Let  it  be  granted,  then,  that  in  the  present  state  of  our 
knowledge  and  of  the  market,  linseed-oil  must  necessarily 
constitute  the  principal  portion  of  the  liquid  to  be  used  in 
paint.  But  raw  linseed-oil  alone,  at  least  with  some  pig- 
ments, will  not  make  a  satisfactory  paint,  because  it  dries 
so  slowly.  It  has  been  previously  stated  that  raw  linseed- 
oil  alone  spread  on  glass  requires  about  four  days  tq  dry, 
and  when  mixed  with  many  pigments  it  does  not  dry  much 
more  rapidly  than  this.  With  white  lead,  which  is  of 
itself  more  or  less  of  a  dryer,  the  time  is  shortened  some- 
what, and  the  same  thing  may  also  be  said,  we  think,  ot 
red  lead,  and  to  a  certain  extent  with  pigments  containing 
oxide  of  manganese,  such  as  umber  ;  but  in  general  the 
pigments  themselves  do  not  sufficiently  facilitate  the  dry- 
ing, so  that  it  would  be  safe  to  say  a  paint  might  consist 
of  pigment  and  raw  linseed-oil.  Accordingly  more  or  less 
of  a  material  called  japan  is  added  to  a  paint  and  becomes 
really  a  portion  of  the  liquid.  Japan,  in  brief,  may  be 
defined  as  a  soap  made  by  combining  lead  and  manganese 
oxides  with  linseed-oil  or  with  shellac,  or  in  some  cases 
with  other  oils,  >^hich  soap  is  subsequently  dissolved  in 
spirits  of  turpentine  or  benzine.  In  our  experience  the 
japans  of  the  market  vary  a  great  deal  in  their  capacity  to 
facilitate  drying.  With  some  of  them  the  greater  the 
amount  of  japan  present  the  smaller  the  time  required  for 
drying.  With  other  japans  an  increase  in  the  amount  of 
japan  beyond  a  certain  percentage  retards  the  drying,  so 
that  it  is  very  difficult  to  say  how  large  a  percentage  of 
japan  should  be  used  in  an  oil  in  order  to  give  successful 
results.  We  are  accustomed  with  any  new  japan  to  mix 
it  with  raw  linseed-oil  in  the  proportions  of  5.00,  10.00, 
20.00,  30.00,  and  40  00  per  cent,  of  japan  in  the  mixture, 
'  and  to  spread  the  various  mixtures  on  different  pieces  ot 
glass,  and  see  which  one  dries  the  best.  This  enables  us 
to  use  that  japan  wisely. 

We  prefer  japans  which  can  be  used  in  small  amount, 
and  the  best  japan  which  we  have  ever  seen  gave  most 
rapid  drying  when  used  to  the  extent  of  about  95.00  per 
cent,  raw  linseed-oil  and  5.00  per  cent,  japan.  We  prefer 
a  japan  of  this  nature,  and  would  likewise  think  it  unad- 
visable  to  use  a  japan  which  required  more  than  10.00  per 
cent.,  or  at  the  utmost  15.00  per  cent,  of  japan  to  85.00  of 
raw  linseed-oil. 

It  should  be  stated  that  many  of  the  japans  of  the  marTcet 
have  kauri  or  other  copal  gums  in  them  as  constituents. 
We  regard  this  as  a  mistake,  as  the  gum  occupies  space 
which  could  be  better  occupied  with  other  material.  If  it 
is  desired  for  any  purpose  to  have  special  gloss  on  the 
paint,  a  little  varnish  added  to  the  paint  is  better  than  to" 
have  this  material  introduced  through  the  japan. 

Thus  far,  then,  the  liquid  to  be  used  in  painting  is  found 
to  consist  of  raw  linseed-oil,  with  a  sufficient  percentage 
of  japan  in  it  to  produce  satisfactory  drying,  the  japan 
having  all  the  way  from  40  00  to  60.00  per  cent,  of  its 
weight  of  spirits  of  turpentine,  so  that  in  reality  the  liquid 
used  in  most  painting  consists  of  raw  linseed-oil,  the 
soaps  which  are  characteristic  of  the  japan,  which  like- 
wise dissolve  in  the  oil,  and  the  turpentine  introduced 
with  the  japan.  In  addition  to  this,  as  will  be  seen  a  little 
later,  we  are  inclined  to  fa/or  a  still  further  percentage 
of  turpentine  as  a  means  oi  diluting  the  paint  for  spread- 
ing. The  amount  of  this  and  the  reasons  why  will  be  ex- 
plained further  on.  The  three  things  mentioned— namely, 
raw   linseed-oil,  the    lead    and   manganese   soaps   intro- 


duced with  the  japan,  and  turpentine,  both  as  a  constitu- 
ent ot  the  japan  and  as  a  means  of  diluting  the  paint  for 
spreading,  we  regard  as  the  best  practice,  and  as  legiti- 
mate materials  to  form  the  liquid  part  of  paint. 

The  practice  of  many  painters,  and  especially  the  prac- 
tice of  paint  manufacturers  in  making  many  ot  tfe  cheap 
ready  mixed  paints  of  the  market,  differs  very  widely  from 
these  three  simple  constituents.  It  is  not  at  all  uncommon 
to  find  in  the  market  paint  mixed  with  so-called  linsced- 
oil  substitutes.  These  substitutes,  which  we  have  exam- 
ined, have  been,  largely  at  least,  either  petroleum  product 
mixed  with  fish  oils  or  doctored  in  other  ways  to  make 
them  dry,  or  rosin  oils  with  a  greater  or  less  amount  of 
fish  oil,  or  possibly  linseed-oil  doctored  up  in  some  other 
way  so  that  it  would  dry,  or  rosin  oils,  or  petroleum  prod- 
uct with  japans.  The  various  mixtures  are  difficult  to 
separate,  and  the  usual  test  which  we  have  put  the  so- 
called  linseed-oil  substitutes  to  is  to  determine  their  rate 
of  drying.  We  have  never  run  across,  in  our  experience, 
any  of  these  substitutes — with  we  believe  one  possible  . 
exception — that  were  not  so  slow  in  drying  that  this  feature 
alone  condemned  them,  and  so  we  have  not  tried  in  every 
case  to  find  out  exactly  of  what  the  substitute  consisted. 
We  have  had  samples  which  would  not  dry  in  four  or  live 
days,  where  good  linseed-oil  paint,  properly  made  and 
applied,  would  dry  in  eight  hours. 

We  would  not  at  all  like  to  be  regarded  as  saying  that 
nothing  can  be  tound  which  will  take  the  place  of  linseed- 
oil,  for  to  our  minds  linseed-oil  has  a  good  many  defects, 
and  we  should  only  be  too  glad  to  find  some  substance 
which  could  be  used  successfully  as  the  liquid  part  of 
paints  that  would  be  free  from  these  defects,  notably  the  per- 
meability of  the  dried  linseed-oil  to  water.  If  some  liquid 
could  be  found  which  would  dry  as  rapidly  as  linseed-oil, 
that  was  as  durable  as  dried  linseed-oil,  and  that  would 
make  a  paint  which  would  absolutely  repel  water,  it  cer- 
tainly would  be  a  great  discovery,  and  would  undoubtedly 
prove  of  great  value  to  the  person  who  first  brought  it  for- 
ward. Thus  far  in  our  experience  we  have  never  seen 
such  a  liquid. 

Our  experience  with  fish  oils  in  place  of  linseed-oil  has 
not  been  very  extended.  Usually,  ^o  far  as  our  experi-. 
ments  have  gone,  they  dry  more  slowly,  and  do  not  offer 
much  advantage  in  the  way  of  price  over  linseed-oil. 
Furthermore  a  paint  mixed  with  fish  oil  is  apt  to  dry 
spotted  and  sticky.  Quite  a  notable  exception  to  this 
general  criticism  of  fish  oils  is  a  prepared  fish  oil,  which 
has  recently  been  brought  to  our  attention.  This  oil,  so 
far  as  our  knowledge  goes,  has  been  treated  in  such  a 
way  that  it  dries  fully  as  rapidly  as  linseed-oil,  but  our 
experience  with  it,  especially  as  to  its  durability  and  be- 
havior on  exposure  to  the  weather,  is  so  meagre  that  we 
are  hardly  willing  to  do  anything  more  than  mention  the 
matter  as  above.  We  are  constantly  on  the  lookout  for 
any  modifications  of  paint  liquid  whicn  will  produce  better 
results,  and  only  regret  that  we  are  compelled  to  say  that 
thus  far  we  have  found  nothing  to  take  the  place  of  lin- 
seed-oil. 

Two  points  further  in  regard  to  paint  liquid.  We  have 
already  mentioned  that  spirits  of  turpentine  is  a  legiti- 
mate constituent  oi  paint  mixed  ready  for  spreading.  We 
are  finding,  however,  that  spirits  of  turpentine  in  the 
market  is  becoming  adulterated  more  or  less  with  petro- 
leum product,  and  this  is  leading  us  to  examine  all  ship- 
ments of  this  material. 

The  question  may  be  asked.  What  objection  is  there  to 
a  small  amount  of  petroleum  product  m  a  paint,  intro- 
duced either  through  the  turpentine  or,  as  it  is  more  com- 
monly introduced  in  the  market — namely,  as  benzine  ? 
We  are  quite  well  aware  that  many  practical  painters,  and 
especially  many  manufacturers  of  ready  mixed  paints  use 
large  quantities  of  benzine,  both  as  a  constituent  of  their 
japan  and  to  dilute  the  paint  with  to  prepare  it  for  spread- 
ing. We  have  examined  many  samples  of  mixed  paint 
which  contained  large  percentages  of  petroleum  product, 
introduced  either  as  benzine  or  as  a  constituent  of  the 
turpentine.  So  far  as  the  introduction  of  petroleum  prod- 
uct of  any  kind  along  with  the  turpentine  is  concerned, 
we  will  say  that,  of  course,  it  is  a  fraud  to  buy  as  turpen- 
tine a  material  mixed  with  petroleum  product,  but  to  our 
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minds  there  is  a  still  more  serious  objection  to  the  use  of 
turpentine  adulterated  with  petroleum  product  or  ben;'ine 
in  mixed  paint.  This  objection  lies  in  the  tendency  pro- 
duced by  the  petroleum  product,  either  benzine  or  the 
ordinary  adulterated  spirits  of  turpentine,  to  cause  the 
paint  to  peel.  We  have  made  positive  experiments  on 
this  point,  and  confirm  by  these  experiments  what  the 
practical  painters  with  whom  we  have  talked  on  the 
matter  affirm  to  be  their  experience — namely,  that  a  paint 
containing  any  considerable  amount  of  any  petroleum 
product,  as  a  constituent  of  the  liquid,  peels,  and  accord- 
ingly it  wdl  wear  worse  than  if  simple  raw  hnseed-oil, 
japan  and  turpentine  were  the  liquid  constituents.  The 
reason  for  this  is  not  difficult  to  find.  Very  few  of  the 
petroleum  products  of  any  kind  are  free  from  paraffine 
wax,  or  non-volatile  members  of  the  paraffine  series  or 
other  non-volatile  substances.  It  follows,  therefore,  that 
when  the  paint  dries  the  volatile  part  of  the  benzine  or 
other  petroleum  product  passes  away,  while  the  non- 
volatile part  remains  and  is  soaked  up  into  the  wood.  But 
this  soaking  up  of  an  oily,  slippery  substance  like  paraf- 
fine wax,  or  the  non-volatile  substances  into  the  wood  pre- 
vents the  layer  of  paint  from  adhering  to  the  wood  sur- 
face. Our  belief  in  the  inferiority  of  benzine  or  other 
petroleum  products  as  a  constituent  of  paint  is  so  strong 
that  we  are  quite  inclined  to  condemn  any  paint  contain- 
ing benzine.  The  non-volatile  part  of  the  turpentine,  as 
is  well  known,  is  very  adhesive  and  sticky,  and  helps  the 
oil  to  hold  the  paint  on  the  surface.  The  non-volatile 
part  of  any  of  the  petroleum  products  fills  the  pores  of  the 
wood  and  prevents  the  paint  from  adhering,  or,  what 
amounts  to  the  same  thing,  causes  it  to  peel  and  scale  off 
much  more  rapidly.  Benzine  is  a  good  thing  for  the  paint 
manufacturer,  in  that  it  is  very  cheap  in  price,  and  causes 
the  paint  to  deteriorate  so  rapidly  that  buildings  must  be 
repainted  every  year  or  two.  It  is  a  bad  thing  for  the 
consumer,  who  is  interested  in  having  a  paint  as  durable 
as  possible. 

There  is  another  feature  of  the  use  of  benzine  which 
should  not  be  forgotten — namely,  that  in  a  closed  paint 
shop,  having  a  good  many  painters,  the  amount  of  benzine 
given  off  might  be  large  enough  to  cause  danger  of  an 
explosive  mixture  being  formed  in  the  shop.  It  is  quite 
well  known  that  several  serious  accidents  have  occurred 
from  trying  to  clean  carpets  with  benzine,  and  the  same 
state  of  affairs  might  result  from  the  use  of  a  large  amount 
of  paint  containing  benzine  in  paint  shops.  Our  belief  in 
the  inferiority  of  this  material  as  a  constituent  of  paint  is 
so  strong  that  we  recommend  that  none  of  it  be  kept  on 
the  Company's  property  or  used  in  the  shops  anywhere  if 
its  use  can  be  avoided. 

This  is  the  place  to  speak  of  one  point  further  in  regard 
to  paint  liquid.  We  are  quite  well  aware  that  the  relative 
merits  of  boiled  and  raw  linseed-oil  have  been  very  much 
discussed,  and  that  there  is  a  very  strong  prejudice  among 
a  large  number  of  painters  in  favor  of  boiled  oil.  We 
are  compelled  to  confess,  however,  that  all  our  experi- 
ments, and  we  have  made  a  good  many  of  them,  do  not 
lead  us  to  think  that  boiled  oil  is  anything  like  as  valuable 
as  many  master  painters  claim.  We  have  never  seen  a 
sample  of  boiled  oil  which  would  dry  as  rapidly  and  as 
free  from  "  tache"  as  good  raw  oil  mixed  with  the  proper 
amount  of  japan.  Adding  to  this  the  fact,  which  is  well 
known  by  those  who  are  well  informed,  that  quite  a  large 
percentage  of  the  boiled  oil  of  the  market  is  not  boiled 
oil  at  all,  but  is  simply  raw  oil  treated  in  the  barrel  with 
a  little  japan  or  oil  dryer,  we  are  inclined  to  think  that 
the  value  of  boiled  oil  has  been  over-estimated.  We  do 
not  ignore  the  fact  that  the  influence  of  the  heat  changes 
the  oil  somewhat,  but  to  our  minds  this  change  is  the 
very  thing  which  should  be  avoided.  Good  raw  oil  prop- 
erly dried  is,  so  far  as  any  knowledge  which  we  have  been 
able  to  get,  as  durable  and  as  satisfactory  in  working  as 
any  boiled  oil  ever  made.  We  do  not,  therefore,  favor 
the  use  of  boiled  oil,  either  in  the  grinding  or  mixing  of 
paints. 

Let  us  turn  now  to  the  question  at  the  head  of  this  article 
— namely,  what  proportions  of  pigment  and  liquid  shall 
be  used  ?  Upon  this  point  the  practice  of  painters,  as 
well  as  that  of  the  manufacturers  of  ready-mixed  paints, 


differs  very  widely,  and  we  have  sometimes  been  inclined 
to  think  that  in  no  one  of  the  three  elements  that  enter 
into  pamting  is  there  so  much  fraud  as  in  the  proportions 
of  pigment  and  liquid.  Where  the  coloring  power  of  the 
pigment  is  strong,  we  have  seen  paints  so  ililuted  that  they 
were  practically  little  more  than  a  wash.  Of  course  those 
familiar  with  the  characteristics  of  the  trade  know  that 
there  is  a  great  difference  of  practice  in  the  kinds  of  pig- 
ment used,  and  also  in  the  nature  of  the  liquid  used  ;  but 
if  we  may  trust  our  experience  it  is  also  true  that  there  is 
very  great  variation,  quite  to  the  detriment  many  times  of 
the  buyer,  in  the  proportions  of  pigment  and  liquid. 

It  is  not  at  all  easy  to  give  a  definite  statement  in  re- 
gard to  proportions  of  pigment  and  liquid,  since  there  are 
a  number  of  elements  which  enter  into  the  problem,  and 
a  rule  which  would  be  applicable  to  one  liquid  and  one 
kind  of  pigment  would  not  be  applicable  with  others. 
There  are  also  a  number  of  preliminary  points  which 
must  be  considered  before  we  can  give  definite  figures  for 
proportions  of  pigment  and  liquid.  We  will  take  up  these 
points  one  by  one,  and  reach  definite  conclusions  on  them, 
and  later  will  give  the  results  of  our  study  in  the  matter 
of  proportions. 

First  of  all,  it  should  be  borne  in  mind  that  what  follows 
in  regard  to  proportions  applies  only  to  what  is  known 
as  house  painting  in  distinction  from  carriage  painting. 
It  will  be  remembered  that  this  distinction  has  been  drawn 
in  previous  articles,  and  in  this  article  we  do  not  profess 
to  give  the  proportions  of  pigment  and  liquid,  which 
should  be  made  use  of  for  successful  carriage  painting,  in 
which  the  paint  is  used  almost  exclusively  for  the  color 
and  not  for  protection.  This  article  applies  to  paints 
used  both  for  color  and  for  protection. 

At  the  very  outset  of  the  discussion  we  are  met  by  a 
distinction  which  must  be  carefully  cleared  up  before  we 
can  do  anything  definite — namely,  does  our  discussion  of 
proportions  apply  to  the  paint  mixed  ready  for  spreading, 
or  to  the  paint  after  it  is  dry  ?  It  is  well  known  by  those 
who  have  to  do  with  painting  that  a  coat  of  paint  when 
freshly  applied  contains  constituents  which  vaporize,  and 
that  consequently  a  dry  coat  of  paint  is  not  the  same  in  its 
proportions  as  a  coat  of  paint  freshly  applied.  It  has  also 
been  statf  d  already  that  for  paint  ready  to  apply  we  re- 
gard linseed-oil  or  some  e(|uivalent  material,  japan  and  tur- 
pentine, as  legitimate  constituents.  Of  these  by  far  the 
lar<;est  portion  remains  on  the  surface,  but  a  good  portion 
of  the  turpentine  and  some  constituents  of  the  oil  pass  off 
during  the  process  of  drying.  The  liquid  portion  of  the 
paint  which  remains  it  is  customary  to  call  "  binding 
material,"  and  so  far  as  our  experience  goes  the  binding 
material  is  always  a  little  less  than  the  liquid  in  the  paint 
when  it  is  applied.  In  some  cases  where  very  little  japan 
is  used  the  binding  material  is  almost  identical  in  amount 
with  the  liquid  portion  of  the  paint,  since  linseed-oil 
changes  very  little  in  weight,  due  to  the  drying  process. 
The  absorption  of  oxygen  which  takes  place  is  about 
equivalent  in  amount  to  the  losses  of  the  oil  during  the 
drying.  On  the  other  hand,  if  a  paint  ready  for  spreading 
contains  any  japan,  and  this  japan  had  in  it  any  turpentine 
or  benzine,  the  amount  of  the  binding  material  left  on 
the  surface  with  the  pigment  would  be  somewhat  less  than 
the  amount  of  the  liquid  in  the  paint.  Since  now  all  our 
experiments  indicate  that  the  greater  the  proportion  of  pig- 
ment in  the  paint  the  greater  the  durability,  owing  to  the 
fact  that  the  pigment  apparently  protects  the  oil  from 
decay,  we  will  state  that  in  what  follows  in  regard  to  pro- 
portions between  pigment  and  liquid  we  refer  to  that  por- 
tion of  the  liquid  which  stays  with  the  pigment  as  "  bind- 
ing material."  In  other  words,  until  we  specially  say  to 
the  contrary  in  the  discussion  that  follows  in  regard  to 
mixed  paint,  when  we  say  pigment  and  liquid,  we  mean 
pigment  and  binding  material.  Our  formulas  for  making 
mixed  paint  are  based  on  this  foundation.  The  material 
added  for  the  purpose  of  making  the  paint  spread  well  is 
a  separate  matter,  and  will  be  so  treated. 

Another  preliminary  question  which  it  would  perhaps 
be  wise  to  discuss  is,  when  we  speak  of  propottions  of 
pigment  and  liquid,  do  we  mean  proportions  by  weight  or 
proportions  by  volume  ?  We  are  well  aware  that  the 
trade^  and,  in  fact,  practical  master  painters,  are  accus- 
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tomed  to  mix  paints  by  taking  so  many  pounds  of  pigment 
or  paste  and  adding  to  it  so  many  gallons  or  quarts  or 
pints,  as  the  case  may  be,  of  the  liquid.  This  is  all  right 
so  far  as  our  knowledge  goes,  and  there  is  no  objection  to 
this  way  of  arriving  at  the  result  of  getting  a  paint  ready 
for  spreading  and  a  paint  which  will  have  great  dura- 
bility after  it  is  dry,  but  it  simplifies  the  discussion  of  the 
question  very  much,  and  we  think  places  the  matter  on  a 
philosophic  basis  to  consider  that  the  question  of  mixed 
paint  is  not  by  weights,  but  by  volumes.  Of  course,  with 
a  little  knowledge  of  the  specific  gravity  of  pigments  and 
liquids,  it  is  easy  to  pass  from  the  weights  to  volumes  or 
volumes  to  weights  ;  or  we  may  use  a  combination  of 
volumes  and  weights  in  our  practical  formula  ;  but  we 
may  as  well  state  that  our  formulas  are  founded  on  pro- 
portions by  volume.  The  reason  for  this  is  that  paint,  as 
we  understand  it,  is  a  mechanical  mixture  of  pigments 
with  liquids,  and  when  we  say  mechanical  mixture  we 
mean  that  there  is  no  chemical  combination  between  the 
pigment  and  the  liquid  and  no  solution  of  pigment  in  the 
liquid.  They  are  simply  mixed  together,  each  one  main- 
taining its  own  identity  independent  of  the  other.  We 
are  quite  well  aware  that  with  white  lead,  red  lead,  and 
zinc  white,  and  possibly  several  other  pigments,  there  is  a 
small  amount  of  chemical  action  between  the  pigment 
and  the  liquid,  but  this  is  so  small  in  amount  that  it  can 
be  allowed  for^  and  does  not  really  seriously  interfere  with 
the  conception  that  a  paint  is  a  mechanical  mixture  of  pig- 
ment and  liquid.  If  we  allow,  then,  that  paint  is  a 
mechanical  mixture,  and  that  the  proper  proportions  of 
pigment  and  liquid  can  best  be  obtained  by  volumes,  it 
apparently  places  the  mixing  of  paint  on  a  philosophic 
basis,  and  gives  us  a  chance  to  obtain  some  laws  which 
are  wide  in  their  application. 

How  difficult  it  would  be  to  get  any  uniform  formula  on 
which  to'proportion  the  pigment  and  liquid  in  paints,  if  the 
mixing  is  done  by  weights,  will  become  evident  from  one 
or  two  examples.  It  is  well  known  that  seven  or  eight 
parts  of  white  lead  with  two  or  three  parts  of  boiled  lin- 
seed-oil by  weight  make  a  paint  ready  foi  spreading,  and 
which  will  give  very  good  results  in  service.  If  we  at- 
tempt, however,  to  use  the  same  formula — namely,  seven 
or  eight  pounds  of  P.  R.  R.  standard  freight-car  color, 
with  two  or  three  pounds  of  boiled  linseed-oil,  or  raw 
linseed  oil,  containing  the  proper  amount  of  japan,  we  get 
a  paint  that  is  so  thick  that  it  cannot  be  spread  at  all  with 
a  brush,  and  indeed  is  so  stiff  a  paste  that  it  will  hardly 
run  out  of  the  vessel.  Clearly  no  uniform  formula  can  be 
made  use  of  to  proportion  pigment  and  liquid  in  paints  if 
we  attempt  to  do  this  by  weight.  On  the  other  hand,  our 
experiknents  indicate  that  proportions  by  volume  apply 
fairly  well  to  all  pigments — that  is  to  say,  if  all  pigments 
were  entirely  devoid  of  chemical  action  between  the  pig- 
ment and  liquid,  and  if  all  pigments  were  equally  fine, 
we  are  inclined  to  think  the  same  formula  would  apply 
for  proportions  of  pigment  and  liquid,  provided  these  pro- 
portions are  decided  by  volume.  We  will  give  the  figures 
of  what  we  regard  as  the  successful  proportions  by  volume 
a  little  later. 

(to  be  continued.) 

■ «. 

Foreign  Naval  Notes. 

The  Russian  torpedo-cruiser  KasarsH  recently  made  a  voy- 
age from  Pillau  to  Sebastopol,  steaming  in  all  4,500  miles  in 
343  hours,  at  a  mean  speed  of  12.28  knots.  During  part  of  the 
voyage  she  met  with  very  heavy  weather.  This  ship  was  built 
in  Germany  by  Schichau  ;  she  is  190  ft.  long,  24  ft.  beam  and 
has  one  triple-expansion  engine,  working  up  to  3,300  H.P. 
With  natural  draft  the  boat  has  a  speed  of  16  knots  and  with 
forced  draft  21  knots  an  hour. 

It  is  stated  that  in  consequence  of  troubles  and  break-downs 
expefienced  with  the  torpedo-chasers — vessels  of  about  400  tons 
displacement— in  the  last  mana'uvres  of  the  French  Navy,  the 
locomotive  boilers  with  which  they  are  fitted  will  be  taken  out 
and  replaced  by  tubulous  boilers,  probably  of  the  d'Allest  type. 

Experiments  conducted  on  board  the  Italian  armored  ships 
Casielfiardo  and  Attcona,  to  test  the  suitability  of  petroleum  fuel 
for  use  on  shipboard,  have  resulted  favorably.  The  apparatus 
used  is  an  invention  of  Captain  Cuniberti.  It  is  claimed  that 
petroleum  is  cheaper  than  coal,  and  that  a  battle-ship  can  keep 


the  sea  three  times  as  long  as  is  possible  with  coal.  As  a  result 
of  these  experiments  a  course  of  instruction  is  to  be  opened 
on  the  Ancona,  to  make  known  the  best  method  of  procedure 
in  firing  with  liquid  fuel. — Journal  of  the  Amencan  Society  of 
Naval  Engituers. 

The  new  Japanese  cruiser  IJashidate  Kan  was  launched 
March  24  at  the  Imperial  Dock  Yard,  Yokosuka.  This  ship  is 
a  fast  unarmored  cruiser  of  4,300  displacement.  She  is  300  ft. 
long.  50  ft.  beam,  and  22  ft.  average  draft.  The  engines  are 
of  the  triple-expansion  type,  and  are  expected  to  give  a  sea 
speed  of  16  knots.  The  armament  will  be  heavy  for  a  vesseV 
of  this  size.  Some  interest  attaches  to  this  ship,  as  she  was 
built  entirely  by  Japanese  mechanics,  and  is  the  largest  vessel 
yet  built  in  that  country,  v  The  steel  from  which  she  is  con- 
structed was  bought  in  Euro'pe. 


Lake  Transportation. 


The  Sault  Ste.  Marie  Canal  officers  are  about  to  publish  the 
results  obtained  from  a  discussion  of  the  business  of  the  canal 
during  1890,  and  it  will  be  shown  that  the  average  cost  per  ton 
per  mile  on  that  part  of  lake  freight  that  passed  through  the 
canal  has  again  been  reduced  this  time  to  1.3  mills.  Rates  are 
steadily  approaching  the  ocean  figure,  which  is  estimated  at 
I  mill  per  ton  per  mile.  Following  are  some  comparisons 
gained  through  advance  information  regarding  the  report : 


1887 
1888 
1889 
1890 


Freight  ton- 
age,  net. 


Valuation  of 
freight  ton- 
nage. 


5,494,649 
6,411.423 
7,516,022 
9,041,213 


$79,031,758 
82,156,020 
83,732,527 

109,214,949 


Average 
distance  car- 
ried, miles. 


811.4 
806.9 

790-4 
*707.2 


Total  cost, 
water  trans- 
portation. 


$10,075,153 
7,883,077 
8,634.246 

9,47»,«J4 


Cost  per  ton- 
mile. 


•.3  mills 
1.5      " 
«.5       •' 
«.3       " 


The  rates  for  different  kinds  of  merchandise  vary  a  great 
deal.  In  1S90  coal,  which  is  an  up  freight,  was  carried  for 
0.5  mill  per  mile-ton,  while  miscellaneous  merchandise  cost 
3.4  mills  per  mile-ton.  Vessels  made  big  profits  in  1887,  and 
this  accounts  for  the  high  rates  of  freight. 

The  largest  cargo  passing  the  canal  in  1890  was  3,021  tons, 
and  was  carried  by  one  of  the  whaleback  barges,  No.  107. 

The  greatest  number  of  mile-tons  was  reported  by  the  steam- 
ship Northern  Queen,  one  of  the  Great  Northern  Railroad  boats. 

The  greatest  aggregate  number  of  tons  carried  through  the 
canal  by  any  vessel  during  the  season  was  77,124  tons  by  the 
steamship  iManoIa,  owned  by  the  Minnesota  Iron  Company. 
This  boat  also  reported  the  greatest  number  of  miles  run, 
49,201  miles.  In  addition  she  made  one  trip  to  Escanaba, 
bringing  her  total  season's  run  up  to  50.580  miles  in  223  days. 
It  is  believed  that  no  boat  ever  before  ran  this  distance  in  so 
short  a  time. 

The  total  valuation  of  all  vessels  using  the  canal  during  the 
last  four  years  is  a»  follows  : 

1887 S»9.773.95'> 

1888 21,895,400 

IO09    ..•••'.•♦,•••)*».•     •••        •     «  •  •«»«jr*«««*«»«t**>V*Wfe*  aW*.  .  .  .    20,920,200 

1890 ..   2Q,635,joo 

This  shows  that  about  $10,000,000  worth  of  vessel  property 
has  been  added  to  the  Lake  Superior  fleet  within  the  past  four 
years. — Cleveland  Marine  Review. 

♦ 

Water  Power  under  Varying  Heads. 


The  Pelton  Water-Wheel  Company,  of  San  Francisco,  has 
contracted  to  remove  the  inward-discharge  turbine  water-wheels 
in  the  Columbian  River  Paper  Mills,  at  La  Camas,  Washing- 
ton, and  replace  them  with  Pelton  wheels.  One  of  the  new 
wheels,  only  5  ft.  in  diameter,  is  to  develop  300  H.P.,  or,  if  re- 
quired, 430  H.P.,  under  a  head  of  no  ft.  The  small  diameter 
is  to  adapt  the  speed  to  that  of  the  main  shaft,  which  runs  at 
141  revolutions  per  minute.  Another  wheel  in  the  same  mill  is 
to  run  at  70  revolutions  per  minute  and  develope  50  H.P.  Three 
other  wheels  are  included  in  the  contract.  The  two  first  named 
show  the  extreme  flexibility  of  the  system  and  itsadaptation  to 
all  the  varying  conditions  of  speed  and  power  and  head.  This 
case  shows  the  futility  of  tendering  for  pressure  turbine  wheels 
in  the,^catpe  of  the  Niagara  Falls  plant,  where  the  head  is  140 
iccL—^fiidustty ,  San  Francisco. 
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{Continued /r0m  page  278.) 


CHAPJER  -Xl.— {Continued.) 
PROLATE  CYCLOID. 

If  a  tracing  point  o'",  fig.  270,  be  within  the  circumference 
of  a  generating  circle  C,  a  pro/ate  cycloid  will  be  described, 
when  the  circle  rolls  on  the  straight  line  A-A^^.  This  is  the 
curve  in  which  the  center  of  the  crank-pin  of  a  locomotive 
moves  when  the  wheel  rolls  on  the  rails. 

Problem  93.      To  lay  off  a  prolate  cycloid. 

Let  C,  fig.  270,  be  the  generating  circle  and  o'"  the  tracing 
point.     Divide  the  circle  into  any  number  of  e'^ual  parts,  in 


points  in  the  curve,  which  may  then  be  drawn  as  explained  for 
other  curves. 

CURTATE  CYCLOID. 

If  a  tracing  point,  as  B  in  fig.  271,  is  without  the  circum- 
ference of  the  generating  circle  C",  a  curtate  cycloid  will  be  pro- 
duced terminating  in  nodes  or  loops  A  and  A  12. 

Problem  94.      To  lay  off  a  curtate  cycloid. 

Let  C,  fig.  271,  be  the  generating  circle.  From  A  draw  the 
director  A-A^"^  equal  in  length  to  the  circumference  of  the 
circle,  and  subdivide  both  into  the  same  number  of  equal 
parts.  With  the  distance  from  o",  the  center  of  the  generating 
circle  to  the  tracing  point  B,  draw  another  circle  D  from  o"  as 
a  center.  This  second  circle  should  also  be  subdivided  into 
the  same  number  of  equal  parts  as  the  generating  circle  begin- 
ning from  the  tracing  point  B.  Erect  perpendiculars  from  the 
points  of  division  on  the  director  and  draw  o"-i2",  as  in  the 
preceding  problem.  From  the  points  of  intersection  o",  i",  2", 
3",  etc.,  draw  semicircles  b  B',  c  /?*,  d  B^,  etc.  From  B,  the 
tracing    point,  draw    chords    B\  B^,   B*,    etc.      Take    with 


Fig.  270. 


the  present  instance  12.  From  A  draw  the  director  A~A^^, 
whose  length  is  equal  to  that  of  the  ciArumference  of  the  gen- 
erating circle,  and  divide  the  director  into  the  same  number  of 
equal  parts  into  which  the  circumference  of  the  circle  is  divided. 
Through  the  points  of  division  draw  perpendiculars  A  a,  A^  d, 


A*  c,  A^  d. 


and  through  o",  the  center  of  the  generating 
circle,  draw  o"-i2"  parallel  to  A-A"^'^.  If  o'"  is  the  tracing 
point,  take  a  radius  o"  o"',  equal  to  the  distance  of  this  point 
from  the  center  of  the  generating  circle,  and  with  o"  for  a  cen- 
ter describe  a  circle  B.  Beginning  from  o'"  subdivide  the  small 
circle  into  the  same  number  of  equal  parts  as  the  large  circle 
has  been  divided  into,  and  from  o"'  draw  chords  o'"  i,  o'"  2, 
o'"  3,  etc.,  to  the  points  of  division.  From  the  points  of  inter- 
section, I",  2",  3",  etc.,  of  the  perpendiculars  with  the  line 
o"-i2",  as  centers,  and  o"  o'"  as  a  radius  draw  semicircles 
b  M,  c  o,  dp,  e  q,  etc.,   in  pencil.      Then  take  with  a  pair  of 


dividers  the  length  of  the  chord  B^  and  set  it  off  from  B^ 
to  1'",  which  will  be  a  point  in  the  curve.  In  the  same  way 
take  the  chord  B^  and  set  it  off  from  B"^  to  2'",  which  will  be 
another  point.  Continue  in  this  way  and  set  off  the  respective 
curves  from  i?^,  ^,  j5*,  etc.,  and  then  draw  the  curve  through 
these  points.  ' 

SPIRAL. 

A  spiral  is  a  curve  described  by  a  point  which  revolves 
around  a  center,  and  either  recedes  from  or  approaches  the 
center  as  it  revolves. 

Problem  95.  To  construct  a  spiral  of  one  revolution  around 
its  center. 

Let  A,  fig.  272,  be  the  center.  From  this  with  the  widest 
limit,  A  12,  as  a  radius,  describe  a  circle  i,  2,  3-12.     Divide  the 


Fig.  271. 


dividers  the  chord  o'"  i  and  set  it  off  from  n — the  intersection 
of  the  semicircle  d  with  the  perpendicular  i"  ^'— to  i'",  this  will 
be  a  point  in  the  required  curve.  Then  take  with  the  dividers  the 
chord  o'"  2  and  set  off  from  0  to  2'"  ;  then  2'"  will  be  a  second 
point  in  the  curve.  Set  off  the  chord  o"'  3  from  /,  and  so  on 
successively  lay  off  the  chords  o'"  4,  o'"  5,  o'"  6,  etc.,  from 
<K  r,  s,  etc.,  on  the  small  circles ;  then  4"',  5'",  6'",  etc.,  will  be 


circle  into  any  number  of  equal  parts,  as  i  to  12,  and  draw  radii 
from  the  points  of  division  to  the  center  A.  Divide  one  of 
these  radii,  as  12  A,  into  a  corresponding  number  of  equal 
parts,  i',  2',  3-12.  From  the  center  A,  with  a  radius  A  i',  de- 
scribe an  arc  cutting  the  radius  i  in  a  ;  then  a  will  be  a  point  in 
the  curve.  With  a  radius  A  2'  describe  an  arc-cutting  radius  2 
in  d,  Lwhich  will  be  another  point  in  the  curve,     From  the 
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center  A  continue  to  describe  arcs  with  radii  A  3',  A  4',  A  5', 
etc.,  cutting  the  corresponding  radii  3,  4,  5,  etc.,  in  the  points 
.-  </,*  /,  etc.  These  will  be  points  in  the  curve,  which  can  then 
be  drawn  through  them. 


and  2'  will  be  another  point.     Continue  in  this  way  and  set  oflf 
successively  on  the  tangent  lines  the  number  of    parts  corre- 


Fig.  272. 

It  is  plain  that  a  spiral  of  any  number'of  revolutions  around 
its  center  may  be  drawn  by  continuing  it  outside  of  the  circle 
I,  2,  3-12,  by  the  method  described.* 

Problem  96.      To  draw  an  approximate  or  false  spiral. 

Lay  off  a  central  square  abed,  fig.  273.  Then  from  ^  as  a 
center  and  </  ^  as  a  radius  draw  the  arc  A  e.  ■  Next  with  a  e 
as  a  radius  and  a  as  a  center  draw  e /.    Again,  with  ^  /as  a 


Fig.  274. 


spending  to  the  number  of  the  radius  ;  then  will  i',  2',  3',  4'-i2' 
be  points  in  the  curve. 

SPIRAL   CAM. 

F'g«  275  represents  a  cam  whose  outline  is  formed  of  two 
spirals.  It  possesses  the  property  of  giving  a  reciprocating 
piece  of  machinery  a  uniform  motion. 

Problem  98.      To  lay  out  a  spiral  cam. 

Let  A  C  B,  fig.  275,  represent  the  hub  or  boss  of  the  cam  and 
CD  its  stroke.  First  divide  the  circle  A  C  B  into  12  equal  parts, 
and  draw  radial  lines  through  the  points  of  division  and  the 
center,  and  extend  them  outside  of  A  CB.  Next  divide  the  stroke 
C  D  ioto  six  equal  parts.     Suppose  the  curve  begins  at  o  and 


Fig.  273. 

radius  and  *  as  a  center  draw/^,  and  with  <r^  as  a  radius  and 
f  as  a  center  draw  g  h.  Continue  in  this  way  until  the  required 
number  of  revolutions  of  the  spiral  are  completed. 

THE  INVOLUTE. 

If  a  String  is  wound  around  a  cylinder,  Ay  fig.  274,  and  a 
tracing  point  o  is  attached  to  the  free  end  of  the  string,  it  will 
describe  a  curve  which  is  called  the  involute  of  a  circle. 

Problem  97.     To  construct  an  involute  of  a  circle. 

Let  A,  fig.  274,  be  the  circle.  Divide  it  into  any  number  of 
equal  parts — 12  in  the  engraving — and  draw  radii  from  the 
points  of  division  to  the  center  A.  From  the  extremities  of 
these  radii  draw  lines,  as  i  i',  2  2',  3  3',  etc.,  perpendicular  to 
the  radii  and  tangent  to  the  circle.  Find  the  circumference  of 
the  circle  and  take  one-twelfth  of  it  in  a  pair  of  dividers,  and 
set  it  off  on  the  tangent  line  from  i  to  i'  ;  then  will  i'  be  a 
point  in  the  curve.     Set  off  twice  this  distance  from  2  to  2', 

*  This  figure  and  much  of  the  elucidation  of  this  problem  have  been  taken 
from  Ellis  A.  Davidson's  "  Linear  Drawing." 


Fig.  27s. 

the  reciprocating  piece  touches  the  cam  at  that  point,  then, 
with  such  a  cam,  the  purpose  is  that  the  reciprocating  piece 
/'^shall  be  moved  one-sixth  of  the  stroke  CD,  while  the  cam  turns 
one-twelfth  of  a  revolution.  Therefore,  from  the  center  E 
with  a  radius  E  i  draw  an  arc  of  a  circle  through  i  and  cutting 
the  radial  line  i'.  The  point  of  intersection  i'  will  then  be  a 
point  in  the  curve.  In  a  similar  way  draw  arcs  of  circles 
through  2,  3,  4,  and  5,  intersecting  the  radial  lines  2',  3',  4  , 
and  5'.  The  outline  of  the  cam  may  then  be  drawn  through 
these  points.    .;    ;^>."^    ^v- 

THE  CARDIOID. 

This  curve  may  also  be  used  for  the  outline  of  a  cam. 
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Problem  99.      To  lay  out  a  cardioid  curve. 

Let  A  B,  fig.  276,  be  the  generating  circle.  Subdivide  this  into, 
say.  12  parts,  and  through  one  end  o  of  a  diameter  o  6  draw  lines 
01  i',  o  2  2',  o  3  3',  etc.,  intersecting  the  points  of  division  of 
the  generating  circle,  and  extend  the  lines  beyond  the  circle. 
Then  take  with  a  pair  of  dividers  a  distance  f  qual  to  the  diam- 


Fig.  276. 

eter  o  6.  and  from  the  point  of  division  i  in  the  generating 
circle  lay  off  this  distance,  i  i'  and  i  i",  on  each  side  of  i. 
The  points  thus  laid  off  will  be  in  the  curve.  Proceed  in  a 
similar  way  and  lay  off  from  2,  3,  4,  etc.,  distances  2  2',  2  2", 
3  3'.  3  3".  etc.,  which  will  give  points  in  the  curve  through  which 
it  may  be  drawn. 

THE    CISSOID. 

Problem  100.      To  lay  out  a  cissoid  curve. 
Draw  any  line  A   B,  fig.  277,  and  CD  perpendicular  to  it. 
On  CD  describe  a  circle  and  divide  it  into  a  number  of  parts, 


CONCHOID   CURVE. 

The  conchoid  is  a  curve  which  always  approaches  a  straight 
line,  but  never  reaches  it,  however  far  the  curve  and  straight 
line  may  be  produced.  This  curve  has  been  used  in  drawing 
the  slightly  curved  line  which  forms  the  outline  of  columns. 

The  straight  line  A  B,  fig.  278,  is  called  the  asymptote,  CD 
the  diameter,  and  P  the  pole. 

Problem  ioi.      To  lay  out  a  conchoid  curve. 

The  asymptote,  A  B,  pole   P   and   diameter  C  />,  being 


in  this  instance  16.  From  the  extremity  C  of  the  diameter 
draw  lines  through  the  points  of  division  of  the  circle  and 
meeting  A  B.  With  a  pair  of  dividers  take  the  distance  C  i, 
intercepted  within  the  circle,  and  lay  it  off  from  1"  to  i' ;  then  i' 


given,  draw  C  P  aX  right  angles  to  A  B.  On  each  side  of  D 
set  off  any  number  of  equal  parts,  i,  2,  3,  4.  5,  6,  7.  From  P 
draw  lines  passing  through  these  points.     From  i,  2,  3.  etc., 

lay  off  distances  i  i',  2  2',  3  3',  etc., 
each  equal  to  D  C,  and  through  these 
points  draw  the  curve. 

Another  curve  may  be  drawn  below 
^  ^  by  laying  off  the  distances  i  i", 
2  2»,  3  3",  etc.,  equal  to  C  D.  The 
curve  above  the  asymptote  is  called 
the  superior  conchoid,  and  the  one  be- 
low it  the  inferior  conchoid.* 

A  conchoid  may  also  be  drawn  by 
means  of  a  trammel,  E  F,  as  shown 
in  fig.  278.  A  fixed  pin  is  placed  at 
the  pole  /*,  against  which  the  tram- 
mel bears.  A  point  g  bears  against  a 
straight  edge  A  B,  and  ^  is  a  tracing  point.  If  the  trammel 
bears  against  the  pin  P,  while  the  point  g  is  moved  in  con- 
tact with  the  straight  edge,  the  point  h  will  trace  a  superior 
conchoid.  If  h  is  placed  below 
conchoid. 


g  it  will   trace  an   inferior 


Fig.  278. 

will  be  a  point  in  the  curve.  Similarly  take  C  2  and  lay  it  off 
from  2"  to  2',  and  2'  will  be  another  point.  Proceed  in  this 
way  with  the  other  lines  drawn  through  C  and  the  divisions  of  the 
circle,  which  will  give  points  through  which  the  curve  can  be 
drawn. 


THE  SCHIELE   CURVE. 

This  is  a  curve  which  is  named  after  its  in- 
ventor, and  was  devised  for  the  form  of  the  bear- 
ings of  revolving  shafts  to  resist  end  thrust. 
Its  object  is  to  form  a  bearing  which  will  wear 
uniformly. 

Problem  102.      To  lay  out  a  Schiele  curve. 

After  the  dimension  A,  fig.  279,  or  half  the 
largest  diameter  of  the  bearing  is  determined, 
divide  the  axis  0-12  into  any  number  of  equal 
spaces,  o  I,  I  2,  2  3,  etc.  Then  set  compasses  to 
the  dimension  A,  and  from  the  point  i  describe 
an  arc  cutting  o  c  at  i',  and  draw  a  line  i  i' 
through  the  point  of  intersection  i'.  Then  from 
2  as  a  center,  with  a  radius  A  describe  an  arc 
cutting  I  i'  at  2',  and  again  draw  a  line  2  2' 
through  the  point  of  intersection.  Continue  in 
this  way  intersecting  the  preceding  lines  from 
the  successive  centers  3,  4,  5,  etc.,  and  the  points  i',  2',  3-12' 
will  be  points  in  the  curve. 

(TO  BE  CONTINUED.) 
•  From  Ellis  A.  Davidson's  **  Linear  Drawing." 
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Recent  Patents. 


beach's  machinery  for  forming  car  wheels. 

The  accompanying  engravings  show  machinery  for  forming 
car  wheels  from  wrought  iron  or  steel.  Fig.  i  is  a  plan  view 
of  the  anvil,  lower  die  and  ejector.  Fig.  2  is  a  plan  view  of 
the  upper  or  hammer  die.  Fig.  3  is  a  central  sectional  view  of 
the  anvil,  lower  die,  ejector  and  hammer,  taken  on  the  dotted 
line  of  figs,  i  and  2,  the  dies  being  separated  and  a  piece  of 
metal  being  placed  on  the  die  ready  to  be  swaged.  Fig.  4  is  a 
view,  partly  in  elevation  and  partly  in  section,  of  the  anvil  and 
dies,  the  latter  inclosed  position,  with  a  swaged  car-wheel  blank 
in  position.     Fig.  5  is  a  plan  view  of  the  swaged  car-wheel  blank. 


the  corresponding  parts  on  the  anvil-die.  Said  hammer-die  is 
further  provided  with  the  flat  annular  portion  i,  the  radial  tib- 
forming  groove  or  depressed  portion  ^'  and  the  projected  web- 
forming  portion  i^. 

In  operation  a  piece  of  metal  of  suitable  size  and  of  soft 
swaging-heat  is  placed  on  the  lower  die  and  thoroughly  swaged 
by  means  of  the  upper  die  until  it  confotms  to  the  form  of  the 
two  dies  when  brought  together,  as  shown  by  the  blank  Z,  figs. 
4  and  5.  When  the  swaging  is  completed,  the  lever  ^  is  drawn 
back,  thus  releasing  the  bifurcated  rod /from  engagement  with 
the  annular  slot  </^  of  the  ejector.  The  spring  /"  is  then  free 
to  exert  its  power,  forcing  upward  the  ejector  and  carrying  with 
it  in  its  upward  movement  the  blank  and  releasing  said  blank 
from  the  die.     Thereupon  the  blank  may  be  removed  and  the 


/v-?. 


/'J^ 


■f'f  t: 


A  is  the  anvil,  provided  on  its  face  with  die-opening  a  with 
vertical  opening  a',  extending  downwardly  through  the  anvil. 
Horizontal  opening  b  extends  from  said  vertical  opening  to  the 
periphery  of  the  anvil.  Anvil-die  C  fits  in  said  die-opening, 
and  is  provided  with  vertical  opening  a'.  Fitting  in  the  latter 
opening  is  ejector  D,  the  standard  d  of  which  is  provided  with 
shoulder  d'  and  annular  slot  d'^.  The  lower  extremity  of  said 
ejector  fits  in  opening  e,  and  is  provided  with  shoulder  e^,  adapt- 
ed to  engage  with  floor  e'.  Extending  through  horizontal  opening 
b  is  rod  /",  having  its  inner  bifurcated  extremity  /'  engaging  with 
annular  slot  tf'.  Its  outer  extremity  is  pivoted  to  lever  ^,  that 
is  in  turn  pivoted  to  the  mill-floor.  Coil-spring/*  surrounds 
said  standard  and  has  engagement  at  its  upper  extremity  against 
shoulder  </'  and  at  its  lower  extremity  on  the  mill-floor.  Annu- 
lar shoulder  g*  of  the  ejector  has  solid  bearing  when  in  lowered 
position  against  the  annular  shoulder  g^  of  the  vertical  open- 
ing a*. 

Anvil-die  Chas  its  face  formed  in  several  elevations,  annular 
groove  c  being  most  deeply  depressed.  In  this  the  tread  of  the 
wheel  is  formed.  In  the  next  outer  depression  or  annular 
groove  c'  the  flange  portion  of  the  wheel  is  formed.  An  annu- 
lar projected  web-forming  portion  c*  is  raised  in  relative  relief 
above  groove  c  and  surrounds  or  incloses  the  central  projected 
disk  portion  h^  and  also  face  h'.  This  web-forming  portion  is 
provided  with  a  series  of  radial  grooves,  h,  which  are  in  depth 
intermediate  of  the  ijroove  portions  c  and  the  web-forming  por- 
tion c^.  The  face  h'  of  the  ejector  forms  a  part  of  this  die  and 
is  flush  with  the  web-forming  portion  of  the  same.  Said  face 
is  provided  with  the  projected  portion  h*  and  the  four  projected 
lug  portions  i.  Corresponding  disk  and  lug  portionsyy'  are  re- 
spectively formed  on  the  face  of  the  hammer-die  y,  that  is,  at- 
tached to  hammer  K.     Said  disk  and  lug  portions  register  with 


BEACH'S   machinery   FOR   FORGING 
CAR-WHEELS. 


operation  repeated.     The  blank  may  then  be  finished  in  any 
suitsy»le  manner. 

The  inventor  is  Mr.  Clifton   B.  Beach,  of  Cleveland,  Ohio, 
and  his  patent  is  numbered  445,238. 

MEANS   FOR  TRUING  LOCOMOTIVE   WHEELS. 

The  aim  of  this  invention,  which  is  patented  by  Mr.  Joseph 
Elder,  of  Peoria,  111.,  is  to  true  the  driving-wheels  or  tires  of  a 
locomotive  while  ihey  are  in  place  on  the  engine  and  without 
taking  it  to  a  shop.  To  do  this  the  engine  is  raised  up  so  that 
its  wheels  are  clear  of  the  track  and  may  be  rotated  by  its  own 
steam  and  driving  machinery.  To  do  this  a  portable  emery 
grinder,  shown  in  figs.  11  and  12,  is  placed  on  the  track  adja- 
cent to  the  wheels  to  be  trued.  This  is  driven  by  bells  d"  a", 
figs.  II  and  12,  on  the  driving-wheels  connected  to  pulleys  either 
on  the  emery-wheel  shaft,  or,  as  in  the  engravings,  to  speeding 
gear  ;  d  d  are  emery  wheels  attached  to  a  shaft  d',  and  with  its 
gearing  it  is  mounted  on  a  frame  or  bed-plate  which  rests  on 
the  rails  and  is  attached  to  them  with  clip-bolts.  The  gearing 
is  mounted  on  a  slide  rest  which  is  moved  by  an  adjusting 
screw  d^  by  which  the  grinder  can  be  brought  up  in  contact 
with  the  tread  of  the  wheel.  The  gtinder-shaft  d'  is  provided 
with  a  grooved  friction-pulley  d^,  by  which  it  receiTes  motion 
through  an  idler  d'  from  a  driving-pulley  </'.  The  idler  and 
driving-pulley  are  mounted  on  shafts  in  bearings  on  the  plate 
d*,  and  the  shaft  of  the  driving-pulley  is  provided  with  a  band- 
pulley  d^^,  driven  by  a  belt  5",  passing  around  the  driving- 
wheel  of  the  engine,  so  that  when  the  latter  is  rotated  it  drives 
the  grinder  in  contact  with  its  surface.  The  idler-shaft  is 
mounted  in  vertically-sliding  bearin^^s  d^*,  sustained  by  adjust- 
ing-screw* </'^  to  produce  the  required  degree  of  friction  be> 
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tween  the  pulley-surfaces.     A  belt-tightiener  </'*,  mounted  on 
lever  ^",  or  otherwise  sustained,  may  be  used,^if  required. 
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ELDER'S  MACHINE   FOR   TRUING    WHEELS. 

Th<:  iiivenior  savs  uf  his  inv<^iiiion  ihdt  its  use  results  not 
only  in  a  great  saving  ot  time  and  money,  but  renders  it  prac- 
ticable to  grind  wheels  frequently  and  thus  keep  them  in  good 
condition  instead  of  allowing  them,  as  usual,  to  run  until  they 
are  badly  worn. 

The  number  of  the  patent  is  449.350. 


The  Evolution  of  the  Coasting  Ship. 

(From  the  San  Francisco  Bulletin.') 


It  is  more  than  20  years  since  the  first  vessel  with  three  masts 
and  a  fore-and-aft  rig  appeared  in  these  waters.  That  vessel 
was  built  at  Thomaston,  in  Maine,  on  an  order  given  by  A.  P. 
Jordan,  of  Santa  Cruz,  then  of  the  firm  of  Davis  &  Jordan, 
lime  manufacturers  and  merchants.  The  vessel  took  the  name 
of  the  iunior  partner.  This  was  a  small  craft,  a  little  under 
400  tons,  with  flat  floors  and  large  carrying  capacity.  Except 
the  extra  mast  there  was  no  novelty  about  the  vessel.  She  was 
employed  for  many  years  in  the  lumber  and  coal  trade  on  the 
coast,  and  occasionally  made  a  foreign  voyage. 

The  Maine  shipbuilders  had  begun  to  build  large  fore-and- 
afters.  Those  vessels  became  popular  in  the  lumber,  cotton 
and  coal  trade.  They  were  mostly  designed  as  coasters.  The 
capacity  was  gradually  increased,  until  vessels  with  this  rig 
were  constructed  that  would  carry  from  800  to  1,000  tons. 
That  was  supposed  to  be  about  the  limit  of  a  fore-and-after. 
Then  the  Maine  shipbuilders  added  another  mast  and  increased 
the  tonnage.  Some  of  the  largest  of  these  four-masters  would 
carry  as  much  as  1,500  tons.  They  were  found  to  be  profitable 
vessels,  or  the  number  would  not  have  rapidly  increased.  In 
one  small  town  in  Maine  last  year,  four  vessels  of  this  class 
were  built.  The  carrying  capacity  has  been  gradually  increased 
until  the  largest  four-masters  can  carry  about  2,000  tons. 

The  appearance  of  a  five-master  in  this  port  with  a  carrying 
capacity  of  about  3,000  tons,  on  about  half  the  registered  ton- 
nage, has  attracted  a  great  deal  of  attention  as  a  sort  of  marine 


curiosity.  It  was  assumed  that  this  was  the  first  five-master 
with  a  fore-and-aft  rig  that  ever  appeared  in  this  port.  But  two 
years  ago  or  more  the  Simpson  Brothers,  of  this  city,  who 
are  largely  engaged  in  the  lumber  trade  on  this  coast,  built  a 
five-master  at  Coos  Bay.  That  was  the  _/?rj^  vessel  ever  seen 
in  this'  port  with  five  masts  and  a  fore-and-aft  rig.  It  was  an 
odd-looking  craft,  and  on  her  first  appearance  attracted  much 
attention.  The  vessel  carried  no  gaff-topsails,  her  masts  were 
composed  of  a  single  stick  ;  all  the  sails  were  handled  from  the 
deck.  This  vessel  carried  about  two  tons  dead  weight  for  each 
registered  ton.  She  is  not  as  large  as  the  Governor  Ames. 
Every  few  days  the  former  vessel  appears  in  port  with  a  cargo 
of  coal  or  lumber.  The  reports  of  her  work  here  have  always 
been  favorable.  She  is  an  easy  vessel  at  sea,  a  good  sailer  and 
a  large  carrier.  As  the  Simpson  Brothers,  who  launch  several 
vessels  every  year,  have  not  added  another  five-master  to  their 
fleet,  the  inference  is  that  no  particular  advantage  was  found  in 
adding  this  additional  stick,  especially  if  the  vessels  did  not  ex- 
ceed 1,000  tons.  Most  of  the  vessels  recently  built  by  this  firm 
have  either  had  the  barkentine  rig  or  have  had  four  masts  with 
the  fore-and-aft  rig. 

It  is  worthy  of  note  that  the  same  business  in  kind  which 
brought  into  existence  these  large  vessels  in  the  Eastern  States 
is  stimulating  the  construction  of  this  class  of  vessels  on  the 
Pacific  Coast.  The  large  four-master  is  no  longer  a  novelty, 
nor  is  the  vessel  with  the  hybrid  rig  of  square  sails  on  the  fore- 
mast and  three  fore-and-aft  sails.  The  coal  and  lumber  busi- 
ness on  this  coast  is  still  in  the  early  stages  of  development.  It 
has  already  become  an  enormous  business.  A  large  fleet  of 
vessels  has  already  been  constructed  with  reference  to  this 
coasting  trade.  From  the  harbor  of  San  Francisco  to  Puget 
Sound  vessels  are  on  the  stocks  destined  for  the  COal  and  lum- 
ber trade.  A  large  exportation  of  lumber  has  already  begun, 
which  will  rapidly  increase  in  the  future.  Many  of  the  vessels 
which  have  recently  been  put  afloat  are  suitable  for  the  foreign 
trade.  The  four-master  of  the  largest  size  now  takes  a  cargo 
ranging  from  750,000  to  1,000,000  feet  of  lumber  to  Australian. 
South  American,  or  Asiatic  ports.  A  return  cargo  of  some 
sort  is  found.     The  ventures  increase. 

Last  year  more  lumber  was  exported  from  the  Pacific  Coast 
than  in  any  former  year.  The  coasting  trade  also  rapidly  in- 
creased. These  two  sources  of  business — the  coasting  trade 
and  the  export  trade  in  lumber — will  greatly  stimulate  the  build- 
ing of  wooden  ships  on  this  coast.  It  is  reported  that  the  Gov- 
ernor Ames  will  hereafter  be  employed  here  in  the  coal  and  lum- 
ber trade.  When,  some  months  ago,  a  full-rigged  ship  went  out 
of  this  port  carrying  about  two  million  feet  of  lumber,  it  was 
considered  an  extraordinary  circumstance.  But  this  vessel  with 
five  masts,  which,  in  common  parlance,  is  not  classed  as  a  ship, 
has  an  equal  capacity. 

Vessels  of  this  particular  class  may  not  be  greatly  multiplied 
here.  But  it  is  certain  that  the  large  fore-and-aft  vessel,  say 
with  four  masts,  has  the  call.  It  is  a  marine  evolution  created 
by  the  demands  of  business,  just  as  the  same  class  of  vessels 
was  created  in  the  Eastern  States  to  meet  the  demands  of  busi- 
ness up  and  down  the  Atlantic  Coast.  This  evolution  is  also, 
to  some  extent,  a  solution  of  the  problem.  How  can  the  larg- 
est amount  of  dead  weight  or  the  largest  number  of  feet  of  lum- 
ber be  carried  on  long  or  short  voyages  at  the  smallest  possible 
cost  ?  At  one  time  it  was  thought  that  the  steam  schooner  was 
about  to  settle  the  question.  But  the  evolution  now  is  in  the 
direction  of  the  great  fore-and-after,  with  a  forest  of  masts  and 

no  auxiliary  power. 

« 

Connell's  Girder  Rail  Joint. 

The  joint,  which  is  shown  in  the  accompanying  illustrations, 
is  intended  to  serve  not  only  as  a  connection  for  the  rails,  but 
to  furnish  a  support  underneath  the  joint,  which  will  prevent 
any  sagging  of  the  ends  of  the  rails,  and  will  give  the  joint  a 
carrying  power  equal  to  any  other  portion  of  the  rails.  Fig.  i 
is  a  side  view  of  the  joint,  fig.  2  a  cross-section,  and  fig.  3  a 
plan  of  the  main  plate,  showing  the  manner  in  which  it  is 
made  to  serve  as  a  tie-plate,  as  well  as  a  joint. 

This  main  plate  or  member  of  the  joint  is  proportioned  in 
its  sectional  area  to  carry  between  the  ties  the  heaviest  driving- 
wheel  load,  with  an  allowance  added  for  the  effect  of  impact, 
the  calculation  being  made  with  the  unit  stresses  used  in  bridge 
construction,  and  without  depending  upon  the  projecting  rail- 
ends  for  the  support  of  any  portion  of  the  load.  It  will  be 
seen  that  it  is  so  arranged  that  the  flange  or  carrying  part  E  E 
is  in  line,  and  practically  continuous  with  the  web  of  the  rail 
A.  This  carrier  is  a  steel  plate  bent  down  in  the  shape  shown 
in  figs.  I  and  2,  and  deriving  additional  stiffness  from  the 
flanges  at  each  end  of  the  vertical  portion,  which  also  serve  to 
give  it  an  additional  bearing  on  the  ties.     At  each  end  of  the 
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is  a  projection,  F,  which  serves  as  a  tie-plate,  and  through 
a  spike  can  be  driven  to  prevent  all  movement  of  the 
The  second  plate  Z>,  which  is  called  the  liner,  is  placed 
..  the^  inside  of  the  rail,  bringing  the  nuts  of  the  ioint-bolts 
inside  ihe  track,  where  they  can  be  conveniently  inspected  and 
tightened,  if  necessary,  by  the  trackman.  It  will  be  seen  that 
the  bolts  come  underneath  the  rail,  and  that  by  means  of  the 


a  number  of  the  Robie  patent  screw-jacks  of  10  and  20  tons 
capacity  to  different  parties,  including  Meyer  &  Company, 
Norfolk,  Va.;  W.  G.  B.  P'itzgerald,  Norfolk,  Va.:  Jones  & 
Laughlin,  Pittsburgh;  Valk  &  Murdock,  Charleston,  S.  C; 
Worth  Brothers,  Coatesville,  Pa.;  Pulaski  Development  Com- 
pany, Pulaski,  Va.;  Max  Meadows  Iron  Company,  Max 
Meadows,  Va.;  E.  O.  Norton,  Binnewater,  N.  Y.;  Lombard  & 
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washert^C^  the^nuts  are^brought  out  where  they  can  easily  be 
reached,  and  where  the  trackmen  can  apply  their  wrenches 
without  diflSculty. 

i^The  entire  joint,  it  will  be  seen,  consists  of  the  two  steel 
plates  and  three  bolts.  The  bolts  being  placed  beneath  the 
rail,  no  punching  or  drilling  of  the  web  of  the  rail  is  required, 
nor  is  there  any  notching  of  the  rail  flanges.  It  can  be  applied 
to  any  weight  of  rail  from  56  lbs.  upward,  with  a  minimum 
change  in  construction,  the  only  variable  feature  being  the 
angle  which  the  top  of  the  rail-fiange  makes  with  the  base. 
The  inside  member  of  the  joint  D  makes  and  maintains  the 
line  of  track.  It  is  claimed  for  this  joint,  in  addition  to  the 
advantages  pointed  out  above,  that  it  gives  a  large  bearing 
surface,  will  resist  wear,  will  keep  the  t|;ack  in  good  sur- 
face, and  also  that  in  it  the  force  which  ordinarily  produces 
creeping  of  the  rail  is  utilized  to  increase  the  connection  be- 
tween the  joint  and  the  rail,  by  means  of  the  camber  put  in 
the  carrier-plate.  This  force  is  resisted  by  the  bearing  of  the 
carrier  on  the  rail-flange,  and  of  the  flanged  web  E  against  the 
cross-tie.  The  cost  of  the  joint  will  not  exceed  that  of  the 
ordinary  double  angle-joint  now  used. 

This  joint  is  protected  by  patent  No.  451,554,  recently 
granted  to  the  inventor,  Mr.  W.  H.  Connell,  whose  address  is 
Wilmington,  Del. 


Manufactures. 


General  Notes. 


One  of  the  largest  manufacturers  of  elevators  in  this  country, 
located  in  Baltimore,  Md.,  states  that  his  firm  has  been  using 
Dixon's  graphite  grease  on  elevators  for  the  past  two  years 
and  finds  it  superior  to  any  lubricant  before  used  for  that  pur- 
pose. They  also  use  it  on  wire  cables  to  prevent  rust  and  on 
elevator  guides. 

It  is  understood  that  a  large  steel  plant  is  to  be  put  up  shortly 
at  Ensley,  Ala.,  by  the  Tennessee  Coal,  Iron  «&  Railroad  Com- 
pany. The  objection  has  always  been  made  to  Southern  iron 
that  it  is  not  adapted  to  the  Bessemer  process,  but  at  Ensley 
the  Basic  process  is  to  be  used. 

!bRiEHLE  Brothers,  in  Philadelphia,  have  recently  received 
orders  for  a  lo.ooo-lbs.  iron  tester  for  the  Benedict  &  Burnham 
Company,  Waterbury,  Conn.;  a  5,000-lbs.  transverse  tester  for 
the  New  York  Car- Wheel  Works,  Buffalo,  N.  Y.;  a  3,000-lbs. 
transverse  tester  for  the  Albion  Iron  Works,  Victoria,  B.  C. ; 
a  2,ooo-lbs.  cement  tester  for  the  City  Engineer,  Los  Angeles, 
Cal.,  and  a  i,ooo-Ibs.  cement  tester  for  Paige,  Carey  &  Com- 
pany, Wheeling,  W.  Va.     The  Company  has  also  recently  sold 


Company,  Augusta,  Ga.;  Weston  Furnace  Company,  Manis- 
tique,  Mich. 

At  the  annual  meeting  of  the  Consolidated  Car  Heating 
Company  in  Albany,  N.  Y,,  recently,  the  following  officers 
were  chosen  for  the  ensuing  year :  President,  Robert  C. 
Pruyn,  Albany  ;  Vice-President  and  Treasurer,  William  G. 
Rice,  Albany  ;  General  Manager,  D.  D.  Sewall,  New  York  ; 
Mechanical  Superintendent,  James  F.  McElroy  ;  Assistant 
General  Manager,  J.  H.  Sewall,  Chicago  ;  Secretary,  Charles 
J.  Peabody,  Albany  ;  Executive  Committee,  Robert  C.  Pruyn, 
William  G.  Rice,  George  Westinghouse,  Jr.,  D.  D.  Sewall, 
James  F.  McElroy,  and  A,  S.  Hatch. 

The  plan  of  carrying  a  lighting  and  heating  tender  on  pas- 
senger trains  devised  by  Mr.  George  Gibbs,  Mechanical  Engineer 
of  the  Chicago,  Milwaukee  &  St.  Paul,  has  been  heretofore  de- 
scribed. This  tender  carries  a  boiler  which  furnishes  steam  to 
heat  the  train  and  to  run  the  dynamo  engine.     For  this  service 

Mr.  Gibbs  made  experiments  with  several  ty{>es  of  engines, 
but  without  satisfactory  resuUs  in  the  main  particulars.  With 
one  form  of  horizontal  engine  it  was  found  impossible  to  avoid 
an  irritating  vibration  which  was  transmitted  throughout  the 
entire  length  of  the  connected  train.  The  adoption  of  the 
Westinghouse  engine  proved  successful  in  every  particular. 
The  same  Company  is  using  a  50-H.P.  single-acting  compound 
engine  in  its  lighting  plant  at  the  passenger  station  in  Mil- 
waukee. 

The  Buffalo  Railway  Supply  Company  has  removed  its 
offices  to  No.  52  Exchange  Street,  Buffalo,  N.  Y. 

It  is  claimed  that  the  largest  carrier  on  the  lakes  is  the  steel 
steamer  E.  C.  Pope,  built  by  the  Detroit  Dry  Dock  Company. 
She  has  just  delivered  a  load  of  3.070  net  tons  from  Lake 
Superior  on  14  ft.  i  in.  draft ;  on  16  ft.  draft  she  will  carry 
3.800  tons.  The  E.  C.  Pope  is  337  ft.  long  over  all,  42  ft. 
beam,  and  24  ft.  depth  of  hold. 

The  American  Steel  Barge  Company  is  extending  its  oper- 
ations to  the  Atlantic.  The  steam  whale-back  barge  A.  D. 
Thompson,  which  was  launched  at  West  Superior,  Wis..  June  6, 
is  the  thirteenth  of  these  barges  now  afloat.  She  has  triple- 
expansion  engines  built  in  England,  and  is  almost  a  duplicate 
of  the  Charles  W.  Welmore,  which  has  just  left  the  head  of 
Lake  Superior  for  the  Atlantic.^  The  Wetmore  will  go  direct 
to  England  with  wheat.  Her  cargo  of  70,000  or  So.ooc  bushels 
will  be  increased  to  about  100.000  bushels  after  the  boat  takes 
it  on  a  second  time  at  Montreal,  it  being  necessary  to  go  down 
the  St.  Lawrence  rapids  light.  The  Wetmore  will  probably  go 
down  the  rapids  in  company  with  the  Colby  and  her  tow  barge, 
as  the  latter  is  now  delayed  at  Kingston  for  repairs  to  her 
boiler.     The  CoU>y  and  tow  will  engage  in  the  Atlantic  coast 
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trade  for  the  present,  and  may  be  sent  around  the  horn  to  the 
Pacific  in  the  fall.  These  barges  are  265  ft.  long,  38  ft.  beam, 
and  24  ft.  deep,  and  their  dimensions  are  of  interest,  as  they 
sho«r  the  largest  boat  that  can  reach  the  Atlantic  from  the 
lakes  by  going  through  the  locks  of  the  Welland  and  running 
the  rapids  of  the  St.  Lawrence. — Cleveland  Marine  Kcvieiv. 

The  Safety  Car  Heating  &  Lighting  Company,  of  New 
York,  states  that  all  apparatus  placed  by  it  on  cars  is  fully  cov- 
ered by  patents  which  it  owns,  and  the  Company  is  ready  to 
protect  purchasers  of  its  apparatus  in  case  of  suit.  An  appeal 
has  been  taken  from  a  recent  decision  of  the  Examiner  in  the 
Patent  Office,  affecting  the  use  of  circulating  pipes  ;  the  Safety 
Company  claims,  however,  that  in  any  event  its  system  will  not 
be  affected. 

A  NEW  method  of  unloading  coal,  iron  ore  and  similar  freight 
from  vessels  has  been  introduced  at  Hamburg,  Germany,  by 
Mr.    G.  Blumcke.      The    hoisting   shafts   carrying 
grooved  friction  spools  are  bolted  alongside  of  the 
hatches  and  are  driven  by  small  Westinghouse  en-  _, 

gines  placed  temporarily  on   the  deck,  the  engines 
being  on  portable  pedestals. 

The  Delaware  Ship  Building  Works  have  recently 
completed  a  new  steamer,  the  Costa  Rica,  for  the 
Pacific  Mail  Steamship  Company.  This  ship  is  250 
ft.  long,  36  ft.  beam,  and  20  ft.  depth  of  hold.  Her 
engines  are  of  the  triple-expansion  type,  with  cyl- 
inders 20  in.,  32  in.  and  50  in.  in  diameter  and  36 
in.  stroke.  Steam  is  supplied  by  four  Doilers  of  the 
Scotch  type.  The  Costa  Rica  will  for  the  present 
run  between  New  York  and  Colon.  -» 

An  order  recently  received  by  Riter  &  Conley,  in 
Pittsburgh,  is  for  10  upright  tubular  boilers  each  10 
ft.  in  diameter  and  30  ft.  high  for  the  new  steel 
works  at  Superior,  Wis.  These  are  probably  the 
largest  boilers  of  this  class  ever  built. 

The  McConway  &  Torley  Company,  in  Pitts- 
burgh, is  enlarging  its  office,  requiring  additional 
room.  This  Company  recently  shipped  to  one 
party  10  car  loads  of  Janney  couplers. 

The  largest  pair  of  rolls  ever  made  in  Pittsburgh 
were  recently  completed  at  the  Phoenix  Works  in 
that  city.  They  are  25  ft.  5  in.  in  length  and  24  in. 
in  diameter,  and  are  intended  for  a  plate-bending 
machine  at  the  Mare  Island  Navy  Yard. 

It  is  stated  that  the  Lafayette  Car  Works,  La- 
fayette, Ind.,  will  be  removed  to  Lima,  O.,  and 
consolidated  with  the  car  works  there  under  the 
name  of  the  Ohio  Car  Company. 

The  Southern  Pacific  Company  is  altering  one 
of  its  consolidation  engines  to  a  compound  engine. 
The  engine,    which   was   built  at  Schenectady  two 
years  ago,  will  be  converted  into   a  two-cylinder 
compound  provided  with  the  Pitkin  intercepting  valve.     The 
cylinders  will  be  20  and  26  in.  in   diameter   by   26  in.   stroke. 
The  driving-wheels    are    56   in.    in   diameter  and    the   engine 
weighs  133,000  lbs. 

The  Harlan  &  Hollingsworth  Company  have  recently  com- 
pleted a  new  steamboat,  the  Montauk,  for  the  line  between 
New  York  and  Sag  Harbor.  The  Montauk  is  175  ft.  long  and 
31  ft.  beam  and  11  ft.  depth  of  hold.  She  has' a  surface  con- 
densing beam  engine  with  cylinders  38  in.  in  diameter  and 
9  ft.  stroke,  with  Stevens  cut-ofT  and  proportioned  to  carry  a 
working  pressure  of  60  lbs.  The  paddle  wheels  are  iron 
feathering  wheels  20  ft.  6  in.  in  diameter  and  S  ft.  face. 


fioilers  and  Stay- Bolts. 


In  shops  for  the  construction  and  repair  of  locomotives,  it  is 
well  known  that  in  many  instances  the  most  troublesome  jobs 
in  hand  are  the  drilling  and  tapping  of  stay-bolt  holes  and  the 
removal  and  replacing  of  old  and  broken  stay-bolts.  Having 
this  in  view,  Mr.  J.  T.  Connelly,  of  Milton,  Pa.,  a  boiler-maker 
of  long  experience,  has  devised  some  ingenious  tools  for  this 
purpose.  These  include  radial  taps,  which  are  especially 
adapted  for  tapping  holes  which  are  long  distances  apart,  as, 
for  instance,  from  the  outer  shell  of  the  boiler  to  the  crown- 
sheet,  or  from  side  to  side.  The  device  for  tapping  the  holes 
is  shown  rn  fig.  i  herewith,  in  which  A  A  are  two  correspond- 
ing screw-taps  provided  with  exterior  threads  a  and  having  a 
central  bore  extending  entirely  through  the  taps  and  provided 
with  a  thread.  Through  this  central  bore  there  is  passed  a 
spindle    C,  externally  threaded  to  correspond   to  the   bore  B. 
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Fig.  I. 


Norfolk  Improvements. 


The  Norfolk  &  Western  Railroad  is  now  building  in  Nor- 
folk, Va.,  a  new  passenger  station  and  freight  house,  which 
will  cost  about  1250,000.  The  Company  is  also  completing  its 
belt  line  around  the  city,  and  is  building  an  engine-house  and 
repair  shop  at  Lambert's  Point.  In  connection  with  this  belt 
line  the  docks  at  Lambert's  Point  are  to  be  extended  and  a 
large  grain  elevator  is  to  be  put  up  there.  It  is  also  expected 
that  a  special  dock  will  be  built  there  for  unloading  Cuban  ores, 
which  will  be  transported  over  this  road,  and  used  in  some  of 
the  furnaces  along  the  line  for  mixing  with  West  Virginia  and 
Virginia  ores  for  the  manufacture  of  Bessemer  pig  iron. 


Fig.  2.  Fig.  3. 

CONNELLY'S  STAY-BOLT  DRILLS  AND   RADIAL  TAPS. 

This  spindle  may  be  of  any  desired  length,  and  the  screw  taps 
A  A  are  mounted  upon  it,  as  shown,  being  thus  adapted  to 
work  toward  each  other  and  to  be  guided  by  the  spindle  in  a 
straight  line.  In  operation  this  may  be  used  by  two  men  at 
the  same  time,  one  working  from  the  inside  and  the  other  from 
the  outside.  One  tap  is  secured  upon  the  spindle  far  enough  to 
have  a  firm  bearing,  and  the  spindle  C  is  then  passed  through 
the  holes  to  be  threaded  until  the  end  of  the  tap  enters  the  ad- 
joining sheet,  and  the  other  end  extends  or  projects  far  enough 
from  the  hole  in  the  other  sheet  to  receive  the  other  lap.  which 
is  then  secured  upon  the  projecting  end  of  the  spindle  ;  the  taps 
are  run  into  the  respective  sheets  and  the  bolt  holes  are 
threaded.  The  great  advantage  of  this  arrangement  is  that  the 
taps  are  guided  in  a  perfectly  straight  line,  even  where  the 
holes  are  long  distances  apart,  and  the  threads  cut  in  both 
sheets  correspond. 

The  second  device  is  for  drilling  out  or  removing  old  or  bro- 
ken stay-bolts  without  displacing  any  parts  of  the  engine,  and  is 
best  shown  in  operation,  as  in  fig.  2.  Here  there  is  used  an 
externally  threaded  tubular  guide  A  which  is  screwed  into  the 
thread  of  the  old  stay-bolt  hole  of  the  fire-box  sheet,  and  made 
to  approach  the  part  of  the  bolt  in  the  outer  sheet.  The  por- 
tion of  the  broken  bolt  in  the  fire-box  sheet  can  be  readily  re- 
moved in  the  usual  way,  as  it  is  always  accessible  from  the 
inside.  The  guide  A  will  approach  the  portion  of  the  bolt  in 
the  outer  sheet  in  a  straight  line,  as  its  direction  will  be  deter- 
mined by  the  thread  in  the  inside  sheet.  When  it  has  been 
screwed  in  far  enough,  or  so  as  to  approach  the  broken  bolt 
end,  it  can  be  locked  in  position  by  the  jam-nut  B.  The  drill 
C  is  then  passed  through  the  guide  and  may  be  readily  driven 
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to  accurately  drill  out  or  remove  the  bolt.  In  case  a  drill  with 
a  larger  point,  which  will  drill  out  the  full-size  hole,  is  preferred, 
the  drill  stem  may  be  passed  through  from  the  front  end  of  the 
nut  B.  This  arrangement  is  shown  in  the  lower  hole  in  fig.  2. 
It  will  be  seen  that  even  where  the  stay-bolts  which  are  broken 
come  inside  the  frames  or  other  porticfns  of  the  engine,  no  part 
will  have  to  be  moved  as  long  as  the  inside  of  the  fire-box  is 
accessible. 

Another  device,  which  is  shown  in  fig.  3,  is  intended  to  tap 
holes  in  the  plates  of  locomotive  boilers  at  points  which  are  not 
accessible  from  the  outside,  a  case  which  frequently  occurs  in 
actual  practice.     Here  also  the  arrangement  can  best  be  shown 


pany  has  finally  adopted  one  which,  it  is  claimed,  presents 
some  points  of  advantage  over  any  other  now  in  use. 

This  governor  is  shown  in  the  accompanying  cuts,  fig.  i 
being  a  perspective  view,  showing  the  governor  in  use,  run- 
ning in  a  rase  filled  with  oil  ;  fig.  2  a  half  plan  and  half  sec- 
tion, and  fig.  3  is  a  cross-section  through  the  center,  showing 
the  position  of  the  eccentric.  These  views  show  its  simplicity 
of  construction  and  the  absence  of  the  usual  adjustments  in 
the  form  of  balanced  eccentrics,  unloading  device,  dash-pots, 
etc. 

The  details  of  the  construction  are  shown  by  the  drawings. 
A  heavy  unbalanced  eccentric  and  strap  place  the  center  of 


Fig  3 


in  operation.  The  holes  having  been  drilled,  as  has  already 
been  shown,  the  spindle  with  the  enlarged  end  is  placed  in  the 
holes  to  be  threaded,  the  enlargement  entering  the  hole  in  the 
outer  shell.  The  taper  tap  is  then  placed  on  the  spindle,  and 
the  hole  in  the  fire-box  sheet  is  threaded  from  the  inside.  The 
enlarged  end  of  the  spindle  fitting  the  hole  in  the  outer  sheet 
and  the  tap  the  hole  in  the  inner  sheet,  the  latter  will  be  guided 
in  a  straight  line  and  forced  to  cut  a  thread  corresponding  in 
direction  and  pitch  with  that  of  the  outer  sheet.  When  the  hole 
in  the  fire-box  is  threaded,  the  tap  and  spindl^^re  removed, 
and  the  spindle  having  the  threaded  end  and  round  nut  is  sub- 
stituted, the  nut  being  placed  in  the  hole  of  the  outer  sheet  as 
shown.  This  affords  a  firm  bearing  for  the  spindle  and  will 
necessarily  guide  the  plug  tap  in  a  straight  line,  at  the  same 
time  allowing  it  to  enter  and  cut  its  thread  in  the  hole  of  the 
outer  sheet  until  the  end  touches  the  round  nut,  when,  by  pull- 
ing back  on  the  spindle  and  turning  it,  the  nut  will  be  un- 
screwed and  dropped  down  by  the  side  of  the  fire-box.  The 
tap,  however,  will  then  have  a  firm  bearing,  and  the  threading 
of  the  outer  hole  can  be  completed.  The  threads  will  then 
necessarily  be  in  a  straight  line  and  will  correspond,  the  tap 
^^'"g  guided  by  the  thread  already  made  in  the  fire-box  sheet 
and  by  the  nut  in  the  outer  sheet. 

The  saving  in  time  and  expense  in  making  repairs  on  a  loco- 
motive by  the  use  of  these  devices  can  readily  be  understood 
by  those  who  have  had  similar  work  to  attend  to.  These  de- 
vices have  been  fully  tested  in  practical  use. 


The  Westinghouse  Governor. 


The  chief  points  of  excellence  in  a  steam  engine  governor 
are  its  quickness  of  action  and  ability  to  handle  the  engine 
under  great  changes  of  load,     In  experimenting  for  a  governor 
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Fig.  I. 

THE  WESTINGHOUSE   GOVERNOR. 

gravity  of  the  combination  very  near  the  center  of  the  shaft 
without  sacrificing  strength.  Short  heavy  springs  with  a  low 
initial  tension  are  used,  and  the  governor  is  fio  compiict  that 
it  ii  pl»c«4  In  1^  h«*vy  CMC  cojiiplctcljr  filM  wUH  9ll,  IP  »i  (o 
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insure  free  lubrication.  While  it  is  heavy  and  perfectly  free  to 
move  even  through  the  whole  range,  if  necessary,  its  Strength 
is  a  variable  quantity  and  the  leverage  increases  so  as  to  meet 
and  resist  the  greater  Strains  of  longer  cut-offs.  The  chief 
excellence  of  the  governor,  it  is  claimed  by  the  makers,  is  its 
ability  to  utilize  its  inertia  for  the  rapid  adjustment  required 
to  meet  instantaneous  changes  of  load.  The  tendency  of  the 
engine  to  change  its  speed  as  demanded  by  the  regulation  on 
account  of  change  of  load  throws  the  governor  to  the  new 
position  to  suit  the  new  load,  the  inertia  being  the  force  which 
changes  the  adjustment  of  the  governor.  In  this  point  it 
differs  from  other  devices  of  this  class,  which  are  usually 
actuated  by  changes  of  centrifugal  force  alone,  and  conse- 
quently require  heavy  fly-wheels  to  keep  them  from  raising 
under  sudder  changes.  In  this  governor  the  centrifugal  force 
is  irerely  auxiliary,  and  the  fly- tv heel  becomes  simply  a  bal- 
anced wheel.  It  is  no  longer  required  in  storing  energy  to 
delay  the  change  of  speed  and  give  time  for  the  governor  to 
act. 

A  very  severe  test  was  recently  made  with  this  governor  on 
a  Wcstinghouse  compound  engine  with  cylinders  18  in.  and 
30  in.  X  16  in.  at  the  station  of  the  Pleasant  Valley  Electric 
Railroad  Company  in  Allegheny  City,  Pa.  The  cards  taken 
from  this  engine  under  constant  load,  under  partial  changes, 
and  under  extreme  changes  show  a  remarkable  uniformity,  and 
it  was  estimated  that  the  governor  would  travel  over  the  entire 
range  corresponding  to  a  change  of  the  capacity  of  the  engine 
of  250  H.  P.  in  less  than  three  seconds.  This  governor  is 
especially  adapted  for  use  in  engines  for  an  electric  plant, 
where  the  changes  in  power  are  very  sudden  and  very  great. 


The  Topliff  Safety  Attachment  for  Valves. 

The  accompanying  illustrations  show  a  safety  attachment 
for  check-valves,  water-gauges  and  other  boiler  attachments, 
which  has  been  devised  and  invented  by  Mr.  Judson  B.  Topliff, 


Fig.  I. 


from  the  illustrations.  It  is  to  provide  a  supplementary  valve 
which,  in  case  of  the  breaking  of  the  f^auge,  Check-valve,  or 
Other  attachment  in  any  way  will  be  at  once  automatically 
closed  by  the  greater  pressure  of  steam  in  the  boiler,  and  will 
thus  prevent  any  escape  of  steam.     It  is  well  known  that  in 
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of  Toledo,  O.  Fig.  i  shows  a  glass  water-gauge  provided  with 
this  attachment,  while  figs.  3,  4,  5  and  6  show  different  forms 
of  the  valve  upon  a  larger  scale.     The  idea  will  be  readily  seen 


TOPLIFF'S  SAFETY  ATTACHMENT£FOR  VALVES. 

case  of  an  accident  to  an  engine  much  damage  and  injury  to 
persons  frequently  results  from  the  steam  and  hot  water  which 
escape  at  points  where  the  boiler  attachments  are  broken  or 
wrenched  off,  but  by  this  arrangement  such  injuries  would  be 
entirely  avoided. 

An  incidental  but  considerable  advantage  is  that  leaky  cocks 
can  be  ground  in  while  steam  is  in  the  boiler,  the  inside  valve 
closing  at  once  when  the  outer  portion  of  the  valve  is  removed. 
It  is  also  claimed  by  the  inventor  that  in  a  check-valve  this 
attachment  will  increase  the  capacity  of  the  injector  consider- 
ably and  the  valve  will  not  become  useless  from  corrosion, 
mud  or  any  sediment  in  it,  since  the  valve  will  remain  closed 
except  when  the  injector  is  working  and  no  sediment  from  the 
boiler  can  be  forced  into  the  check.  This  claim  has  been  sub- 
stantiated by  actual  experience  on  a  locomotive. 

The  advantages  of  this  arrangement  will  readily  be  seen  by 
practical  men,  and  the  device  seems  well  adapted  for  the  pur- 
pose for  which  it  is  intended. 


Brake  Shoes. 


It  might  be  of  interest  to  readers  to  know  that  wood  brake 
shoes  were  used  by  railroads  in  their  earlier  days. 

Wood  brake  shoes  were  in  general  use  on  the  Baltimore  & 
Ohio  cars,  with  the  exception  of  iron  coal  cars,  from  its  open- 
ing until  about  1853.  The  shoes  were  principally  of  ash,  but 
oak  was  used  to  some  extent. 

After  the  line  crossed  the  Alleghanies  it  was  soon  discovered 
that  wood  brake  shoes  would  not  answer,  as  they  burned  out 
while  descending  the  heavy  grades,  and  a  wrought-iron  shoe 
riveted  to  a  cast-iron  block  superseded  the  wood  shoe.  The 
wrought-iron  shoe  has  since  been  superseded  by  the  cast-iron 
shoe  for  passenger  and  freight  equipment. 


Baltimore  Notes. 


A  CERTIFICATE  of  incorporation  of  the  Maryland  Bolt  &  Nut 
Company  of  Anne  Arundel  County  has  been  filed  in  the  office 
of  the  clerk  of  the  Circuit  Court,  at  Annapolis.  Following  are 
the  incorporators  :  David  L.  Bartlett,  J.  Olvey  Norris,  W.  F. 
Prick.  C.  A.  Hotchkiss,  Thurston  Rawlins,  Howard  Carlton, 
and  George  A.  Von  Lingen.  The  location  is  Curtis  Bay.  The 
capital  stock  is  $100,000. 

The  Baltimore  &  Ohio  Railroad  has  just  closed  a'contract 
with  the  Pullman  Company  for  36  first-class  coaches  and  6  com- 
bined passenger  and  baggage  cars. 

The  Wells  &  French  Company,  Chicago,  is  building  75  gon- 
dola cars  of  60,000  lbs.  capacity  for  the  Pittsburg  &  Chicago 
Gas  Coal  Company, 
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The  South  Baltimore  Car  Works,  Curtis  Bay,  have  just  closed 
a  contract  with  the  Youghiogheny  River  Coal  Company  for  the 

construction  of  200  hopper  gondolas  of  60,000  lbs.  capacity. 

The  compound  engine  built  by  the  Baldwin  Locomotive 
Works  for  the  Baltimore  &  Ohio  is  now  in  Mt.  Clare  shops, 
being  changed  to  a  simple  engine. 

The  Baldwin  Locomotive  Works  are  building  three  new  pas- 
senger engines  for  the  Baltimore  &  Ohio  Railroad,  which  are  to 
have  78-in.  wheels. 


The  Baker  Heater  Company. 


This  Company  has  recently  moved  into  a  new  and  commo- 
dious building  at  799  Greenwich  Street,  New  York,  which  is 
equipped  with  the  requisite  machinery,  tools,  and  appliances 
for  manufacturing  the  well-known  Baker  Car  Heater.  This 
was  invented  in  1868,  and  was  not  materially  improved  until 
seven  years  ago,  when  Mr.  Baker  commenced  making  and 
putting  into  use  various  improvements  which  resulted  in  the 
production  of  a  heater  in  which  the  fire  is  enclosed  and  com- 
pletely enveloped  within  a  soft  flexible  wrought-steel  cylinder, 
which  would  be  crushed,  but  cannot  be  broken  in  a  collision. 
This  cylinder  is  made  by  welding  the  longitudinal  joint  of 
the  plates  and  also  the  two  heads,  thus  making  it  practically 
jointless.  This  improvement  is  so  obvious  that  it  seems  a 
wonder  that  all  car  heaters  have  not  been  made  in  this  way 
long  ago. 

The  new  shop  will  give  the  Baker  Company  improved  and 
increased  facilities  of  manufacture,  and  new  improvements  in 
details  are  constantly  being  made  in  their  apparatus. 

After  a  long  litigation  in  the  Patent  Office,  occupying  over 
three  years,  a  decision  has  just  been  rendered  in  favor  of 
W.  C.  Baker  as  the  first  inventor  of  the  combination  with  a 
car  "  of  a  system  of  circulating  pipes  within  said  car,  and  two 
heaters  both  in  operative  contact  with  said  circulating  system, 
or  with  branches  thereof,  and  adapted  to  be  operated  simulta- 
neously or  separately  for  imparting  heat  thereto." 


PERSONALS. 


A.  F.  Harley  has  been  appointed  City  Engineer  of  Jackson- 
ville, Fla. 

L.  B.  Jackson  has  resigned  his  position  as  Chief  Engineer 
of  the  Chesapeake  &  Ohio  Railroad. 

W.  Barclay  Parsons  has  been  appointed  Assistant  Engi- 
neer of  the  New  York  Rapid  Transit  Commission. 

George  H.  Baker  has  been  appointed  Fuel  Expert  of  the 
Southern  Pacific  Company,  with  headquarters  in  Sacramento. 

Alfred  P.  Boller,  of  New  York,  the  well-known  bridge 
engineer,  has  been  elected  a  member  of  the  British  Institution 
of  Civil  Engineers. 

W.  H.  Hudson  is  appointed  Master  Mechanic  of  the  Atlanta 
and  the  Brunswick  Divisions  of  the  East  Tennessee,  Virginia  & 
Georgia  Railroad,  in  place  of  E.  M.  Roberts,  resigned. 

N.  W.  Eayrs  has  been  appointed  General  Manager  of  the 
Wheeling  Bridge  &  Terminal  Company  at  Wheeling,  W.  Va. 
He  was  recently  engineer  of  the  St.  Louis  Terminal  Railroad. 

William  H.  V.  Rosing  has  resigned  his  office  as  Assistant 
Master  Mechanic  of  the  Illinois  Central  Railroad,  to  accept  a 
position  with  the  new  Grant  Locomotive  Works  in  Chicago. 

Edward  Ellis  succeeds  the  late  Charles  G.  Ellis  as  Presi- 
dent of  the  Schenectady  Locomotive  Works.  William  D.  Ellis 
succeeds  Mr.  Edward  Ellis  as  Treasurer  of  the  Company. 

A.  C.  Bassett  has  resigned  his  position  as  Superintendent 
of  the  Coast  Division  of  the  Southern  Pacific,  and  will  take 
charge  of  the  Loma  Pietra  Lumber  Company  in  Southern 
California. 

C.  C.  Elwell  has  been  appointed  Engineer  of  Maintenance 
of  Way  of  the  Pittsburgh  Division,  Baltimore  &  Ohio  Railroad, 
succeeding  W.  A.  Pratt,  who  has  been  transferred  to  the  Phil- 
adelphia Division. 

W.  A.  Stone  is  appointed  Master  Mechanic  of  the  Alabama 
Division  of  the  East  Tennessee,  Virginia  &  Georgia  Railroad, 
in  place  of  C.  L.  Petrikin,  who  has  resigned  to  engjige  in 
manufacturing  business.  . 


Harvey  Middleton,  late  Superintendent  of  Motive  Power 
of  the  Union  Pacific,  has  been  appointed  Superintendent  of 
Construction  of  Pullman's  Palace  Car  Company,  and  will 
have  his  office  at  Pullman,  111. 

James  Harrington  has  been  appointed  Chief  Engineer  and 
General  Superintendent  of  the  Cleveland,  Akron  &  Columbus 
Railroad,  and  John  J.  Henry  Superintendent  and  Master  Me- 
chanic. As  Superintendent  Mr.  Henry  succeeds  R.  G.  Sharps, 
who  has  resigned. 

John  W.  Hobart  has  resigned  his  position  as  General  Man- 
ager of  the  Central  Vermont  Railroad.  He  has  been  con- 
nected with  the  road  for  43  years,  beginning  as  freight  clerk, 
and  holding  successively  the  positions  of  Station  Agent,  Gen- 
eral Freight  Agent,  General  Superintendent,  and  General 
Manager.     Mr.  Hobart  retires  from  business  altogether. 

The  following  changes  in  the  Engineer  Department  of  the 
Navy  have  been  directed  by  the  Secretary  :  Chief  Engineer 
H.  B.  NoNES  has  been  ordered  to  duty  as  a  member  of  the 
Examining  Board  in  Philadelphia  ;  he  is  relieved  at  the  League 

Island  Yard  by  Chief  Engineer  A.  S.  Greene  ;  Chief  Engi- 
neer William  W.  Dungan  is  relieved  from  duty  at  the  New 
York  Navy  Yard  and  placed  on  waiting  orders.  His  place  in 
the  New  York  Yard  is  Uken  by  Chief  Engineer  S.  L.  P. 
Ayres. 

The  following  changes  on  the  Chicago,  Rock  Island  & 
Pacific  Railroad  result  from  the  death  of  Mr.  Verbryck : 
George  F.  Wilson,  heretofore  General  Master  Mechanic,  is 
appointed  Superintendent  of  Motive  Power  and  Equipment, 
and  will  have  charge  of  the  car  department  as  well  as  of  the 
motive  power  ;  H.  Monkhouse,  heretofore  Assistant  General 
Master  Mechanic  and  Assistant  General  Master  Car-Builder, 
is  appointed  Assistant  Superintendent  of  Motive  Power  and 
Equipment,  with  headquarters  at  Horton,  Kan.,  and  will  have 
charge  of  the  Company's  Southwestern  lines  ;  John  Black, 
Jr.,  is  appointed  Master  Mechanic  of  the  Illinois  Division, 
with  headquarters  in  Chicago. 

Colonel  Clarence  H.  Howard,  for  some  time  past  Gen- 
eral Superintendent  of  the  railroad  department  of  the  Scarritt 
Furniture  Company,  St.  Louis,  resigned  June  i  to  accept  the 
position  of  Vice  President  and  General  Manager  of  the  St. 
Charles  Car  Company.  Colonel  Howard  is  a  graduate  of 
Washington  University,  St.  Louis  ;  he  is  also  a  practical  man, 
having  learned  the  trade  of  machinist  on  the  Union  Pacific. 
He  served  the  Missouri  Pacific  as  Assistant  Foreman  and 
Foreman  of  the  locomotive  shops  in  St.  Loats,  and  later  as 
Assistant  Master  Mechanic,  having  been  in  the  interval  Super- 
intendent of  the  Missouri  Car  Wheel  &  Foundry  Company, 
and  of  the  Kansas  City  Car  &  Wheel  Company.  He  left  the 
Missouri  Pacific  to  connect  himself  with  the  Scarritt  Furniture 
Company.  Colonel  Howaid  is  widely  known  among  railroad 
men,  and  wherever  he  is  known  is  esteemed,  as  he  deserves 
to  be.  Few  men  are  more  popular,  and  few  can  get  through 
with  a  greater  amount  of  work  in  a  given  time.  His  successor 
with  the  Scarritt  Furniture  Company  is  his  brothej,  Geokge 
E.  Howard,  recently  with  the  Union  Pacific. 


OBITUARY. 


James  C.  Converse,  who  died  in  Greenfield.  Mass.,  May  25, 
has  been  for  some  years  past  President  of  the  National  Tube 
Works  Company,  of  Boston  and  McKeesport,  Pa.  He  was 
for  a  number  of  years  engaged  in  business  in  Boston,  and  was 
one  of  the  founders  of  the  successful  concern  now  known  as 
the  National  Tube  Works  Company.  Mr.  Converse  was  a 
leading  advocate  of  the  construction  of  the  Hoosac  Tunnel, 
and  served  one  term  as  Railroad  Commissioner  of  Massa- 
chusetts. 

David  Brooks,  who  died  in  Philadelphia,  May  30.  aged  71 
years,  was  engaged  with  Professor  Moss  in  his  first  experi- 
ments on  the  telegraph,  and  assisted  in  putting  in  operation 
the  first  telegraph  line  built  in  America.  He  was  engaged  in 
building  new  lines  for  a  number  of  years,  and  in  185 1  built  the 
line  between  Vera  Cruz  and  the  City  of  Mexico,  the  first  one 
in  that  country.  For  a  number  of  years  he  was  in  the  service 
of  the  Pennsylvania  Railroad  Company  and  afterward  of  the 
Western  Union  Telegraph  Company,  but  since  1867  bad  de- 
voted his  time  to  inventions  and  improvements  in  telegraph 
and  telephone  service,  many  of  which  are  in  successful  use. 
In  1873  he  served  as  Commissioner  to  the  Vienna  Exposition. 
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Charles  H.  Dunham,  who  died  in  Chicago,  June  3,  was 
well  known  among  railroad  supply  men,  and  had  been  engaged 
in  a  number  of  enterprises,  the  most  successful  of  which  was 
the  introduction  of  the  Dunham  car  door,  with  which,  in  con- 
nection with  some  other  patent  devices,  he  established  a  flour- 
ishing business,  which  was  afterward  transferred  to  the  Q.  &  C. 
Company.  Mr.  Dunham  then  undertook  the  establishment  of 
a  great  railroad  supply  agency  on  so  extravagant  a  scale  that 
it  could  hardly  be  expected  to  succeed.  He  was  very  popular 
among  his  wide  circle  of  friends  and  acquaintances,  being  a 
very  genial  and  generous  man,  but  a  lack  of  self-restraint  pre- 
vented his  final  success. 


B.  K.  Verbryck,  who  died  suddenly  in  Chicago,  June  2, 
aged  67  years,  began  work  on  the  Erie,  where  he  reached  the 
position  of  Foreman  in  the  old  Piermont  shops  ;  he  was  after- 
wards for  26  years  in  the  service  of  the  Chicago,  Rock  Island 
&  Pacific  Railroad,  and  for  a  number  of  years  past  was  Mas- 
ter Car- Builder  of  that  road,  having  entire  charge  of  its  cars. 
Mr.  Verbryck  had  been  so  long  with  the  Rock  Island  Road 
that  he  was  in  a  measure  identified  with  that  road,  but  was 
known  throughout  the  country  as  an  officer  of  ability  and  a 
man  thoroughly  versed  in  his  business.  He  was  a  member  of 
the  Master  Car  Builders'  Association  from  its  early  days,  tak- 
ing a  prominent  part  in  its  proceedings.  He  served  a  year  as 
Vice-President  and  one  year  as  President  of  the  Association. 


Colonel  John  Albert  Monroe,  who  died  in  Providence, 
R.  I.,  June  II,  had  resided  for  many  years  in  that  city.  He 
was  54  years  old,  and  graduated  from  Brown  University  in 
i860.  He  served  during  the  war  as  an  officer  of  artillery,  at- 
taining the  rank  of  Colonel  and  Chief  of  Artillery  of  the  Second 
Army  Corps.  After  the  war  he  took  up  the  profession  of  civil 
engineering,  and  was  engaged  on  many  important  works.  In 
1878  he  was  appointed  Assistant  Engineer  to  the  Mississippi 
River  Commission,  and  made  complete  surveys  of  the  river 
from  Cairo  to  Memphis.  Later  he  had  charge  of  the  building 
of  part  of  the  West  Shore  Railroad,  and  built  water-works  for 
Bismarck,  N.  D.,  and  several  other  cities.  He  was  Resident 
Engineer  in  charge  of  the  construction  of  the  Thames  Rirer 
Bridge,  which  was  his  last  work.  He  was  one  of  the  oldest 
members  of  the  American  Society  of  Civil  Engineers,  and  took 
a  prominent  part  in  the  proceedings  of  that  Society. 


Chauncey  Vibbard,  in  his  time  one  of  the  best-known 
railroad  men  in  America,  died  June  5,  at  Macon,  Ga.,  where 
he  had  gone  for  his  health.  He  was  79  years  old.  He  was 
born  in  Saratoga.  N.  Y.,  and  at  an  early  age  became  clerk  in  a 
store  in  Albany,  and  for  several  years  was  employed  in  busi- 
ness in  that  and  other  cities.  In  1836  he  was  made  Chief 
Clerk  of  the  old  Utica  &  Schenectady  Railroad,  then  just  com- 
pleted, and  held  that  position  until  184S,  when  he  was  made 
General  Superintendent  of  the  road,  of  which  Erastus  Corning 
was  then  Pxesident.  In  connection  with  Mr.  Corning  he 
arranged  the  consolidation  of  the  companies  owning  the  differ- 
ent links  of  railroad  between  Albany  and  Buffalo,  which  re- 
sulted in  the  formation  of  the  New  York  Central  Company  in 
1853.  Mr.  Vibbard  was  made  General  Superintendent  of  the 
consolidated  line  and  held  that  position  until  1S65,  when  he 
resigned  and  removed  to  New  York,  where  he  has  since  resided. 
For  a  number  of  years  he  was  actively  engaged  in  business 
there,  but  retired  some  years  ago,  although  he  retained  an 
interest  in  various  enterprises,  including  the  Day  Line  of 
Steamers  between  Albany  and  New  York,  and  a  number  of 
Southern  railroads.  From  1861  to  1863  Mr.  Vibbard  repre- 
sented the  Albany  district  in  Congress,  and  for  a  short  time  in 
18G2  he  was  Director  of  Military  Railroads,  resigning  that 
position,  however,  as  soon  as  the  War  Department  had  com- 
pleted its  railroad  organization.  It  is  Mr.  Vibbard's  great  dis- 
tinction that  he  was  one  of  the  first  to  see  and  recognize  the 
necessity  of  consolidation,  in  order  to  secure  the  proper  and 
economical  management  of  the  great  through  lines  to  the  sea- 
board, and  that  he  also  foresaw  before  almost  any  other  rail- 
road man  in  the  country  the  great  decrease  in  railroad  rates 
which  was  coming,  and  realized  that  it  could  only  be  met  by 
corresponding  economy  in  transportation.  He  was  at  one 
time  a  very  wealthy  man,  but  leaves  only  a  moderate  fortune. 


PROCEEDINGS  OF    SOCIETIES. 


National  Convention  of  Railroad  Commissioners.— The 
Committee  on  Safety  Appliances  appointed  at  the  last  conven- 
tion hat  decided  ihat  information  on  ihc  lollowipg  subjects 


The  total  number  of  freight  cars  owned,  leased,  or  other- 
wise controlled  by  each  company,  and  how  many  are  equipped 
with  automatic  couplers. 

The  kinds  of  couplers  used,  and  the  number  of  cars  with 
each  kind. 

The  kind  of  couplers  each  company  now  causes  its  freight 
cars  to  be  equipped  with. 

The  number  of  freight  cars  each  company  has  equipped  with 
train  brakes,  and  the  names  of  the  brakes  used. 

The  numiier  of  locomotives  each  road  owns,  leases  or  con- 
trols, and  the  number  equipped  with  driving-wheel  brakes. 

The  opinion  of  railroad  officials  as  to  the  way  in  which  the 
equipment  of  freight  cars  with  uniform  automatic  couplers  can 
best  be  hastened. 

The  Committee  has  also  determined  that  &  circular  setting 
forth  the  resolutions  of  the  Convention  under  which  the  Com- 
mittee is  acting,  and  requsting  such  information,  be  sent  to  ail 
railroad  companies  engaged  in  carrying  Interstate  commerce. 

It  has  also  determined  that  another  circular  embodying  the 
resolutions  above  referred  to  be  sent  to  organizations  of  rail- 
road officials  or  employes  with  the  request  that  any  communi- 
cations which  they  may  desire  to  submit  in  relation  to  the  sub- 
jects covered  by  the  resolutions  be  sent  to  the  Committee  in 
care  of  Edward  A.  Moseley,  Secretary,  at  the  office  of  the  In- 
terstate Commerce  Commission,  Washington,  D.  C,  and 
should  a  hearing  be  desired  by  any  organization  to  notify  the 
Committee  thereof  on  or  before  August  i. 

The  next  meeting  of  the  Committee  will  be  held  in  New 
York,  November  10.  Mr.  George  G.  Crocker,  of  the  Massa- 
chusetts Commission,  is  Chairman,  and  E.  A.  Moseley  Sec- 
retary. 


Association  of  Railroad  Accounting^  Officers.— The  third 
annual  convention  was  held  in  St.  Louis,  May  27  and  28,  about 
150  members  being  present. 

Reports  were  received  and  acted  upon  from  freight,  passen 
ger  and  other  committees.     Among  other  things,  a  modified 
plan  of  settlement  of  joint  freight  accounts,  based  on  the  plan 
adopted  by  the  association  two  years  ago,  and  known  as  the 
Niagara  Falls  plan,  was  adopted. 

Addresses  were  read  to  the  convention  as  follows  : 

W.  K.  Gillett,  Proper  Checks  for  Auditing  Daily  and 
Monthly  Reports  of  Local  Passenger  Traffic. 

E.  R.  Murphy,  Materials  Account — Proper  Relation  of  Ac 
counting  Departments  Thereto. 

Officers  were  elected  for  the  ensuing  year  as  follows  :  Cush- 
man  Quarrier,  Louisville  &  Nashville,  President  ;  D.  A.  Water- 
man, Michigan  Central,  First  Vice-President  ;  Chauncey 
Kelsey,  Chicago  Si.  Alton,  Second  Vice-President  ;  C.  G.  Phil- 
lips, Chicago  &  Northwestern,  Secretary  and  Treasurer.  To 
take  the  place  of  retiring  members  of  the  Executive  Committee 
the  following  were  elected  :  G.  W.  Booth,  Baltimore  &  Ohio  ; 
G.  L.  Lansing.  Southern  Pacific  Company  ;  M.  Riebenack, 
Pennsylvania  Railroad  ;  Carlton  Hillyer,  Georgia  Railroad. 


Master  Car-Builders'  Association. — The  Annua)  Conven- 
tion met  at  the  Stockton  Hotel,  Cape  May,  N.  J.,  97  members 
answering  to  the  opening  roll-call.  After  a  short  address  by 
the  Mayor  of  the  City,  the  President,  Mr.  John  Kirby,  de- 
livered his  annual  address,  in  which  he  referred  to  several 
points  requiring  the  attention  of  the  Convention,  among  which 
he  included  the  diversity  of  design  of  the  M.  C.  B.  type  of 
couplers  coming  into  use,  the  excessive  use  of  defect  cards, 
the  progress  made  in  equipping  freight  cars  with  automatic 
brakes  and  couplers.  He  also  referred  appropriately  to  the 
recent  death  of  ex  President  Verbryck. 

The  Secretary  reported  that  the  Association  now  has  278 
members,  of  whom  158  are  active,  115  representative,  and 
5  associate  members.  Mr.  H.  G.  Prout  and  Mr.  D.  L. 
Barnes  were  elected  associate  members.  The  President  then 
appointed  committees  to  nominate  officers,  to  report  subjects, 
to  audit  accounts,  and  on  correspondence  and  resolutions. 

The  Joint  Committee  on  Time  and  Place  of  Meeting  reported 
that  they  had  agreed  to  recommend  a  change  in  the  constitu- 
tion of  bnth  associations,  arranging  that  the  Master  Car 
Builders'  Association  meet  on  the  second  Wednesday  in  June, 
and  the  Master  Mechanics*  Association  on  the  Monday  follow- 
ing ;  the  place  of  meeting  to  be  fixed  by  the  officers  of  the  two 
associations  acting  jointly.  The  report  was  approved  and  the 
necessary  resolution  adopted. 

Reports  were  then  presented  by  the  "committees  on  Lettering 
Freight  Cars,  on  Steam  Heating  and  Ventilation,  and  on 
Pressed  Steel  and  Malleable  Iron  in  Car  Construction.  The 
last-named  report  presented  some  statements  as  to  the  use  of 
steel  and  some  tests  of  strength  of  malleable  Iron,  and  its  re* 

port  was  diicuffe4  at  considfr^ble  length.    It  was  reiolved 
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that  A  Committee  be  appointed  to  report  to  the  next  Conven- 
tion a  standard  for  stake  pockets,  and  one  for  pressed  steel 
center- plates  for  car  trucks. 

Xhe  other  reports  were  accepted  and  the  Committee  on 
Steam  Healing  was  directed  to  report  a  standard  connection 
between  the  hose  and  pipe  and  a  standard  location  for  the  end 
of  the  steam-pipe. 

On  the  second  day  a  Committee  was  appointed  in  response 
to  a  communication  received  from  the  officers  of  the  Colum- 
bian Exposition  to  consider  the  question  of  co-operation  of  the 
Association.  The  rest  of  the  meeting  was  devoted,  according 
to  custom,  to  the  discussion  and  amendment  of  the  standard 
rules  for  interchange,  the  principal  points  brought  up  this  year 
being  in  relation  to  defective  wheels  and  wheel  guarantees  ;  to 
the  maintenance  of  standards  for  M.  C.  B.  standard  coupler 
and  to  air-brake  standards  and  the  inspection  and  care  of  air- 
brakes on  freight  cars.  The  last  named  was  of  the  most  im 
portance,  in  view  of  the  rapid  increase  in  the  number  of  cars 
furnished  with  %ir-brakes. 

At  the  third's  day's  session  resolutions  were  adopted  in 
favor  of  co-operation  of  the  Association  in  the  great  Exposition 
at  Chicago. 

The  Committee  on  Wheel  Guarantee  presented  a  report  stating 
that  no  conference  had  been  held  with  the  Wheel  Makers' 
Association.  The  Committee  was  continued  to  report  at  the 
next  meeting  of  the  Association.  The  Committee  on  Metal 
for  Brake-shoes  was  also  continued,  Mr.  J.  N.  Barr  being 
added  to  it. 

The  report  of  the  Executive  Committee  on  the  Standard 
Coupler  was  discussed  at  some  length,  and  it  was  resolved  that 
the  Executive  Committee  be  authorized  to  make  the  necessary 
arrangements  for  supplying  templates  for  the  use  of  railroads 
and  manufactures  of  couplers.  A  resolution  was  also  adopted 
for  the  appointment  committee  to  consider  whether  any  changes 
from  the  present  limits  would  be  advisablef 

It  was  resolved  to  submit  to  letter-ballot  the  form  of  journal- 
box  and  beating  for  6o,ooo-lbs.  cars  submitted  by  the  Committee. 

A  number  of  places  were  suggested  for  the  next  meeting, 
including  Cleveland,  Alexandria  Bay,  Saratoga,  Lakewood, 
N.  Y.,  and  Boston. 

The  usual  resolutions  of  thanks,  etc.,  were  adopted,  and 
committees  were  appointed  to  prepare  suitable  memorials  of 
Mr.  B.  K.  Verbryck  and  B.  C.  Richardson. 

The  officers  chosen  for  the  ensuing  year  are  :  President,  John 
Kirby  ;  First  Vice-President,  E.  W.  Grieves  ;  Second  Vice- 
President,  J.  S.  Lentz  ;  Third  Vice-President,  T.  A.  Bissell  ; 
Treasurer,  G.  W.  Demarest  ;  Secretary,  J.  W.  Cloud  ;  Execu- 
tive Committee,  R.  C.  Blackall,  E.  Chamberlain,  F.  D.  Casa- 
nave. 


Master  Mechanics'  Association. — The  Annual  Convention 
met  at  Cape  May,  N.  J.,  June  i6.  An  opening  address  was 
delivered  by  Congressman  Reyburn,  of  Pennsylvania.  The 
opening  roll  call  showed  107  members  present. 

The  President,  Mr.  John  Mackenzie,  delivered  his  annual  ad- 
dress, in  which  he  urged  the  necessity  of  further  efforts  to  de- 
crease the  cost  of  transportation.  The  object  of  the  motive 
power  officer  should  be  to  make  locomotives  more  economical 
in  the  use  of  fuel,  and  at  the  same  time  have  them  pull  heavier 
trains.  He  also  called  attention  to  the  need  of  action  on  safety 
appliances  for  locomotive  and  cars. 

The  Secretary  reported  that  there  were  now  on  the  roll  14 
honorary,  430  active,  and  14  associate  members,  the  increase 
in  members  last  year  being  the  largest  ever  made  in  any  one 
year.     The  usual  committees  were  appointed. 

The  Committee  to  confer  with  the  Master  Car  Builders'  As- 
sociation reported  an  amendment,  the  same  as  that  submitted 
to  the  other  Association,  which  was  adopted.  It  provides  that 
the  Master  Car  Builders'  meet  the  second  Wednesday  in  June 
and  the  Master  Mechanics  on  the  Monday  following,  the  place 
of  meeting  to  be  determined  by  the  officers  of  the  two  Associ- 
ations, acting  jointly. 

A  resolution  was  adopted  providing  for  the  incorporation  of 
the  Association  under  the  laws  of  New  York. 

Mr.  Charles  B.  Blackwell  read  a  paper  on  Flanging  Steel  at 
other  than  red  heat,  which  called  out  considerable  discussion. 
He  presented  some  remarkable  samples  of  flanged  steel. 

The  Committee  on  Exhaust  Pipes,  Nozzles  and  Steam  Pas- 
sages presented  a  report  which  was  accompanied  by  a  number  of 
drawings  and  indicator  diagrams  taken  from  locomotives  on 
the  Richmond  &  Danville  and  the  Cincinnati  Southern  roads. 
The  Committee  recommended  that  the  exhaust-pipes  should  be 
so  arranged  as  to  make  the  exhaust  as  free  as  possible  and  avoid 
back  pressure  ;  that  the  discharge  should  be  nearly  central 
with  the  stack,  and  that  the  exhaust-pipe  should  terminate  at 
such  distance  from  the  base  of  the  stack  as  to  insure  its  being 


completely  filled  at  each  discfiarge.  A  taper  stack  was  recom- 
mended. This  report  also  called  out  a  long  discussion  in  which 
a  great  variety  of  practice  was  indicated,  as  usual. 

The  Committee  on  the  Advantages  and  Disadvantages  of 
Placing  the  Fire- Box  above  the  Frames  asked  to  be  discharged, 
which  was  done. 

At  the  second  day's  session,  the  Committee  on  Iron  and  Sttcl 
Axles  presented  a  report,  submitting  the  facts  collected,  but 
declining  to  make  any  positive  recommendations.  This  report 
was  also  discussed,  but  without  reaching  any  conclusions.  The 
report  of  the  Committee  on  Testing  Lat>oratories  for  Railroads 
was  presented.  It  recommended  the  use  of  such  laboratories  in 
charge  of  proper  officers  as  Engineer  of  Tests  and  Chemist, 
and  gave  estimated  ais  to  the  cost  of  the  necessary  machinery. 
Instances  were  given  of  the  saving  secured  in  many  cases  by 
careful  tests  of  materials  purchased.  Quite  a  lively  discussion 
was  held  over  this  report. 

The  Committee  on  Disposal  of  the  Boston  Fund  recommended 
the  establishment  of  scholarships  at  the  Stevens  Institute,  Ho- 
boken,  on  the  terms  offered  by  that  Institution.  The  report  was 
adopted  and  the  officers  directed  to  carry  out  its  recommenda- 
tions. 

When  the  hour  for  general  discussion  arrived  Mr.  Vauclain 
addressed  the  Association  on  Compound  Locomotives,  and  was 
followed  by  other  speakers,  much  interest  being  taken  in  this 
subject. 

The  Committee  on  Purification  of  Feed-Water  then  presented 
its  report,  which  was  briefly  discussed,  Mr.  Gibbs  giving  some 
facts  as  to  the  great  gain  secured  by  purifying  bad  water. 

The  Committee  on  the  M.  C.  B.  Standard  Coupler  presented 
a  verbal  report,  which  was  received,  and  the  Committee  con- 
tinued. A  resolution  was  adopted  in  favor  of  the  use  of  the 
vertical  plane  coupler. 

The  Committees  on  Examination  of  Engineers  and  Firemen, 
and  on  Operating  Locomotives  with  Different  Crews,  presented 
reports  which  were  received  and  laid  over  for  further  discussion. 

At  the  third  day's  session  there  were  brief  discussions  on  both 
these  reports,  and  a  report  was  presented  by  the  Committee  on 
Locomotives  for  Heavy  Fast  Service.  This  presented  the  results 
of  information  collected,  and  staled  that  the  preference  appeared 
to  be  for  the  use  of  a  ten-wheel  rather  than  a  mogul  engine  for 
such  service,  but  declined  to  make  any  positive  recommenda- 
tion until  further  experience  had  been  had  with  this  type  of  en- 
gines, which  had  only  been  for  a  short  time  introduced  on  pas- 
senger trains. 

The  following  subjects  for  discussion  for  next  year  were  re- 
ported and  approved  : 

1.  Locomotive  Indicators. 

2.  Compound  Locomotives. 

3.  Special  Tests  and  Investigations. 

4.  Uniform  Standard  of  Comparison  for  Locomotive  Per- 
formance. 

5.  Couplers. 

6.  Exhaust-Pipes  and  Nozzles. 

7.  Electric  Appliances. 

8.  Air-Brake  Rules. 

Mr.  John  Mackenzie  was  re-elected  President  and  Angus 
Sinclair  Secretary,  with  the  other  officers  of  last  year. 


New  England  Water- Works  Association. — The  loth 
Annual  Convention  began  at  Hartford.  Conn.,  June  10,  with  a 
large  attendance.  President  A.  P.  Noyes  delivered  the  annual 
address,  stating  that  the  Association  now  has  360  members, 
and  is  in  a  prosperous  condition,  having  a  balance  of  $2,000  in 
the  treasury.  After  the  routine  business  had  been  transacted, 
the  Committee  on  Classification  of  Rates  presented  its  report, 
and  Mr.  Freeman  C.  Coffin  read  a  paper  on  Standard  Flanges 
for  Water-pipes. 

At  the  evening  session  papers  on  experience  with  the  Water 
Hammer,  by  E.  E.  Farnham,  and  on  Lead  Pipe  Connections 
for  Iron  Service  Pipe,  by  H.  G.  Holden,  were  read  and  both 
were  discussed.  Discussions  were  also  held  on  several  topics 
suggested  by  members.  After  the  meeting  reception  was  given 
to  the  members  at  the  Allyn  House. 

On  the  second  day,  Thursday,  a  portion  of  the  morninj; 
session  was  devoted  to  the  usual  routine  business.  Papers 
were  presented  by  J.  C.  Hancock  on  the  Risk  of  a  Single 
Supply  Main  ;  by  S.  E.  Babcock.  on  Water  Pipe  Joints  j  by 
George  F.  Chase,  on  Direct  Pumping  Systems. 

Afternoon  and  evening  sessions  were  also  held  on  this  day, 
the  afternoon  session  being  devoted  to  the  reading  of  papers, 
including  one  on  the  New  Haven  Water  Company's  Dam,  by 
L.  A.  Taylor  ;  one  on  Dangers  through  Tunnel  or  Low  Grade 
Aqueducts,  by  D.  FitzGerald,  and  one  on  Studies  on  Algae  and 
Inlusoiia  in  Water,  by  F.  F.  Forbes. 
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The  evening  session  was  devoted  to  discussion  of  topics 
suggested.  Among  those  presented  at  the  Convention  were 
Minimum  Size  of  Mains  ;  Water  Meters  ;  House  Inspection  ; 
Ordinary  and  Fire  Supply  for  Factories  ;  Service  Pipes,  and 
Reasons  why  a  Hydrant  does  not  deliver  full  supply. 

The  third  day  was  principally  given  up  to  a  visit  to  the  reser- 
voirs of  the  Hartford  Water- Works  under  the  escort  of  the 
Water  Commissioners  of  the  City.  In  the  afternoon  the  con- 
vention adjourned,  after  an  unusually  successful  meeting. 


American  Boiler  Manufacturers'  Association.  The  an- 
nual meeting  of  this  Association  was  held  in  St.  Louis,  May 
12,  13,  and  14,  and  some  important  discussions  were  had. 
Reports  were  submitted  by  the  Committees  on  Material  and 
Tests,  on  Boiler  Tubes,  on  Man-holes  and  on  State  Inspec- 
tion Laws.  The  rules  governing  inspection  by  the  United 
States  were  also  discussed  and  a  form  of  bill  drawn  up  and  pre- 
sented. 

The  officers  elected  for  the  ensuing  year  are  :  President, 
James  Lappan,  Pittsburgh,  Pa.;  First  Vice-President,  Philip 
Rohan,  St.  Louis  ;  Second  Vice-President,  James  Kenney, 
St.  Paul  ;  Third  Vice-President,  Charles  Kroeshell.  Chicago  ; 
Secretary,  E.  D.  Meier,  St.  Louis  ;  Treasurer,  Richard  Ham- 
mond, Buffalo,  N.  Y. 


American  Society  of  Civil  Engineers. — The  Annual  Con- 
vention began,  according  to  programme,  at  Chattanooga, 
Tenn.,  May  21,  and  continued  until  May  26,  with  a  very  large 
attendance  of  members.  The  feature  of  the  meeting  was  the 
annual  address  of  President  Chanute,  which  referred  at  con- 
siderable length  to  the  important  engineering  works  of  the 
year,  including  tunnels,  ship  canals,  bridges  and  other  works. 
Mr.  Chanute  also  referred  at  considerable  length  to  the  future 
of  the  Society  and  spoke  of  the  best  method  of  increasing 
interest  in  the  same. 

Among  the  more  important  papers  read  was  one  by  Mr. 
John  E.  Greiner  on  the  American  Railroad  Viaduct  ;  one  by 
W.  B.  Parsons  on  Mountain  Railroad  Construction  ;  one  by 
R.  W.  Griffin  on  Car-Wheels.  A  number  of  other  papers  of 
interest  were  also  presented  and  discussed. 

There  was  a  lively  discussion  on  the  appointment  of  a  nomi- 
nating committee  and  upon  the  method  of  nominating  officers 
of  the  Society.  A  number  of  candidates  were  presented,  and 
will  be  voted  upon  by  letter  ballot. 

During  the  continuance  of  the  meeting  the  members  visited 
numerous  points  of  interest  in  Chattanooga  and  vicinity.  The 
annual  banquet  of  the  Society  was  held  on  the  evening  of  May 
24,  about  100  members  being  present  with  a  number  of  guests, 
including  ladies.  

American  Institute  of  Mining  Engineers. — The  summer 
meeting  was  held  in  Cleveland,  O.,  beginning  TuCSday,  June  2. 
Business  sessions  were  held  on  Tuesday,  Wednesday,  Thurs- 
day, and  Friday.  Wednesday  and  Thursday  were  largely  given 
up  to  visits  to  local  works,  and  Friday  afternoon  was  devoted 
to  an  inspection  of  the  ore  docks,  shipyards  and  water  works  of 
Cleveland.  The  annual  dinner  was  held  in  the  evening  of 
Thursday,  and  was  largely  attended. 


American  Society  of  Mechanical  Engineers.— The  last 
social  K:athering  for  the  season  was  held  at  the  club  house  in 
New  York.  May  28.  A  portrait  of  Mr.  Henry  R.  Worthington 
was  presented  to  the  Society.  Dr.  R.  W.  Raymond  made  an 
address  on  Egypt,  giving  some  notes  gathered  by  him  while 
on  a  visit  to  that  country  last  winter. 

These  social  gatherings  have  been  a  feature  much  enjoyed  by 
resident  and  visiting  members,  and  will  be  continued  next 
winter. 

Technical  Society  of  the  Pacific  Coast. — At  the  regular 
May  meeting  in  San  Francisco,  Mr.  R.  Hinchciifie  read  a  paper 
on  the  Hall  Hydro-Steam  Elevator. 

Mr.  Gutzkow  exhibited  an  induction  pump  for  raising  liquids. 
Mr.  W.  N.  Anderson  exhibited  a  device  for  working  elevator 
doors  automatically. 

Western  Railway  Club.— At  the  May  meeting  in  Chicago, 
there  was  a  discussion  on  the  subject  of  Air- Brakes  of  Inter- 
change Cars,  in  which  many  members  joined  and  a  set  of  rules 
was  adopted  for  submission  to  the  Master  Car  Builders'  Asso- 
ciation. 

Professor  W.  F.  Johnson  read  a  paper  on  Steam  Heating, 
which  was  discussed. 

Mr.  Barr  read  a  note  about  Bending  Steel  at  different  tem- 
peratures. 


The  meeting  was  closed  by  a  short  discussion  on  Joint  In- 
spection of  Cars. 


Engineers'  Society  of  St.  Louis.— At  the  regular  meeting 
in  St.  Louis,  May  20,  Messrs.  B.  E.  Chollar  and  E.  A.  Herman 
were  chosen  members. 

Mr.  Carl  Gayler  then  read  a  paper  on  Viaducts  Across  the 
Railroad  Track  in  St.  Louis,  describing  some  of  the  difficulties 
encountered  with  bridges  over  the  tracks  in  that  city,  and  some 
of  the  accidents  which  had  occurred.  In  conclusion  he  offered 
some  suggestions  as  a  result  of  the  experience  obtained  with 
existing  bridges.  This  paper  was  generally  discussed  by 
members  present.  

At  the  regular  meeting,  June  3,  R.  E.  McMath  was  chosen 
Librarian.  A  committee  was  appointed  to  revise  the  Con- 
stitution. 

Dr.  Wellington  Adams  read  a  paper  on  Mechanical  Propul- 
sion of  Road  Carriages,  in  which  he  advocated  the  use  of  a 
high-speed  rotary  steam-engine  with  steam  produced  by  burn- 
ing oil.  This  paper  was  pretty  sharply  discussed  by  members 
present.  

Wisconsin  Polytechnic  Society.— This  Society  was  organ- 
ized in  November  last  at  Milwaukee,  and  was  incorporated  in 
March  of  this  year.  It  has  a  considerable  membership  and 
holds  regular  meetings  on  the  second  Monday  in  each  month. 


NOTES  AND  NEWS. 


Bids  for  New  Lightships. — The  Lighthouse  Board  has  been 
receiving  bids  for  four  new  lightships,  to  be  known  as  Nos.  51, 
52,  53  and  54,  and  to  be  stationed  respectively  at  Cornfield 
Point,  Long  Island  Sound  ;  Fenwick  Island  Shoal,  off  the  New 
Jersey  coast  ;  Frying  Pan  Shoal,  off  the  North  Carolina  coast, 
and  Martin's  Industry,  off  the  Georgia  coast. 

These  lightships  will  be  far  superior  to  any  heretofore  built 
and  will  embody  many  novel  ideas,  the  most  important  of  which 
is  giving  them  propellers  and  steam-engines,  so  that  they  will 
not  be  entirely  at  the  mercy  of  the  sea.  They  can  steam  out  to 
their  stations  without  assistance,  and  in  many  storms,  when 
they  would  be  blown  from  their  anchorage,  they  can  ease  the 
strain  on  their  anchor  chains  by  steaming  against  the  storm. 
Then,  if  cast  adrift,  they  will  not  be  helpless,  but  can  maks  the 
nearest  port.  Their  steam  outfit  will  include  a  steam  windlass 
and  a  small  engine  for  working  the  steam  fog  signal. 

The  general  dimensions  of  the  ships  will  be  :  Length  over 
all,  118  ft.  10  in.;  beam,  26  ft.  6  in.;  depth  of  hold,  14  ft.  6  in. 
They  will  be  built  of  iron  and  steel,  and  Ihe  hulls  will  be  sub- 
divided by  four:main  bulkheads,  extending  up  to  the  main  deck. 

Bilge  keels  55  ft.  in  length  will  be  worked  on  each  side  of  the 
vessels,  and  will  help  to  steady  them  in  rough  weather.  An- 
other novelty  that  will  contribute  to  the  steadiness  of  the  ves- 
sels is  the  arrangement  of  the  hawse-pipes,  which  will  pass  di- 
rectly through  the  stern-posts  of  the  vessels,  instead  of  at  one 
side,  so  that  they  will  pull  more  evenly  on  their  cables.  The 
vessels  will  be  rigged  with  two  masts  and  try-sail  masts. 

The  Cornfield  Point  vessel  will  be  provided  with  flash  elec- 
tric lights,  four  of  them  being  carried  in  lense  lanterns  at  each 
masthead.  Each  of  these  separate  lights  will  be  about  equal  to 
the  ordinary  sixth-order  light.  The  e'ectric  plants  will  be  in 
duplicate  throughout.  The  Lighthouse  Board  is  now  experi- 
menting at  Staten  Island  with  revolving  screens  for  light-vessel 
lights,  and  it  is  probable  that,  when  these  vessels  are  com- 
pleted, Nos.  52,  53  and  54  will  also  have  lights  with  distinc- 
tive characteristics.  The  vessels  are  to  be  completed  within 
ten  months  from  the  date  of  contract. 

Roads  and  Vehicles. — In  a  paper  recently  read  before  the 
Engineering  Association  of  the  South.  Mr.  J.  M.  Heiskell  pre- 
sented the  argument  that  economy  of  street  and  highway  traffic 
could  best  be  secured  by  paying  attention  to  improving  the 
vehicle  rather  than  the  road  surface,  and  to  accomplish  this 
recommended  strongly  the  introduction  by  proper  legislation  of 
the  following  features  in  the  construction  of  vehicles  :  i.  Width 
of  tire  to  be  dependent  on  weight  of  load.  2.  Length  of  axle 
to  be  dependent  on  weight  of  load  in  order  to  insure  non-track- 
ing of  vehicles.  3.  A  difference  of  length  between  front  and 
rear  axle  to  insure  non-tracking  between  front  and  rear  wheels. 
4.  The  intro  luction  of  springs  for  heavy  draft  wagons.  The 
paper  presented  estimates  based  on  quotations  from  paving 
companies,  giving  their  prices  for  guaranteeing  the  mainte- 
nance of  their  pavements  for  terms  of  years  under  existing  cir- 
cumstances and  also  under  conditions  to  be  secured  by  legisla- 
tion requiring  the  above  improvements  in  vehicles. 


Vol.  LXV,  No.  7.] 


ENGINEERING    JOURNAL. 


335 


Dynamos  for  Train  Lighting. — In  England  and  in  France, 
where  more  progress  has  been  made  in  the  use  of  electricity  for 
lighting  trains  than  in  this  country,  the  chief  difficulty  found 
has  been  the  variation  of  speed  in  driving  the  dynamos.  Sep- 
arate engines  have  been  used  and  have  been  found  not 
altogether  satisfactory.  The  accompanying  illustration  and 
description,  which  are  taken  from  our  excellent  contemporary. 
Industries,  shows  a  solution  devised  by  J.  H.  Holmes,  of  New- 
castle-on-Tyne,  England.  This  dynamo  has  been  used  with 
much  success  on  the  Midland  Railway  in  England,  the  Northern 
Railroad  in  France,  and  on  some  lines  in  Germany  and  in  Rus- 
sia, and  has,  it  is  claimed,  passed  beyond  the  stage  of  experi- 
ment.    The  inventor  explains  his  device  as  follows  : 

Practically,  the  e.m.f.  of  an  ordinary  separately  excited 
dynamo  varies  directly  as  the  speed,  so  if  the  speed  be  in- 
creased, say,  from  500  revolutions  per  minute  to  1,000  revolu- 
tions per  minute,  the  electro-motive  force  will  be  doubled.  The 
electro-motive  force  varies  directly  as  the  strength  of  the  mag- 
netic field,  so  that,  if  the  strength  of  field  of  a  separately  excited 
dynamo  be  reduced  in  the  same  proportion  as  the  speed  at  Which 
its  armature  revolves  be  increased,  the  electro-motive  force  of 
the  armature  will  remain  practically  constant. 

To  produce  this  result  two  dynamos  are  arranged  having  their 
armatures  upon  the  same  shaft,  so  as  to  revolve  together,  but 


influenced  by  separate  magnetic  fields.  One  is  the  main  gen- 
erating machine,  the  other  is  for  regulating  the  strength  of  its 
magnetic  field.  The  magnets  of  the  machines  are  separately 
excited  from  an  external  source,  such  as  a  set  of  accumulators, 
and  the  magnets  of  the  generating  armature  are  provided  with 
two  distinct  exciting  circuits.  One  circuit  is  an  ordinary  high- 
resistance  shunt  circuit,  and  the  other  is  of  less  resistance,  and 
is  coupled  up  to  the  source  of  current  so  as  to  have  the  small 
regulating  armature  in  series  with  it.  The  regulating  armature 
is  so  coupled  up  that  its  electromotive  force  opposes  the  electro- 
motive force  of  the  regulating  armature  and  external  source  of 
supply.  The  high-resistance  shunt  circuit  is  so  proportioned  that, 
at  the  highest  speed  at  which  it  is  intended  to  run  the  generating 
armature,  it,  without  the  aid  of  the  regulating  circuit,  will  give 
a  magnetic  field  of  an  intensity  proper  for  the  required  e.m.f.  in 
the  generating  armature.  When  thus  driven  the  second  excit- 
ing circuit  ought  to  have  no  current  passing  through  it,  and  this 
is  secured  by  making  the  e.m.f.  of  the  regulating  armature  at 
its  highest  speed  equal  and  opposite  to  the  external  source  of 
e.m.f.  produced  in  the  second  coil  of  the  generating  machine. 
If,  however,  the  speed  falls,  the  e.m.f.  of  the  regulating  arma- 
ture is  reduced  in  the  same  proportion,  and  is  no  longer  equal 
to  the  external  e.m.f.,  and  a  current  will  flow  through  the  sec- 
ond exciting  circuit  of  the  magnets  of  the  generating  dynamo, 
thus  increasing  the  intensity  of  the  magnetic  field  to  make  up 
for  reduction  of  speed,  maintaining  a  practically  uniform  e.m.f. 
Tile  armature  is  driven  by  belting  from  the  axle  of  the  guard's 
van,  and  a  set  of  accumulators  excite  the  field  magnets.  A 
centrifugal  governor  automatically  switches  the  storage  bat- 
teries in  or  ouL  The  brushes  which  collect  the  current  from 
the  two  armatures  are  made  of  wire  gauze,  and  are  placed 
radijtlly,  the  "  lead  "  being  automatically  altered  to  suit  the  di- 


rection of  rotation.      The  connections  to  the  armatures  are 
changed  at  the  same  time. 

It  may  be  noted  here  that,  in  a  paper  recently  read  before  the 
Royal  Society  in  London,  it  was  stated  that  the  cost  of  fitting  a 
car  for  electric  lighting  on  the  Midland  Railway  was  about  $240, 
while  the  special  van  or  car  carrying  the  dynamo  cost  from 
$1,200  to  |i,400.  The  actual  running  cost  for  electricity  as 
used  on  the  Midland  Railroad  was  about  0.5  cent  per  lamp  per 
hour,  being  a  little  over  one-half  the  cost  with  compressed  gas. 

An  Ingenious  Arratigement  of  Power. — At  the  new  works 
of  the  Newport  News  Shipbuilding  &  Dry  Dock  Company  at 
Newport  News,  Va.,  the  various  shops  are  necessarily  sepa- 
rated from  each  other,  and  the  primary  engineering  conditions 
are  such  as  to  demand  the  subdivision  of  power  almost  as  a 
necessity.  The  key  to  the  successful  subdivision  of  power  wsis 
found  in  the  use  of  a  type  of  engine,  whose  specific  economy 
in  moderate  sizes  should  be  as  good,  or  better,  than  that  of  a 
single  large  central  engine  ;  and  further,  in  the  use  of  some 
practical  device  for  preventing  the  dangerous  accumulation  of 
water  in  an  extended  system  of  piping,  and  for  returning  all 
condensation  to  the  boilers  as  a  measuie  of  economy.  This 
contract,  comprising  engines  and  steam-loops,  was  awarded  to 
Westinghouse,  Church,   Kerr  &  Company,  and  comprises,  up 

to  date,  seven  indepen- 
dent Westinghouse  com- 
pound engines,  as  fol- 
lows :  One  of  80  H.  P., 
one  of  130  H.  P.,  four  of 
200  H.  P.  each,  and  one 
of  330  H.  P.,  each  pro- 
tected by  a  separator  and 
steam-loop.  A  central 
boiler  plant  of  high-press- 
ure boilers  supplies  steam 
to  these  engines,  most  of 
which  are  several  hundred 
feet  distant,  and  also  to 
sundry  pumps  and  other 
steam  machinery.  The 
steam  mains,  which  com- 
mence with  a  diameter  of 
14  in.,  are  Uid  in  an  in- 
teresting and  original 
manner.  To  go  overhead 
was  out  of  the  question, 
and  the  problem  of  an  un- 
•  derground  line  was  a  dif- 
ficult one,  on  account  of 
the  nature  of  the  ground, 
which,  for  the  must  part, 
is  soft  silt,  flooded  at  high 

tide.      A     subway    was 

therefore  constructed  by 
sinking  a  large  steel  tube 
of  suflScient  diameter  to  carry  all  the  steam  and  water  pipes 
with  the  steam-loop  returns,  and  allowing  ample  head  room 
for  inspection.  Y  branches  and  eccentric  reducers  are  freely 
used,  and  expansion  is  taken  care  of  by  copper  bends  at  the 
angles.  The  steel  subway  itself  is  used  as  a  hot-air  duct,  dis- 
tributing from  an  indirect  system  with  fan-blast  for  heating  the 
various  buildings.  High-pressure  steam  at  about  150  lbs.  is 
carried  through  the  entire  system.  The  return  system  at 
present  consists  of  6  separators  and  13  steam-loops,  all  entering 
into  one  common  4-in.  return,  which  lies  parallel  to  the  steam 
pipe  in  the  steel  tunnel  above  described. 

Lead  Pipe  Bored  by  a  Worm. — In  a  note  recently  pub- 
lished in  the  German  Sanitary  Engineer,  Hetr  K.  Hartmann 
gives  an  instance  of  a  lead  pipe  pierced  by  a  larva  of  the  wood 
wasp,  the  insect  being  actually  found  with  its  head  in  the  bole 
pierced  by  it.  A  workman  employed  by  the  fiim  of  Naruhn  & 
Petsch  was  called  in  to  repair  a  defective  pipe  which  had  been 
injured  on  a  previous  occasion,  as  was  reported,  by  a  "  nail- 
hole"  occurring  in  a  soldered  joint.  This  time  the  worm  caus- 
ing the  mischief  was  found  in  place.  The  hole  on  the  exterior 
of  the  pipe  was  of  a  rounded  form,  7  millimeters  long  by  4  mm. 
wide,  and  the  penetration  was  through  the  entire  thickness  of 
the  metal.  By  quotations  from  various  publications  it  is  shown 
that,  though  of  rare  occurrence,  well-authenticated  instances  of 
similar  injuries  by  insects  are  on  record. 

A  New  Gold-Colored  Alloy. — Herr  T.  Held  has  invented 
an  alloy  of  copper  and  antimony  in  the  proportion  of  100  to  6 
which  is  made  by  melting  the  copper,  and  when  at  the  right  heat 
adding  the  antimony  ;  and  when  both  are  melted  and  intimately 
mixed,  fluxing  the  mass  in  the  crucible,  with  an  addition  of 
wood-ashes,  magnesium  and  carbonate  of  lime,  which  has  the 
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effect  of  removing  porosity  and  increasing  the  density  of  the 
metal  when  cast.  The  alloy  can  be  rolled,  forged  and  soldered 
in  the  same  manner  as  gold,  which  it  very  closely  resembles 
when  polished,  the  gold  color  being  unchanged,  even  after  long 
exposure  to  ammonia  and  acid  vapors  in  the  atmosphere.  It  is 
also  much  stronger  than  gold.  The  cost  of  the  alloy  in  the  in- 
got is  about  25  cents  a  pound. — Dingier  s  Polytechnische  Journal. 

Copper  Production  of  the  World. — The  following  figures, 
compiled  in  Paris  and  published  in  the  Kevue  Scientifique,  give 
the  copper  production  of  the  world  for  12  years  past.  The 
several  columns  show  the  total  output,  and  that  of  the  three 
more  important  copper-producing  countries  : 


Year. 

Total 
Product. 

United 
States. 

Chili. 

Spain  and 
Portugal. 

1870 

Tons. 

151,963 
153,959 
163,369 

181,622 
199,406 
220,349 

•2S.592 
217,086 

333,078 
358,036 
361,650 
269,68s 

Tons. 

23,350 
25,010 

30,882 
40,470 

51.570 
64,700 
74,050 
69,805 
79,iog 
101,710 

>05,774 
1x6,335 

Tons. 

49,318 
43,916 

37,989 
43,909 
41,099 
41,648 
38,500 

35,o»5 

29,150 

3>.240 
24,250 
26,120 

Tons. 

33,361 

36,313 
39,«58 
39.560 
44,607 

1880 

1881 

1882 

i88* 

1884 

1885 

46,415 
47,873 

1886 

49,653 

1887 

53,706 

1888 

1889 

i8go 

56,450 
54,800 
52,333 

^     I 

^ii 


With  the  exception  of  two  years  the  total  output  has  shown 
a  steady  growth,  and  that  of  1890  shows  an  increase  of  77^  per 
cent,  over  1879.  The  product  of  the  Spanish  and  Portuguese 
mines  has  shown  a  steady  increase,  but  has  not  quite  kept  up 
with  the  total,  that  of  1890  showing  a  gain  of  56J  per  cent, 
only  over  1879,  The  Chilian  production  has  varied  consider- 
ably, but  in  the  opposite  direction,  1S90  exhibiting  a  loss  of  47 
per  cent,  from  1879.  In  the  smaller  copper-producing  coun- 
tries th«  industry  has  advanced  ;  taken  together  their  output 
in  1890  increased  62!  per  cent,  over  1879. 

The  great  increase  has  been  in  the  United  States,  which, 
with  the  exception  of  one  year,  has  shown  a  large  and  constant 
growth  in  this  respect.  So  great  has  this  been  that  the  output 
of  1890  shows  a  gain  of  398  per  cent,  over  that  of  1879.  This 
gain  is  further  shown  by  the  fact  that  in  1879  the  United  States 
furnished  15  per  cent,  of  the  total  supply  of  the  world  ;  in  1883, 
it  supplied  26  ;  in  1887I  it  had  35^  ;  and  in  1890  no  less  than 
43  per  cent.  Those  years  are  taken  periodically,  and  not  on 
account  of  any  exceptional  production. 

s;  The  consumption  of  copper  has  increased  in  about  the  same 
degree  as  the  production  ;  and  the  surplus  stocks  are  not  now 
proportionally  greater  than  they  were  12  years  ago. 

London-Paris  Telephone. — Since  March  last  a  telephone 
line  has  been  in  regular  operation  between  London  and  Paris. 
A  special  cable  was  laid  under  the  English  Channel  for  this 
line,  which  consists  of  the  land  line  from  Paris  to  Sangatte, 
near  Calais,  about  200  miles  ;  the  cable,  26^  miles,  and  the 
land  line  from  St.  Margaret  Bay,  near  Dover,  to  London, 
about  50  miles.  Between  the  central  stations  in  London  and 
Paris  conversation  is  easily  carried  on,  the  line  working  very 
well  ;  but  some  trouble  has  been  found  in  the  connections 
with  the  local  city  circuits,  and  there  are  no  private  telephones 
connected  as  yet. 

The  tariff  is  high,  the  charge  being  10  francs  in  Paris  or  8 
shillings  in  London — nearly  $2— for  the  use  of  the  line  for  a 
"  period  ;"  the  time  of  the  period  has  been  fixed  at  three 
minutes  only. 

Water  Power  and  Electric  Transmission. — The  Coeur 
d'Alene  Company,  of  Idaho,  have  under  construction  a  power 
plant,  which  considering  its  extent  and  the  variety  of  work  to 
be  operated,  will  be  one  of  the  most  important  installations  of 
a  mining  character  yet  made.  The  plant  is  located  on  Cafion 
Creek,  about  i^  miles  from  the  mill  and  mine  of  the  company, 
and  consist  of  two  225  H.  P.  Edison  generators  driven  by 
Pelton  wheels  running  under  690  ft.  head.  The  mill  machinery 
will  be  driven  by  an  80  H.  P.  motor  connected  direct  to  the 
main  shaft.  The  compressor  will  be  driven  by  a  60  H.  P. 
wheel  connected  to  the  fly-wheel.  The  hoisting  machinery 
will  also  be  run  by  a  60  H.  P.  Pelton  wheel  geared  direct  to 
present  driving  shaft.  The  pump  situated  on  the  500-ft.  level 
will  be  driven  by  an  80  H.  P.  Pelton  wheel  directly  geared. 
The  entire  plant  has  been  planned  to  connect  with  the  machinery 
already  in  use  and  now  operated  by  steam.     It  is  expected 


that  the  operating  expenses  of  the  company  will  be  reduced  fully 
50  per  cent.,  when  the  new  power  station  is  in  running  order. 
— Industry,  San  Fraruisco. 

A  Tall  Chimney. — The  accompanying  illustrations,  from 
Le  Genie  Civil,  show  one  of  the  tallest  chimneys  in  the  world, 
its  height  being  exceeded  only  by  six  others  now  in  existence. 
It  is  a  central  chimney  prcvided  for  the  forges  at  the  Naval 
Steel  Works,  at  St.  Chamond,  France.  This  chimney  has  the 
advantage  of  being  founded  upon  a  rocky  base  which  is  there 
found  at  only  a  short  distance  below  the  surface.  Its  height 
above  the  surface  of  the  ground  is  100  m.  (328  ft.).  The  general 
design  and  the  division  into  sections  are  shown  in  the  illustra- 
tions in  which  the  dimensions  are  given  in  meters.     Fig.  i  is  an 


elevation  ;  fig.  2  a  section  ;  fig.  3  a  cross-section  on  the  line 
A  B,  fig.  I  ;  fig.  4  is  a  plan  of  the  foundation,  and  fig.  5  a  plan 
of  the  top  or  coping.  Figs.  3,  4  and  5  are  on  a  larger  scale 
than  figs,  i  and  2.  ^  The  chimney  is  octagonal  in  shape,  as 
shown  in  the  drawings.  The  general  dimensions  are  as  fol- 
lows :  Height  from  the  surface  of  the  ground  100  m.  (328  ft.) ; 
exterior  diameter  at  the  base  7.40  m.  (24.27  ft.)  ;  at  the  summit 
3.25  m.  (10.06  ft.)  ;  interior  diameter  at  the  base  5.15  m.  (16.89 
ft.)  ;  at  the  summit  2.70  m.  (8  86  ft.) ;  thickness  of  wall  at  the 
base  1. 125  m.  (3.69  ft.)  ;  at  the  summit  0.325  m.  (1.06  ft.).  The 
ratio  of  the  diameter  to  the  height  is  i  to  135.  The  calculated 
stability  for  the  highest  wind  pressure  which  can  be  expected  in 
that  region  is  2.20,  the  normal  stability  just  sufficient  to  resist 
the  wind  being  assumed  at  i.  This  chimney  has  been  built 
with  great  care  as  to  material  and  construction,  and  is  certainly 
very  graceful  in  its  proportions. 
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NEW  YORK,  AUGUST,  1891. 


The  Council  of  the  Royal  Society  of  Arts  has  been  con- 
stituted a  Commission  by  the  British  Government  to  repre- 
sent it  and  to  looic  after  the  interests  of  British  exhibitors 
at  the  Columbian  Exhibition  in  Chicago.  The  Prince  of 
Wales  is  Honorary  President  of  this  Commission  ;  its 
Chairman  is  Sir  Richard  Webster,  and  its  Secretary  Sir 
Henry  Wood.  There  are  36  members,  prominent  among 
whom  are  Mr.  James  Dredge,  Editor  of  Engineering,  and 
Sir  Philip  Cunliffe  Owen,  both  well  known  in  the  United 
States. 

The  Massachusetts  Company  of  the  Naval  Reserve  or 
militia  had  a  term  of  practical  drill  during  the  visit  of  the 
Squadron  of  Evolution  to  Boston  in  July.  The  men  were 
exercised  on  board  ship  and  at  the  guns,  receiving  a  short 
but  strict  tour  of  instruction. 

The  New  York  Naval  Militia  has  been  completely  organ- 
ized. As  mustered  into  the  State  service,  the  battalion 
numbered  201  men,  under  command  of  Lieutenant-Com- 
mander Jacob  W.  Miller,  Lieutenants  S.  D.  Greene, 
W.  B.  Duncan,  Jr.,  L.  Mowbray,  and  L.  M.  Forshew.  A 
period  of  sea  drill  was  had  on  the  squadron  evolution,  in 
the  third  week  in  July. 

A  battalion  of  naval  militia  will  probably  be  organized 
at  Norfolk,  Va.  A  movement  for  enlistment  has  been 
started  there  and  is  in  excellent  hands.  Norfolk  presents 
many  advantages  as  headquarters  of  a  battalion. 


^  Some  additional  trials  have  lately  been  made  at  An- 
napolis with  comparatively  light  plates  treated  by  the  Har- 
vey process.  These  plates  are  of  3-in.  steel  ;  the  gun 
used  was  a  6-pdr.  Hotchkiss  cannon,  using  forged  steel 
projectiles,  and  giving  an  initial  velocity  of  about  1,800 
ft.  The  results  have  been  very  favorable,  the  plates  resist- 
ing successfully  all  the  shots  fired. 


Ax  interesting  competitive  test  of  heavy  rapid-fire  guns 
will  soon  be  begun  at  the  Army  proving  grounds  at  Sandy 
Hook,  New  York  Bay.     Three  guns  have  been  entered 


for  this  test,  one  American,  the  Hotchkiss  4.7  '"•  gun  ; 
one  French,  the  Canet  15-cm.  (5.9-in.),  and  one  English, 
the  Armstrong  4.72-in.  These  are  the  heaviest  rapid-fire 
guns  yet  brought  forward,  with  the  exception  of  the  Arm- 
strong 6-in.  gun,  which  has  lately  been  tried  in  England. 
The  Hotchkiss  and  the  Armstrong  guns  at  Sandy  Hook 
are  practically  of  the  same  caliber,  and  their  projectiles 
are  also  nearly  of  the  same  weight,  about  60  lbs.  The 
Canet  gun  is  over  an  inch  larger  in  caliber,  but  the  weight 
of  its  shot  is  not  very  much  greater.  The  Hotchkiss  and 
the  Canet  guns  will  use  French  smokeless  powder  ;  the 
Armstrong  gun  cordite  powder.  The  tests  will  include 
both  rapidity  and  accuracy  of  fire,  and  also  the  resistance 
of  the  guns  to  continued  use. 


The  great  125-ton  steam  hammer  at  the  Bethlehem  Iron 
Works — the  largestkin  the  world — has  been  completed, 
and  has  begun  its  work  of  making  heaxy  forgings  for  guns 
and  armor  plates.  The  size  of  this  hammer  may  be  esti- 
mated from  a  few  figures.  The  pit  for  the  foundation  was 
58  X  62  ft.,  and  the  foundation  walls  are  30  ft.  in  height. 
The  anvil,  which  is  entirely  distinct  from  the  hammer,  is 
built  up  on  a  foundation  of  stone  and  timber,  and  has 
some  1,800  tons  of  iron  in  it.  The  top  of  the  hammer  is 
90  ft.  above  the  floor  of  the  shop  ;  the  steam  cylinder  is  6 
ft.  4  in.  in  diameter  and  16  ft.  6  in.  stroke.  The  piston- 
rod  is  of  steel  and  is  16  in.  in  diameter  and  40  ft.  long. 
The  hammer-head  is  of  cast  iron,  the  block  being  \t^%  x 
10  X  4  ft.,  and  the  die  or  hammer  face  is  of  steel.  The 
weight  of  the  working  parts,  by  which  the  hammer  is 
rated,  is  125  tons  altogether,  and  the  full  force  of  the  blow 
given  by  this  weight  of  metal  falling  i6j  ft.  may  be  esti- 
mated. 

The  hammer  stands  in  a  building  erected  purposely  to 
hold  it,  and  is  provided  with  cranes  and  other  appliances 
for  handling  the  enormous  ingots  which  will  be  forged  into 
shape  under  it.  The  Bethlehem  Company  has  certainly 
shown  great  enterprise  in  undertaking  the  establishment 
of  the  great  plant  for  armor  and  gun  forgings,  which  it  has 
now  nearly  completed. 


The  Postmaster-General  has  issued  the  advertisements 
of  mail  lettings  for  ocean  service  under  the  Postal  Aid 
Bill  passed  by  the  last  Congress.  The  advertisements  call 
for  bids  for  mail  service  in  American  built  ships  from  a 
number  of  ports,  the  chief  lines  named  being  from  New- 
York,  Boston,  and  Baltimore  to  European  ports  ;  from 
New  York  and  Philadelphia  to  Buenos  Ayres  ;  from  Balti- 
more and  Norfolk  to  Brazilian  and  West  Indian  ports  ; 
from  Port  Tampa  to  La  Guayra  and  Santos  ;  from  New 
Orleans  and  Galveston  to  Colon  ;  from  New  York  to  San 
P  rancisco  via  Panama  ;  from  San  Francisco  to  South 
American  ports,  to  China,  Japan,  Australia,  and  New  Zea- 
land ;  from  New  Orleans  to  the  principal  ports  on  the 
Spanish  Main  ;  a  number  of  lesser  routes  are  also  in- 
cluded. 

A  number  of  the  lines  advertised  are  already  in  exist- 
ence, but  a  number  proposed  are  entirely  new.  The  law 
provides  a  rate  of  *4  per  mile  for  first-class  service — that 
is,  in  2o-knot  steamers  of  not  less  than  8,000  tons  ;  for 
second-class  service — in  i6-knot  ships  of  5,000  tons  or 
over — 12  per  mile  ;  for  third-class — 14-knot  vessels  of 
2,500  tons  or  over— $1  per  mile  ;  and  for  fourth-class— 
i2-knot  ships  of  1,500  tops— 66?  cents  per  mile. 
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To  meet  the  first-class  standard,  a  number  of  new  vessels 
will  have  to  be  built,  and  three  years'  time  will  be  allowed 
to  fill  the  conditions.  Vessels  approved  for  mail  service 
under  this  law  must  be  owned  and  built  in  this  country, 
must  be  officered  by  American  citizens,  and  must  be  adapt- 
ed for  use  as  cruisers  in  case  of  war,  in  the  higher 
classes  ;  the  lower  classes  of  ships  not  fitted  for  cruisers 
to  be  subject  to  use  as  transports,  if  needed. 

Contracts  are  to  be  made  for  10  years,  and  the  date  for 
opening  bids  is  October  26  next. 


The  formation  of  a  lake  of  considerable  extent  though 
of  no  very  great  depth  is  reported  m  the  Colorado  Desert, 
the  nearest  point  of  settlement  being  Salton  Station,  on  the 
Southern  Pacific  Railroad.  The  lake  has  grown  gradu- 
ally and  steadily  for  some  time,  but  no  damage  has  been 
done,  as  the  country  is  entirely  without  settlers.  It  has  its 
origin  in  an  overflow  of  the  Colorado  River  into  the  great 
desert  basin,  most  of  which  is  considerably  below  the  level 
of  the  sea,  and  which  was  undoubtedly  at  one  time  con- 
nected with  the  Gulf  of  California. 


ENGLISH  AND  AMERICAN  LOCOMOTIVES. 


It  should  be  mentioned  at  the  beginning  of  this  article, 
that  it  is  merely  a  sort  of  reconnoissance  of  the  position 
of  the  Engineer  on  this  subject.  Several  months  ago  we 
promised  our  readers  and  our  contemporary  that  we 
would  collect. and  publish  some  statistics  relating  to  the 
performance  of  American  locomotives.  As  was  intimated 
at  that  time,  data  which  will  enable  us  to  make  compari- 
sons of  the  performance  of  American  locomotives  with 
that  of  their  English  contemporaries,  which  will  have 
any  value,  are  not  easy  to  obtain.  Many  of  our  railroad 
companies  do  not  keep  any  account  of  the  consumption 
of  fuel  of  their  locomotives,  and  some  of  those  which  do 
give  no  reports  of  loads  hauled.  Besides  this  difficulty, 
the  forms  and  methods  of  keeping  these  reports  vary  a 
great  deal  on  different  roads.  From  some  of  them  we 
have  received  most  elaborate  reports,  printed  on  several 
large  sheets  19  x  36  in.  in  size,  on  which  statistical 
information  is  given  in  the  utmost  detail.  Other  reports 
are  printed  on  the  back  of  a  postal-card,  and  consequently 
the  information  given  is  very  meager.  Even  when  the 
records  contain  data  which  is  needed  it  must  usually  be 
carefully  analyzed  and  tabulated  before  any  comparisons 
can  be  made  or  reliable  conclusions  drawn  therefrom. 

To  be  able  to  compare  the  performance  of  locomotives 
here  and  in  a  foreign  country,  it  seems  to  be  essential  to 
know  : 

1st.  The  average  number  of  miles  which  such  machines 
run  in  a  given  time  here  and  there. 

2d.  The  average  loads  hauled. 

3d.  The  amount  of  fuel  consumed  per  mile  run. 

4th.  The  cost  of  repairs  per  mile  run. 

5th.  The  other  running  expenses,  including  oil  and 
waste,  wages  of  locomotive  runners  and  firemen,  cleaning 
engines,  etc. 

While  this  information  cannot  be  obtained  from  all  our 
companies,  yet  many  of  them  can  furnish  such  data,  and, 
from  what  we  regard  as  reliable  sources,  we  have  collected 
the  items  of  information  referred  to  ^bovc  concerning  the 


performance  of  from  7,000  to  10,000  locomotives  in  differ- 
ent parts  of  this  country. 

In  the  Engineer  of  November  7  of  last  year  an  elaborate 
table  was  published  in  which  information  was  given  with 
reference  to  the  mileage,  fuel  consumption,  cost  of  repairs 
and  "  cost  of  working"  of  locomotives  in  the  United  King- 
dom. It  was  not  stated  what  was  included  under  the  head 
of  *'  cost  of  working,"  and  the  train  loads  were  not  given, 
although  the  traffic  receipts  per  train  mile  were.  Therein 
lies  our  difficulty,  and  we  ask  the  aid  of  our  contemporary 
to  help  us  out  of  it.  If  there  is  any  way  of  ascertaining 
the  average  weight  of  the  trains  hauled  by  British  en- 
gines, it  would  make  it  possible  to  compare  the  perform- 
ance of  locomotives  here  and  there.  Without  such  in- 
formation it  is  not  comparable. 

In  a  report  made  to  the  British  Board  of  Trade  in  1887 
it  is  said  that  "  passenger  mileage  and  ton  mileage  are 
not  required  to  be  shown  in  the  returns  annually  made  by 
the  companies  under  Act  of  Parliament."  As  we  have 
not  been  able  to  find  such  data  in  any  of  the  Board  of 
Trade  or  other  reports  to  Parliament  which  are  accessible 
to  us,  we  infer  that  such  statistics  are  not  kept,  or  are  not 
published  by  English  railway  companies.  In  the  absence 
of  such  data  the  average  train  loads  could  be  calculated 
approximately  from  the  traffic  receipts  if  the  average  rates 
per  ton  per  mile  for  carrying  goods  was  known.  Although 
it  may  not  be  possible  to  ascertain  what  the  average  rate 
is,  it  should  be  practicable  to  fix  some  maximum  and  min- 
imum limits  for  the  average  rates.  In  a  "  Return"  by 
the  Railway  Companies  in  the  United  Kingdom  to  the 
House  of  Commons  showing  the  Rates  charged  for  the 
carriage  of  various  articles,  dated  February  i,  1887,  we  find 
very  few  rates  less  than  a  penny  a  mile,  and  nearly  all  are 
more — some  of  them  very  much  more.  Our  inference  is 
that  \d.  per  ton  per  mile  would  be  a  very  low  estimate  of 
the  average  railway  rate  for  carrying  goods  on  British 
roads.  As  the  average  traffic  receipts  per  goods  train 
mile  is  given  by  the  Engineer  as  $s.  lo.oSd.  on  all  the  roads 
of  the  United  Kingdom,  if  the  average  rate  is  not  less  than 
id.  per  ton  per  mile  the  average  paying  load  cannot  exceed 
70.08  tons.  If  the  dead-weight  of  the  cars  or  wagons 
is  equal  to  the  paying  load,  the  average  weight  of  the 
trains  exclusive  of  the  engine  and  tender  would  not  exceed 
140.16  tons.  If  the  dead-weight  is  twice  the  paying  load, 
the  trains  would  weigh  210.24  tons,  but  would  not  exceed 
that  amount.     Can  the  Engineer  throw  any  light  on  this  ? 

In  a  recent  review  of  "  The  Railways  and  the  Traders  ; 
a  Sketch  of  the  Railway  Rates  Question  in  Theory  and 
Practice,"  by  W.  M.  Acworth,  it  is  said  that  "in  this 
country"  (presumably  Great  Britain)  "300,000,000  tons 
were  carried  in  1889  for  £40,000,000  sterling,  or  at  an 
average  cost  of  2s.  Stf.  per  ton."  There  is  no  means  of 
arriving  at  the  average  distance  each  ton  was  carried, 
Mr.  Acworth  (Chapter  IX.)  puts  it  at  25^  miles,  which 
brings  the  cost  to  i^^d.  per  mile. 

It  ought  to  be  possible  to  know  with  more  or  less  definite- 
ness  whether  the  average  rate  for  carrying  goods  in  the 
United  Kingdom  is  less  than  a  penny  per  ton  per  mile,  or 
more  than  twopence.  Is  the  average  rate  less  than  a  penny 
per  mile  or  more  than  twopence,  and  is  the  dead-weight 
of  cars  on  British  roads  more  or  less  than  the  paying 
weight  of  goods,  and  what  expenses  are  included  under 
"cost  of  working"?  The  Engineer  must  have  sources 
of  information  with  reference  to  these  points  which  are  not 
accessible  to  us,  and  if  these  questions  were  answered  it 
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would  help  very  much  to  clarify  the  discussion  of  this  sub- 
ject, which,  it  must  be  admitted,  has  at  times  been  some- 
what turbid. 

^ 

THE  DANGER  FROM  LOCOMOTIVE  CHECK- 
VALVES. 


One  of  the  most  horrible  in  all  the  dreadful  record  of 
railroad  accidents  occurred  on  the  Colorado  Midland  Rail- 
road, at  Aspen  Junction,  Col.,  on  July  ii.  The  daily 
papers  publish  the  following  report  of  it : 

A  party  of  Midland  officials  hare  made  a  preliminary  investi- 
gation of  the  accident  and  its  causes.  Their  report  of  the  affair 
differs  materially  from  that  first  given  out.     It  is  as  follows  : 

A  freight-train  was  standing  on  a  side-track  alongside  the 
main  ready  to  be  pulled  out  by  Engineer  Sheperd  with  the  en- 
gine which  was  coming  out  of  the  roundhouse.  The  switchman 
had  thrown  the  switch  for  the  light  engine  when  he  noticed  the 
excursion  train  backing  down  from  the  tank.  He  immediately 
signaled  both  trains  to  stop,  which  they  did.  He  then  signaled 
the  light  engine  to  back  up,  and  the  brakeman  on  the  rear  end 
of  the  passenger  train,  which  had  been  backing  up,  also  took  the 
order.  The  result  was  a  "cornering"  of  the  coach  and  the 
engine  at  the  switch,  the  window  of  the  compartment  coach  tak- 
ing off  the  check-valve  as  before  stated.  The  light  engine  im- 
mediately stopped,  and  the  opening  in  the  boiler  made  by  the  loss 
of  the  valve  being  directly  opposite  an  open  window  in  the  com- 
partment of  the  coach  which  contained  all  the  passengers  except 
the  three  colored  men,  belched  forth  its  awful  death-dealing 
vapor.  All  the  other  windows  and  doors  of  the  car  were 
closed,  hence  the  compartment  took  on  the  nature  of  a  steam 
chest.  The  pressure  of  the  steam  in  the  close  compartment 
was  so  great  that  when  a  door  was  finally  knocked  open  from 
without,  the  liberated  steam  threw  the  rescuer  violently  on  his 
back.  The  nature  of  the  accident  is  such  that  it  is  a  wonder 
that  any  of  the  occupants  of  the  coach  are  living.  Joseph 
Leonard's  flesh  was  so  thoroughly  parboiled  that  when  he  at- 
tempted to  knock  out  a  window  with  his  hand  his  flesh  stuck  to 
the  glass. 

On  the  1 3th  it  was  announced  that  the  eighth  victim  had 
died,  and  that  four  others  cannot  survive.  A  faint  idea 
may  be  formed  of  the  inexpressible  and  inconceivable  hor- 
ror of  this  accident  on  reading  that  one  of  the  victims  had 
not  a  particle  of  skin  on  her  hips,  and  of  another  that  the  skin 
was  almost  entirely  scalded  from  his  face  and  shoulders. 

Accidents  of  this  kind  have  occurred  before.  It  will  be 
remembered  by  some  of  our  readers  that  in  i88o,  in  a 
collision  on  the  Pennsylvania  Railroad,  just  east  of  Titts- 
burgh,  a  large  number  of  people  were  scalded  to  death 
from  exactly  the  same  cause.  A  local  train  was  stand- 
ing at  a  station  and  a  following  train  ran  into  it.  The 
colliding  engine  telescoped  the  rear  car  of  the  front  train, 
and  in  doing  so  knocked  off  the  check-valve  case,  and  the 
hot  water  and  steam  were  discharged  from  the  boiler  into 
a  crowded  car.  The  scalding  of  passengers  in  the  May's 
Landing  accident  on  the  West  Jersey  &  Atlantic  Railroad, 
also  in  i88o,  was  probably  due  to  the  same  cause.  On 
the  Cincinnati,  Hamilton  &  Dayton  road  another  accident 
occurred,  in  i88o,  in  which  a  number  of  people  were 
scalded,  but  it  was  owing  to  a  blower-cock  being  broken  off. 

If  such  occurrences  could  not  be  prevented  they  would 
be  the  occasion  for  the  exercise  only  of  fortitude  and  res- 
ignation on  the  part  of  the  sufferers  and  their  friends,  and 
of  sympathy  by  those  who  contemplate  the  afiflietion  of  the 
victims.  But  if  they  can  be  prevented  they  should  be  a 
powerful  stimulus  to  every  railroad  officer  in  the  land  to 
seek  for  remedies  which  will  prevent  similar  disasters  in 
future.  There  is  no  excuse  either  for  the  non-exercise  of 
vigilance  and  energy  for  the  prevention  of  this  class  of 
accident!,  because  preventative  means  are  within  easy 
reach.  As  the  danger  is  due  to  the  exposed  position  of  the 
check-valves,  the  thing  to  do  is  to  remove  them  to  safer 
positions.     This  can  readily  be  done   by  placing  the  in- 


jectors and  the  check-valves  on  the  back  end  of  the  boiler, 
and  running  the  feed-pipes  to  the  front  end  of  the  tubes 
inside — instead  of  outside— of  the  boiler.  This  is  a  gen- 
eral practice  in  England,  and  also  on  the  Canadian  Pacific 
Railroad,  of  which  an  illustration  was  published  in  the 
Journal  of  August,  i888,  and  may  be  found  in  the  new 
edition  of  the  Catechism  of  the  Locomotive,  page  235. 

Another  method  is  the  use  of  %  safety  check-valve  ;  that 
is,  one  with  the  valve  inside  the  boiler,  so  that  if  the  case 
or  pipe  outside  is  broken  off,  the  valve  inside  will  close 
and  prevent  the  escape  of  steam  or  hot  water.  A  device 
of  this  kind  was  illustrated  in  the  Journal  last  month, 
and  another,  also  illustrated  and  described  in  the  new  edition 
of  the  Catechism  of  the  Locomotive,  is  the  invention  of  Mr. 
Hayward,  Superintendent  of  Machinery  of  the  Pennsyl- 
vania Railroad,  at  Jersey  City,  and  is  in  use  on  that  line. 
Any  of  these  would  have  prevented  the  lamentable  accident 
which  occurred  at  Aspen  Junction  a  short  time  ago,  and 
that  which  happened  near  Pittsburgh  in  1880,  and  if  adopt- 
ed now  would  doubtless  prevent  other  equally  dreadful 
calamities  in  the  future.  It  is  to  be  feared,  though,  that  un- 
less legislative  pressure  is  exerted  on  them,  the  railroad 
companies  will  not  show  great  alacrity  in  adopting  such 
safeguards.  The  danger  seems  remote,  and  accidents  of 
this  kind  are  not  very  frequent,  and  are  rarely  or  never  re- 
peated in  the  same  place.  The  dreadful  lessons  which  they 
teach  are  soon  forgotten,  and  are  seldom  or  never  repeated 
to  the  same  people.  Indifference  is  so  easy,  and  vigilance 
so  difficult,  and  habit  so  hard  to  uproot.  Railroad  Com- 
missions are,  however,  created  for  the  purpose  of  stimulat- 
ing the  lagging  efforts  of  railroad  companies  in  just  such 
directions  as|this.  The  subject  is  respectfully  called  to  their 
attention.  A  circular  from  these  officials  to  the  managers 
of  railroads,  asking  what  measures  have  been  taken  to  guard 
against  such  accidents  as  that  which  occurred  at  Aspen 
Junction,  would  compel  the  managers  to  give  the  subject 
sufficient  thought  to  answer  the  inquiry,  and  that  would 
be  a  step  gained.  As  such  accidents  can  easily  be  prevent- 
ed, with  little  expense  to  railroad  companies,  at  least  all 
new  locomotives  which  are  built  hereafter  should  have 
adequate  safeguards  for  the  prevention  of  such  calamities 
in  future. 


NEW  PUBLICATIONS. 


Pantobiblion.  Inlernational  Bibliographical  Revie^u  of  th4 
World's  Scientific  Literature.  Edited  by  A.  Kersha,  C.E. 
Sl  Petersburg,  Russia. 

This  is  the  first  number  of  a  monthly  publication,  the  objecl 
of  which  is  to  help  technical  and  scientific  students  by  keeping 
them  informed  as  to  all  the  literature  of  interest  to  them  which 
may  be  published  from  time  to  lime.  It  will  aim  to  present  a 
classified  list  of  all  new  books  issued  in  civilized  countries  on 
scientific  subjects  ;  critical  notices  of  all  the  more  important 
works  which  may  appear  from  time  to  time  ;  a  review  of  cur- 
rent periodical  irterature,  and  finally  brief  notes  on  scientific 
topics. 

The  Editor  has  thus  laid  down  a  sufficiently  ambitious  pro- 
gramme, and  to  carry  it  out  will  require  hard  and  constant 
work.  To  follow  up  the  periodicals  alone,  one  would  suppose, 
would  be  a  sufficiently  serious  task.  For  the  first  number  some 
shortcomings  are  admitted,  chiefly  due,  it  is  said,  to  the  failure 
of  publishers  to  respond  promptly  to  requests  for  information, 
and  it  would  not  be  fair  to  criticise  the  opening  numt}er  too 
closely. 

For  European  publications  and  periodicals  M.  Kersha  has 


340 


THE    RAILROAD    AND 


[August,  1891. 


done  very  well,  but  his  American  list  is  very  defective.     This, 
however,  may  be  remedied  in  future  numbers. 

The  classification  and  arrangement  are  good,  and  a  regular 
reader  will  soon  learn  to  turn  at  once  to  the  subject  which  in- 
terests him.  The  remarks  on  each  book  or  journal  and  the  crit- 
icisms of  those]  books  which  are  noticed  are  given  in  the 
language  in  which  the  book  itself  is  printed,  so  that  a  page  of 
French  may  be  followed  by  one  of  German,  that  again  by  one 
of  English  or  Spantsh,  and  one  must  be  a  linguist  of  some 
ability  to  read  steadily.  The  book,  however,  maybe  of  consid- 
erable value  to  students  and  readers. 


The  Official  Railway  List.  A  Handbook  of  Useful  Infor- 
mation for  Railway  Men.  Tenth  Year,  i8gi.  Walter  D. 
Crosman,  Editor.  (Chicago  ;  the  Railway  Purchasing  Agent 
Company,  No.  816,  the  Rookery.) 

This  is  the  tenth  number  of  a  very  useful  work.  It  is  a 
directory  of  railroad  officers  in  the  United  States,  including  not 
only  the  general  officers,  but  also  those  of  the  operating,  traffic, 
maintenance  of  way,  motive  power,  and  car  departments.  The 
value  of  such  a  book  is,  of  course,  in  its  reliability  ;  and  long 
experience  with  the  Official  List  as  a  desk  companion  has 
proved  that  the  editor  and  publisher  take  much  pains  with  their 
work,  and  that  the  yearly  volumes  are  kept  well  corrected  up  to 
the  date  of  their  publication. 

The  book  may  be  said  to  serve  also  as  a  directory  of  dealers 
in  and  manufacturers  of  railroad  supplies,  since  those  classes 
of  business  men  have  become  so  accustomed  to  advertising  in 
its  yearly  issues  that  the  list  of  those  who  are  absent  is  not  a 
long  one. 

Retaining  Walls  for  Earth.  Including  the  Theory  of  Earth- 
Pressure  as  Developed  from  the  Ellipse  of  Stress.  By  Mal- 
verd  A.  Howe,  Professor  of  Civil  Engineering,  Rose  Poly- 
technic Institute.  ^(John  Wiley  &  Sons,  New  York  ;  price, 
$1.25.) 

This  is  the  second  edition  of  Professor  Howe's  book,  the  first 
having  come  already  to  bs  considered  a  standard  work.  The 
first  edition  was  based  upon  the  theory  of  Weyrauch,  but  in  the 
present  one  new  and  shorter  demonstrations  have  been  pre- 
sented. These  give  the  same  results,  but  are,  it  is  believed, 
more  direct  and  simple.  To  permit  comparisons,  however, 
Weyrauch's  demonstrations  are  given  in  an  appendix. 

An  addition  made  in  the  present  edition  is  a  chapter  on  the 
supporting  power  of  earth  in  the  case  of  foundations  ;  another 
is  a  formula  for  determining  the  breadth  of  the  base  of  a  re- 
taining wall.  Both  of  these  will  be  useful  to  engineers  in  many 
cases. 

Professor  Howe  has  treated  his  subject  as  briefly  as  possible, 
giving  the  formulas  first  in  a  condensed  form  by  themselves, 
and  then  following  with  examples  illustrating  their  application. 
Tables  of  strength  and  weight  of  various  kinds  of  stone,  of  co- 
eflBcients  of  friction,  and  of  other  co-efficients  used  in  the  for- 
mulas are  appended. 

The  book  is  a  useful  one  both  for  students  and  for  engineers 
in  practice,  and  requires  little  criticism.  The  diagrams  and 
illustrations  are  generally  good,  although  some  of  them  would 
have  been  clearer  had  they  been  made  on  a  larger  scale. 

Combustion  in  the  Fire-box.  By  Ira  D.  Stocking.  Troy, 
Kansas. 

This  is  a  small  pamphlet  of  eight  pages,  of  which  the  author 
says,  "  you  will  see  some  ideas  that  has  never  been  advansed, 
if  so  I  never  have  sene  them,  in  the  artickle  I  no  doubt  have 
used  the  Languge  of  others  in  expressing  myself,  but  could  it 
be  otherwise,  as  we  all  must  Learn  from  others." 

A  few  quotations  will  give  an  idea  of  the  character  of  this 
"  artickle."     The  author  says  : 

As  all  subjects  must  have  a  foundation,  or  u  starring  point, 


for  the  benefit  of  listeners  who  are  supposed  to  be  students  on 
this  occasion,  our  first  lesson  will  be  in  the  elementary  depart- 
ment of  chemistry,  its  action  in  the  fire-box  to  assist  in  the  pro- 
ducing of  steam  and  to  make  a  beginning  of  this  subject  we  must 
understand  some  of  Nature's  laws,  which  is  both  proper  and 
right.  If  it  is  no  crime  to  understand  the  chemical  properties 
of  the  vegetables  we  eat,  what  can  be  the  objections  of  under- 
standing the  chemical  properties  of  the  atmosphere  we  breathe. 

But  science  has  scarcely  reached  the  primary  department  of 
this,  as  well  as  numerous  other  subjects  and  consequently  it 
cannot  be  expected. 

Fathom  only  the  shoals  of  such  a  boundless  problem.  But 
science,  in  its  infancy,  is  driving  before  it  the  fog  of  prejudice 
and  superstition  from  the  fields  of  thought  and  securing  to  itself 
the  right  to  explore,  without  limit  to  its  boundless  magnitude. 

And  now  I  will  return  to  my  subject  again.  Air  and  atmos- 
phere is  the  two  first  principles  in  Nature,  but  are  two  distinct 
elements,  but  their  relations  are  such,  in  the  developing  of  Na- 
ture, as  to  be  indispensable  to  each  other,  as  it  cannot  act  as  an 
invigorator  in  the  developing  of  vegetable  or  animal  life  for 
want  of  the  vital  fluids  and  gasses,  but  when  combined  readily 
fill  all  these  requirements.  Air  in  its  original  condition  is  not 
transparent,  as  is  the  general  supposition,  as  it  is  void  of  a  pris- 
matic vapor.  But  before  further  proceedure  with  this  subject  I 
shall  be  obliged  to  use  the  term  compound  a  great  many  times, 
it  may  be  well  enough  to  give  its  meaning  a  little  attention, 
what  is  meant  by  a  compound  is  the  mixing  of  any  number  of 
matters,  either  fluids  or  gasses  or  chemicals  together  in  one 
mass.  So  when  we  mix  air  and  atmosphere  together  we  have  a 
simple  compound,  but  by  this  compound  we  have  found  a  pris- 
matic vapor  and  this  compound  of  air  is  supposed  to  exist  only 
45  miles  above  the  earth,  and  above  this  point  all  is  darkness, 
as  this  prismatic  vapor  is  the  true  origin  of  both  light  and  heat. 

The  author  is  right ;  his  "  artickle"  does  contain  "  some  ideas 
that  has  never  been  advansed,"  at  least  we  have  never  "  sene" 
them  before. 

Cornell  University  :  Her  General  and  Technical 
Courses.  By  Frank  C.  Perkins.  (John  Wiley  &  Sons, 
New  York  ;  price,  $1.50.) 

The  reason  for  this  book  is  not  very  apparent.  It  contains  a 
brief  account  of  the  origin  of  Cornell  University,  which  is  fol- 
lowed by  condensed  descriptions  of  the  different  departments, 
written  apparently  to  measure,  since  each  occupies  exactly  a 
page,  while  the  opposite  page  is  taken  up  by  an  engraving 
showing  the  building  devoted  to  the  department,  with  a  portrait 
of  the  professor  in  charge.  There  is  an  undue  proportion  of 
advertising— just  one-third  of  the  pages  being  given  up  to,  ad- 
vertisements. We  do  not  by  any  means  wish  to  depreciate 
advertising  or  detract  from  its  value  ;  but  in  a  book  intended 
for  permanent  preservation,  so  large  a  proportion  seems  out  of 
place.  The  engravings  will  doubtless  be  valued  by  graduates 
of  the  University  ;  but  beyond  the  pictures  there  is  really  noth- 
ing in  it  which  cannot  be  found  in  a  somewhat  different — and 
probably  more  complete— form  in  the  yearly  catalogue  of  the 
University. 

One  thing  must  be  said  of  the  book,  however— that  the 
mechanical  execution  is  very  good.  It  is  well  done  ;  and  the 
printers — the  Matthews-Northrup  Company,  of  Buffalo — have 
obtained  better  results  from  the  half-tone  cuts  than  it  is  always 
possible  to  secure. 

Beeson's  Sailors'  Handbook  and  Inland  Marine  Guide  : 
1891.  By  Harvey  C.  Beeson,  late  Marine  Clerk  of  the  Port 
of  Detroit.     (H.  C.  Beeson,  Detroit,  Mich.  ;  price,  $1.) 

This  handbook  must  be  almost  indispensable  for  lake  ship- 
pers and  navigators.    It  contains  lists  of  all  the  American  steam 
and  sail  vessels  on  the  Northwestern  Lakes  ;  tables  of  sailing 
I  distances  between  lake  ports  ;  names  of  harbor-masters,  port 
,   and  customs  officers  ;  lists  of  light-houses,  beacons,  etc.  ;  rules 
of  the  road  ;  rules  for  pilots,  and  much  other  useful  informa- 
tion, besides  a  variety  of  articles  on  ships  and  shipping  and  on 
maritime  law  and  recent  decisions.     In  a  word,  it  may  be  said 
to  be  an  almost  complete  compendium  of  information  of  the 
kind   which  a  shipper  or  captain   needs,  arranged   in   a  con- 
^  vcnient  way  and  given  in  a  condensed  fornn,    The  labor  of  pre- 
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paring  such  a  book  is  not  small,  and  the  author  deserves  credit 
for  the  care  with  which  it  has  evidently  been  done. 


II.   M.  S.  "Victory:    Her    History    and    Construction. 

ll^ith  Special  Reference  to  the  Reproduction  of  the  Ship  at  the 

Royal  N^aval  Exhibition.     By  Captain    C.    Orde    Browne, 

R.A.,  and  Assistant  Constructor  H,  J.  Webb,   R.   N.  {The 

Engineer,  London,  England). 

This  is  a  descriptive  and  historical  account,  reprinted  from 
the  columns  of  The  Engineer,  qf  the  famous  old  Victory,  which 
in  its  prime  was  Lord  Nelson's  flagship,  and  took  a  prominent 
part  in  many  famous  naval  battles.  The  historical  part  is,  of 
course,  very  interesting  ;  and  the  fully  illustrated  description 
of  the  ship  is  still  more  so,  as  a  study  of  what  was  the  best 
naval  practice  a  century  ago. 

The  contrast  between  the  Victory  and  a  modern  war-ship  is 
well  shown  by  her  armament.  She  was  launched  in  1765,  and 
when  she  first  went  into  commission  carried  104  guns,  as  fol- 
lows :  Lower  deck,  30  long  32-pdrs.  ;  middle  deck,  30  long 
24-pdrs  ;  main  deck,  32  long  12-pdrs  ;  upper  deck,  12  short 
12-pdrs.  The  "  long  32s"  were  the  heaviest  navy  guns  of  that 
day,  and  weighed  56  cwt.  each  ;  rather  a  contrast  to  the  no-ton 
guns  of  the  Benbow  or  the  Anson. 

The  care  with  which  the  Victory  has  been  preserved  and  the 
interest  with  which  she  is  regarded  Suggests  a  regret  that  some 
one  at  least  of  our  own  famous  ships  has  not  been  preserved  as 
an  example.  The  old  ships  which  first  made  the  reputation  of 
our  navy  are  gone  past  recovery  ;  but  we  still  haVe  the  Hart- 
ford, the  Kearsarge,  and  one  or  two  others  which  have  earned  a 
name  as  fighting  ships,  and  one  of  them  at  least  ought  to  be 
kept  for  future  generations  instead  of  being  broken  up  when 
her  usefulness  as  a  cruiser  is  over. 

This  monograph  on  the  Victory  is  of  interest  to  general  read- 
ers as  well  as  to  naval  men,  and  The  Engineer  has  done  them 
a  service  in  reprinting  it  in  a  form  convenient  for  reference. 


e.xperimental  investigations  by  the  state  board  of 
Health  of  Massachusetts  upon  the  Purification  of 
Sewage  and  the  Intermittent  Filtration  of  Water. 
Made  at  Lawrence,  Mass.,  i888-go.    (Boston  ;  State  Printers.) 

This  is  Part  II  of  the  Report  on  Water  Supply  and  Sewerage 
presented  by  the  Massachusetts  Board  of  Health.  Part  I 
treated  of  Water  Supplies  and  Inland  Waters.*  The  present 
volume  gives  the  result  of  a  long  series  of  tests  and  experiments 
made  under  the  direction  of  the  Board,  with  a  view  of  securing 
exact  data  ;  these  were  conducted  at  a  station  established  for 
the  purpose  on  the  Merrimack  River  near  Lawrence, 

The  principal  part  of  the  book  is  the  Report  on  Filtration  of 
Sewage  and  Water  and  Chemical  Precipitation  of  Sewage,  by 
Mr.  Hiram  F.  Mills,  a  member  of  the  Board,  who  had  special 
charge  of  this  work.  This  is  followed  by  a  report  on  the 
Chemical  Work  of  the  Station,  by  Dr.  Thomas  M.  Drown  and 
Allen  Hazen  ;  a  report  of  Experiments  on  Chemical  Precipita- 
tion of  Sewage  in  1S89,  by  Allen  Hazen  ;  a  report  of  the  Bio- 
logical Work  of  the  Station,  by  Dr.  W.  T.  Sedgwick  ;  and  lastly, 
investigations  upon  Nitrification  and  the  Nitrifying  Organism, 
by  E.  O.  Jordan  and  Ellen  H.  Richards.  The  work  is  illus- 
trated by  a  number  of  plates  and  diagrams,  and  is  provided 
with  an  excellent  index,  a  point  too  often  neglected  in  reports 
of  this  kind.  The  whole  forms  a  great  body  of  information  on 
the  subject  which  must  be  of  much  value  to  the  sanitary  en- 
gineer. 

With  the  modern  tendency  to  concentration  of  population  in 
towns  and  cities  the  questions  of  water  supply  and  the  disposal 
of  sewage  and  refuse  have  come  to  be  of  the  first  importance. 
Too  much  work  has  been  done  in  a  blind,  haphazard  way,  and 
the  value  of  systematic  investigations  like  those  undertaken  by 
the  Massachusetts  Board  can  hardly  be  overestimated.    Under- 

*  See  Journal  for  June,  1891,  page  344.  • 


taken  in  the  first  place  for  the  benefit  of  the  people  of  that  State 
— peculiarly  a  State  of  cities  and  large  towns— the  results  are 
applicable  and  useful  everywhere,  and  a  careful  study  of  this 
volume  will  be  well  repaid. 

Report  of  the  Board  of  Railroad  Commissioners  op 
THE  State  of  New  York  on  Strains  on  Railroad 
Bridges  of  the  State.  William  E.  Rogers,  Isaac  V. 
Baker,  Jr.,  Michael  Rickard,  Commissioners  ;  Charles  F. 
Stowell,  Bridge  Engineer.     (Albany,  N.  Y.;  State  Printers.) 

The  work  of  which  this  report  is  the  result  was  undertaken  by 
the  New  York  Railriad  Commission  in  1884,  when  it  had  be- 
come apparent  that  some  measures  were  necessary  to  secure  a 
proper  knowledge  of  the  strains  on  railroad  bridges  through' 
out  the  State,  and  of  the  ability  of  the  bridges  to  support  them. 
A  circular  was  then  issued  by  the  Board  requiring  railroad  com- 
panies to  submit  strain-sheets  of  their  bridges,  and  when  these 
were  received  they  were  submitted  to  the  inspection  of  Mr. 
Stowell  as  Engineer. 

As  there  are  about  2,500  railroad  bridges  in  the  State,  the 
work  to  be  done  was  very  great,  and  it  is  not  at  all  strange  that 
several  years  have  been  occupied  in  doing  it.  That  it  has  been 
thoroughly  done  the  volume  before  us  is  evidence,  containing 
as  it  does  1,876  pages  closely  -filled  with  diagrams  and  tables. 

The  effect  of  this  examination  has  been  excellent,  as  is  shown 
by  the  following  paragraph  from  the  preface  : 

The  result  has  been  that  managers  found  weak  places  in 
many  of  their  bridges,  of  which  they  had  had  no  idea.  The 
mere  fact  that  a  strain-sheet  had  to  be  calculated  by  some  one 
competent  to  do  so  brought  to  their  attention  defects,  of  which 
they  might  have  remained  in  ignorance  until  awakened  by  a 
disastrous  accident.  In  many  cases  the  bridges  were  strength- 
ened before  the  drawings  and  strain-sheets  were  sent  to  the 
office  of  the  Board. 

The  Railroad  Commission  has  made  it  a  practice,  when  any 
defect  is  discovered,  to  notify  the  railroad  company  at  once  and 
require  the  bridge  to  be  rebuilt  or  strengthened.  There  can  be 
no  doubt  that  this  work  has  added  substantially  to  the  safety 
of  railroad  travel  in  the  State. 


Electricity  and  its  Recent  Applications.  By  Edward 
Trevert.  (The  D.  Van  Nostrand  Company,  New  York  ;  illus- 
trated, 350  pages ) 

This  is  intended  to  be  a  practical  book  for  students  and  for 
amateurs  rather  than  a  profound  scientific  treatise.  It  describes 
the  later  developments  in  electrical  work  in  a  way  which  can 
easily  be  understood  by  those  who  are  not  thoroughly  versed 
in  the  science,  and  has  more  especial  reference  to  the  prac- 
tical applications  of  electricity  than  to  any  theory  in  relation 
to  it. 

Among  the  subjects  treated  are  Batteries  ;  Dynamos  ;  Field 
Magnets  ;  Armatures  ;  Telegraph  and  Telephone  ;  Arc  Lights  ; 
Incandescent  Lights  ;  Motors  ;  Electric  Railroads  ;  Electric 
Mining  Apparatus  ;  Electric  Welding  ;  and  a  variety  of  others 
of  less  importance. 

An  appendix  contains  tables  of  electric  measurements  and  a 
dictionary  of  terms  used  by  electricians.  The  latter  will  be 
very  convenient,  especially  to  the  genera!  reader  who  wants  to 
acquire  some  knowledge  of  electrical  work,  and  to  this  class  the 
book  will  be  very  acceptable.  It  contains  much  information, 
conveyed  in  a  way  which  makes  it  possible  to  read  it  without 
having  any  extended  knowledge  of  scientific  electricity. 

The  book  is  fully  illustrated,  and  the  engravings  are  generally 
good,  though  a  few  have  been  admitted  which  are  not  up  to  the 
standard  of  the  books.  These  are  exceptions,  however,  and 
most  of  the  cuts  are  good.  The  book  will  be  found  very  useful 
for  those  who  wish  such  a  general  understanding  of  the  subject 
as  will  enable  them  to  speak  of  it  with  some  knowledge.  For 
students  also  it  is  an  excellent  work. 
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Geological  Survey  of  Nkw  Jersey.  Annual  Riport.  By 
John  C.  Smock,  State  Geologist.  Trenton,  N.  J.;  State 
Printers. 

The  work  so  well  begun  by  the  late  Professor  Cook  is  being 
steadily  carried  forward  to  completion  under  his  successor. 
The  Geological  Survey  proper  is  nearly  completed,  it  is  true, 
but  much  other  work  in  connection  withjt  is  still  to  be  done.  The 
special  reports  on  the  geology  of  the  northeastern  section  of  the 
State,  and  on  the  Iron  Mines,  are  among  the  subjects  treated 
in  the  present  volume.  j 

Two  important  studies  are  now  in  progress,  one  being  on  the 
Water  Supply  and  Water  Powers  of  the  State,  including  the 
kindred  subjects  of  Drainage  and  Artesian  Wells.  The  other 
is  the  preparation  of  maps  showing  the  structural  geology  and' 
the  nature  of  the  overlying  soils.  The  first  will  show  the  rock 
formations,  irrespective  of  the  surface  ;  the  second  will  be  prop- 
erly an  agricultural  map,  and  will  show  the  nature  of  the  soils, 
their  distribution,  the  outcrops,  etc. 

Special  reports  in  the  present  volume  are  on  the  Geodetic 
Survey  ;  on  the  Terrace  Formations  of  the  Atlantic  Coast  ;  on 
Water  Supply  and  Water  Power,  and  on  Drainage.  There  are 
also  valuable  papers  on  the  Iron  Mines  and  on  the  Limestone 
Formations  of  Sussex  County. 

The  Geological  Survey  of  New  Jersey  has  done  thorough  and 
excellent  work,  and  the  examination  of  water  supply  will  add 
to  the  value  which  its  studies  have  had  for  the  State.  It  has 
been  in  good  hands  from  the  beginning,  and  in  many  respects 
might  vrcU  serve  as  a  model  for  other  States.  Its  publications 
are  an  example  of  this  ;  and  almost  the  only  fault  that  can  be 
found  with  them  is  that  they  are  too  modest  in  their  statements, 
leaving  the  importance  of  the  work  accomplished  to  be  inferred 
rather  than  directly  slating  it.  , 


TRADE    CATALOGUES. 


Construction  and  Use  0/  Universal  and  Plain  Grinding  Machines, 
Cylindrical  and  Conical  Surfaces,  as  made  hy  the  Biown  &r' 
Sharpe  Manufacturing  Compnny,  Providence,  R.  I. 

This  book  contains  a  brief  general  introduction  on  grinding 
machinery  ;  an  illustrated  description  of  a  number  of  special 
machines  made  by  the  company,  and  finally  a  chapter  on  the 
care  and  use  of  the  tools  described.  This  makes  it  somewhat 
more  than  a  mere  catalogue,  for  it  contains  many  useful  hints 
and  much  information  that  will  be  of  value  to  the  foreman  and 
shop  owner. 

The  reputation  of  the  company  is  such  and  the  character  of 
the  tools  it  manufactures  is  so  generally  known  that  it  is  hardly 
necessary  to  speak  of  them  here,  except  to  say  that  the  list  con- 
tains a  number  of  machines  adapted  to  special  work  of  various 
kinds,  as  well  as  to  general  work. 


Jltwlings'  Directory  of  Steam   Specialities  and  Engineering  Ap- 
pliances.    Published  by  A.  J.  He^vlings,  Chicago. 

This  book  is  intended  to  give  as  complete  a  catalogue  of 
manufacturers  of  steam  specialties  as  can  be  compiled,  and  the 
publisher  has  collected  a  large  number  of  names  of  persons  en- 
gaged in  that  line  of  business.  There  are  also  a  large  number 
of  advertisements,  every  other  page  being  given  up  to  them,  so 
that  the  book  is  quite  convenient  for  reference  to  those  in  the 
trade,  or  to  those  who  have  occasion  to  buy  steam  fittings  and 
appliances,  as  almost  ever^  one  in  business  has  to  do  now. 


BOOKS    RECEIVED. 


the  Engineering  Association  of  the  South  last  year,  including 
an  illustrated  description  of  the  Louisville  &  Jeffersonville 
Bridge,  an  account  of  the  Natchez  Water  Works,  aod  several 
others. 

Report  on  the  Internal  Commerce  of  the  United  States  for  the 
Year  i8go.  Part  II  of  Commerce  and  N'avigation.  By  S.  G. 
Brock,  Chief  of  the  Bureau  of  Statistics,  Treasury  Department. 
Washington  ;  Government  Printing  Office. 

What  is  Forestry  ?  By  B.  E.  Fernow,  Chief  of  the  Division  of 
Forestry,  Department  of  Agriculture.  Washington  ;  Govern- 
ment Printing  Office. 

Washington  and  Lee  University  :  Catalogue^ iSqo-gl,  and  An- 
nouncements, i89i-q2.  Lexington,  Va.  ;  issued  by  the  Uni- 
versity. 

Report  of  the  Director  and  Treasurer  of  the  Michigan  Mining 
School.     Houghton,  Mich.  ;  issued  by  the  School. 

Reports  of  the  Consuls  of  the  United  States  to  the  Department 
of  State.  No.  128,  May,  1891.  Washington  ;  Government 
Printing  Office. 

Statistical  Abstract  of  the  United  States,  1890  ;  Thirteenth 
Number,  Finance,  Coinage,  Commerce,  Immigration,  Shipping, 
Postal  Service,  Railroads,  Agriculture,  etc.  Prepared  by  the 
Bureau  of  Statistics  under  the  direction  of  the  Secretary  of  the 
Treasury.     Washington  ;  Government  Printing  Office. 

Car  Lubrication.  By  W.  E.  Hall,  M.R.  New  York;  John 
Wiley  &  Sons  (price  $1).  This  book  is  received  too  late  for 
review  in  the  present  number.  \^ 

The  Haiokeye  :  Junior  Annual  of  the  Class  of  '92,  State  Uni- 
versity of  Io7oa.  Iowa  City,  Iowa  ;  published  by  the  Class. 
This  is  the  yearly  book  representing  the  Iowa  University  from 
the  students'  point  of  view,  and  gives  many  interesting  details 
concerning  that  institution. 

Catalogue  of  the  Pratt  Institute,  1891-92.  Brooklyn,  N.  Y.  ; 
published  by  the  Institute. 

Annual  Report  of  the  Bureau  of  Steam  Engineering  to  the  Sec- 
retary of  the  Navy.  George  W.  Melville,  Engineer-inChief, 
U.S.N.     Washington  ;  Government  Printing  Office. 


TECHNICAL   SCHOOLS. 


Engineering  Association  of  the  South  :  Selections  from  Papers 
Presented  during  the  First  Fiscal  Year,  November  21,  1 889,  to 
November  13,  1890.  Nashville,  Tenn.  ;  printed  for  the  Asso- 
ciation.    This  contains  the  more  important  papers  read  before 


That  there  is  a  growing  demand  for  technical  rather  than 
general  schools  is  shown  by  the  increase  in  the  number  of  stu- 
dents in  existing  technical  schools,  and  by  the  increase  also  in 
the  number  of  those  institutions  and  in  the  appliances  provided  ' 
by  them  for  the  studevt.  A  general  training  no  longer  suffices 
to  fit  the  student  for  work  ;  engineering  now  includes  so  wide 
a  range  of  work  that  it  is  necessarily  becoming  every  year 
more  subdivided  and  specialized,  and  some,  at  least,  of  the 
schools  are  recognizing  this  fact  and  making  their  arrangements 
accordingly,  as  is  shown  by  several  catalogues  and  other  docu- 
ments lately  received,  and  now  before  us. 

The  University  of  Illinois,  at  Champaign,  last  year  had  184 
students  in  the  engineering  classes,  of  whom  95  were  studying 
civil  engineering  ;  78  mechanical,  5  mining,  and  i  electrical  en- 
gineering. In  addition  it  had  73  students  in  the  closely  allied 
branch  of  architecture.  These  together  made  up  about  one- 
hall  of  the  whole  number  of  students.  In  the  several  courses 
laid  down  an  effort  has  been  made  to  combine  as  much  practi- 
cal work  as  the  time  will  allow,  with  the  necessary  theoretical 
Instruction  which  is  the  basis  of  the  whole.  The  instructors  in- 
clude Professors  Ira  O.  Baker  (Civil  Engineering),  Arthur  N, 
Talbot  (Municipal  Engineering),  and  Arthur  T,  Woods  (Me- 
chanical Engineering).  * 

Another  Western  institutiofi  which  attracts  many  students  of 
engineering  is  Purdue  University,  at  Lafayette,  Ind.     Under 
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Professors  Goss,  PhilWps,  Creighton  and  others  much  im- 
provement has  been  made  in  the  courses  and  methods  of  in- 
struction,,besides  additions  to  the  plant.  The  civil  engineering 
department  has  a  fair  equipment,  and  there  is  a  large  and  well- 
supplied  mechanical  laboratory  where  experimental  work  can 
be  carried  on,  and  where  practical  instruction  in  forge  and  foun- 
dry work,  iron  fitting  and  woodwork  can  be  given. 

To  a  certain  extent  it  is  true  that  school  instruction  can  never 
take  the  place  of  actual  work  in  the  shop,  but  it  may  be^n  ex- 
cellent preparation  for  the  student,  and  help  hjm  by  showing 
how  the  theoretical  knowledge  he  obtains  can  best  be  applied 
in  practice. 

The  standing  of  Sibley  College,  the  engineering  department 
of  Cornell  University,  has  long  been  known,  and  it  is  only  nec- 
essary to  say  that  under  Professor  Thurston  and  his  colleagues 
large  additions  have  been  made  to  the  plant  both  for  mechan- 
ical and  electrical  work.  Last  year  over  450  students  were  en- 
rolled there. 

The  University  of  Pennsylvania  is  now  making  additions  to 
its  buildings  in  West  Philadelphia,  with  a  special  view  to  en- 
larging the  department  of  mechanical  engineering.  A  new 
building  80  X  45  ft.  is  being  put  up  for  this  purpose.  In  the 
basement  will  be  placed  the  engines  and  dynamos  which  supply 
light  to  all  the  buildings,  and  these  will  also  serve  as  part  of  the 
plant  used  in  instruction.  The  upper  floors  will  contain  work- 
shops, drawing-rooms,  and  recitation-rooms.  This  will  form 
a  great  improvement  and  addition  to  this  department  of  the 
University,  hitherto  cramped  in  its  operation  by  want  of  room 
and  proper  appliances.  The  special  engineering  library  has 
been  very  much  enlarged,  though  additions  are  still  needed  ; 
these  will  be  made  as  fast  as  circumstances  will  permit. 

A  school  of  Civil  Engineering  is  maintained  by  Washington 
and  Lee  University,  at  Lexington,  Va.  ;  it  is  under  charge  of 
Professor  David  C.  Humphreys,  C.E.,  and  is  intended  more 
especially  to  give  the  student  such  a  theoretical  training  as  will 
fit  him  to  undertake  the  practical  work  of  his  profession,  with  a 
full  understanding  of  its  general  principles,  thus  preparing  him 
to  learn  more  readily  the  application  in  the  field  of  those  prin- 
ciples. 


ABOUT  BOOKS  AND  PERIODICALS. 


A  LONG  illustrated  article  on  the  California  Lakes,  by  Charles 
H.  Shinn,  is  the  principal  paper  in  the  Overland  Monthly 
for  July.  Another  article  describes  a  visit  to  Crater  Lake  in 
Southern  Oregon.  The  number  is,  indeed,  largely  given  up  to 
traveling  sketches,  for  Texas  and  Western  Australia  furnish 
material  for  two  other  papers.  The  United  States  Military 
Academy  at  West  Point  is  described  by  Edgar  S.  Holden,  and 
an  excellent  variety  of  stories  and  sketches  completes  the  con- 
tents. 

The  Journal  of  the  Military  Service  Institution  for  Jujy  has 
for  its  leading  article  Artillery  in  the  Rebellion,  by  General  Tid- 
ball.  Other  papers  are  on  the  Evolution  of  Hospitals,  by  Major 
Winne  ;  Centralization  in  Army  Affairs,  by  Colonel  Lee  ;  The 
Summary  Court,  by  R.  McK.  Powers  ;  Range  and  Position 
Finding,  by  Captain  Zaiinski  ;  Military  Penology,  by  Captain 
Pope,  and  a  Chapter  of  American  History,  by  Captain  Ebstein. 
There  are  also  discussions  of  several  papers,  and  a  variety  of 
translations. 

The  latest  number  of  the  Proceedings  of  the  United  States 
Naval  Institute  hai  for  its  leading  article  the  Disposition  and 
Employment  of  the  Fleet,  by  Lieutenant  R.  C.  Smith.  Naval 
Constructor  D.  W.  Taylor  gives  a  new  method  for  calculating 
the  Stability  of  Ships  ;  Commander  F.  M.  Barber  writes  of 
High  Explosives  in  Warfare  ;  Ensign  A.  P.  Niblack  describes 
a  proposed  system  of  signals,  and  Mr.  Everett  P.  Hayden,  of 
the  Hydrographic  Office,  has  a  very  interesting  article  on  the 


Samoan  Hurricane  of  Karch.  1889.  There  is  also  a  discussion 
of  the  prize  essay  for  1891,  besides  professional  notes  and  other 
minor  matter. 

Perhaps  the  most  important  paper  in  the  Arena  for  July  is 
that  on  National  Control  of  Railroads,  by  C.  Wood  Davis.  In 
the  other  articles.  Plutocracy,  Neglected  Crimes,  the  Swiss 
Constitution,  and  Theological  Thought  are  among  the  subjects 
discussed.  This  magazine  covers  a  very  wide  field,  and  covers 
it  well. 

The  military  article  in  OuTiNc'for  July  continues  the  account 
of  the  Massachusetts  Militia.  There  are,  besides,  articles  on 
Fishing  in  New  Mexico  and  in  Ireland  ;  on  Tennis,  Polo,  La- 
crosse, and  other  athletic  games  ;  a  historical  sketch  of  Bi- 
cycling, and  some  interesting  notes  of  travel.  The  number  has 
an  unusual  variety  of  illustrations. 

In  the  Eclectic  Magazine  for  July  there  are  given  articles 
on  the  Warfare  of  the  Future,  from  the  Nineteenth  Century  ; 
the  Enormous  Antiquity  of  the  East,  by  Max  Miiller,  also 
from  the  Nineteenth  Century  ;  Dust,  from  Longman  s  Maga- 
zine;  Ideals  of  Art,  from  the  Ne7v  Review;  and  a  variety  of 
others  from  different  English  magazines  and*  reviews. 

In  the  Popular  Science  Monthly  for  August  the  Value  of 
Statistics  will  be  discussed  by  Hon.  Carroll  D.  Wright,  who  is 
a  master  of  the  question.  The  Evolution  of  the  Woolen  Manu- 
facture will  be  concluded,  and  Dr.  Andrew  D.  White  will  dis- 
cuss the  epidemics  of  the  past  in  an  article  styled  From  Fetich 
to  Hygiene.   There  are  several  other  articles  of  special  interest 

The  latest  number  of  the  National  Geographic  Maga- 
zine is  devoted  to  Mr.  Israel  C.  Russell's  report  to  the  National 
Geographic  Society  on  his  Expedition  to  Mount  St.  Elias  in 
Alaska.  It  is  illustrated  by  maps  and  photographs,  and  con- 
tains a  great  deal  of  information  about  the  hitherto  almost  un- 
known regions  of  Alaska. 

In  the  August  number  of  Harper's  Magazine  Colonel  T.  A. 
Dodge  concludes  his  paper  on  Some  American  Riders.  The 
historical  papers  on  London  are  continued.  An  illustrated  arti- 
cle on  New  Zealand  gives  an  excellent  general  idea  of  that 
country  and  its  abundant  natural  resources.  Mr.  Montgomery 
Schuyler  gives  some  Glimpses  of  Western  Architecture,  the  city 
of  Chicago  furnishing  the  text  for  his  present  paper.  There  is, 
besides,  a  great  variety  of  lighter  articles,  stories  and  sketches. 

The  August  number  of  Scribxer's  Magazine  is  a  "  fiction 
number,"  chiefly  devoted  to  short  stories.  There  is,  however, 
an  article,  in  the  Street  Series,  on  Piccadilly,  the  great  street  of 
London,  and  one  on  the  new  Parliament  of  Japan. 

That  excellent  paper,  the  American  Manufacturer  and 
Iron  World,  of  Pittsburgh,  appeared  on  July  4  in  a  new  dress, 
and  at  the  same  time  abandoned  its  former  large  sheet,  adopt- 
ing a  page  about  the  size  of  that  of  the  Journal.  The  Manu*- 
facturer  has  always  been  readable  and  reliable,  and  in  its  new 
form  is  much  more  convenient  and  attractive  than  before.  It 
should  continue  to  enjoy  the  prosperity  and  influence  which  it 
has  well  earned. 

The  July  number  of  Belford's  Magazine  is  a  very  good 
one  ;  so  much  so  that  it  would  be  hard  to  specify  any  particular 
article  as  the  leading  one.  There  is  no  lack  of  the  more  serious 
and  controversial  articles  for  which  this  periodical  is  making  a 
reputation  ;  while  the  summer  reader  who  looks  merely  for 
amusement  will  find  lighter  matter  enough  to  satisfy  his  or 
her  wishes. 

In  Goldthwaite's  Geographical  Magazine  for  July  there 
is  an  article  by  Mr.  C.  DeKalb,  which  gives  an  excellent  con- 
densed account  of  the  railroad  systems  of  South  America,  their 
past  growth  and  future  prospects.  Among  other  articles  of 
interest  are  Geographical  Progress  ^in  England ;  Tea  Planting 
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in  Ceylon:  the  City  of  Toronto  ;  Completing  the  Exploration 
of  Australia,  and  the  Cations  of  the  Colorado.  This  magazine 
contains  much  that  is  of  interest  not  only  to  the  student,  but 
also  to  the  business  man  and  the  general  reader. 


THE  UTILIZATION  OF  NIAGARA  FALLS. 


(Condensed  from    a   lecture  delivered   by   Mr.    Coleman    Sellers  before    the 
Fr.-inlclin  Institute.  Philadelphia  ;  published  in  the_/<?/cr«(// of  the  Institute.) 


The  extent  of  the  area  supplying  water  to  the  Falls  of 
Niagara  is  so  well  known  in  a  general  way  that  it  is  only 
necessary  to  say  that  the  drainage  basin  includes  an  area 
of  over  240,000  square  miles.  The  Falls  are  23  miles  be- 
low Lake  Erie  and  14^  miles  above  Lake  Ontario.  The 
total  difference  between  the  water  levels  of  the  two  lakes 
is  326  ft.,  which  is  distributed  as  follows  :  Rapids  between 
Lewiston  and  thelowerSuspension  Bridge,  100  ft.;  rapids 
between  the  Bridge  and  the  Falls,  10  ft.;  the  Falls  of 
Niagara,  160  ft.;  rapids  immediately  above  the  Falls,  50 
ft.;  Upper  Niagara  River,  6  ft.  The  extreme  limit  of  varia- 
tion in  the  depth  ot  the  river  above  the  Falls  is  3^  ft.,  but 
the  limit  is  very  rarely  reached.  Generally  a  variation  of 
I  ft.  above  the  Falls  is  followed  by  a  change  of  5  ft.  below. 
These  changes  are  of  short  duration,  and  are  generally  due 
to  long  continued  violent  winds  or  sudden  accumulations 
of  ice.  The  average  discharge  of  water  from  Lake  Erie 
into  the  Niagara  River  is  estimated  at  265,000  cu.  ft.  per 
second.  The  How  is  for  all  practical  purposes  unlimited 
and  never  failing. 

The  plan  which  is  now  being  worked  out  by  the  Cataract 
Construction  Company  was  originally  suggested  by  Mr. 
Thomas  Evershed,  and  when  taken  up  by  the  Company 
was  referred  to  Mr.  Coleman  Sellers  as  Consulting  En- 
gineer. Under  his  charge,  and  under  that  of  Mr.  Adams, 
the  President  of  the  Company,  a  commission  was  formed 
consisting  of  Sir  William  Thomson,  of  London  ;  Mr.  .Sel- 
lers ;  Colonel  Turrettini,  a  distinguished  Swiss  hydraulic 
engineer  ;  Professor  C.  E.  Mascart,  of  Paris,  and  with 
Professor  W.  C.  Unwin,  of  London,  as  Secretary.  This 
Commission  asked  for  plans  for  the  generation  of  power 
by  turbines  or  other  water  moters,  and  for  the  transmis- 
sion of  power  so  generated.  A  large  number  of  these 
were  received  and  carefully  considered.  The  whole  were 
based  on  the  work  which  the  Company  has  already  begun, 
and  which  is  stated  as  follows  : 

The  Niagara  River  above  the  Falls  flows  from  the  east  to  the 
west,  and  at  the  Falls  the  lower  gorge,  into  which  ihe  water  is 
carried  by  the  two  great  Falls,  the  American  and  the  Horse- 
shoe, runs  almost  due  north  toward  the  west  end  of  Lake  On- 
tario. Between  the  line  of  the  New  York  Central  Railroad,  as 
it  enters  the  town  of  Niagara  and  the  river  bank  is  a  strip  of 
land  averaging  suthcient  width  to  permit  the  laying  out  of  a 
manufacturing  town  as  an  extension  of  the  town  of  Niagara, 
with  room  sufficient  to  permit  a  long  canal  from  the  river  to  run 
parallel  with  the  railroad,  to  enter  the  river  below  Grass  Island 
with  a  diverging  mouth  of  sufficient  width  to,  of  itself  at  its 
lower  end.  give  water  at  the  Cential  Station  to  the  whole 
amount  required  if  need  be. 

Streets  are  being  laid  out  above  Port  Dey,  where  the  existing 
hydraulic  canal  takes  its  water,  for  the  location  of  mill  sites, 
while  farther  up  the  river  a  large  area  of  land,  in  all  about  1,400 
acres,  will  be  reserved  for  dwellings  of  the  operatives  in  con- 
junction with  other  large  areas  not  owned  by  the  Niagara  Power 
Company,  but  being  worked  in  harmony  with  it. 

A  tunnel  requiring  about  490  sq.  ft.  of  rock  excavation 
is  being  driven  from  above  Port  Dey  on  the  land  of  the  Com- 
pany under  the  town  of  Niagara  to  a  few  feet  below  the  Upper 
Suspension  Bridge,  a  total  length  of  6,700  ft.,  to  be  extended 
up  stream  farther  as  required  when  the  mill  sites  may  be  occu- 
pied. Only  the  lower  end  of  the  surface  canal,  as  designed  to 
feed  the  wheels  that  are  to  discharge  into  the  tunnel,  will  be  at 
present  built,  as  from  this  point  all  the  business  will  be  allowed 
to  grow  upon  the  lines  presently  to  be  pointed  out  to  you. 

The  tunnel  will  pass  under  the  existing  hydraulic  canal  that 
feeds  the  mills,  which  at  present  exist  in  the  town  of  Niagara 
on  the  bank  below  the  Falls.  This  canal  has  been  in  operation 
for  about  40  yArs,  and  begins  at  Port  Dey,  at  the  immediate 
head  of  the  Upper  Rapids  of  the  American  Fall  ;  Port  Dey 
taking  its  name  from  one  who  was  largely  interested  in  the  en- 
terprise, and  who  has  been  noted  for  his  connection  with  the 
manufacture  of  india-rubber  in  the  United  States.     The  canal 


passes  through  a  reservation  100  ft.  wide,  but  is  only  35  ft. 
wide,  and  carries  the  water  into  a  forebay  parallel  with  the 
lower  river,  whence  various  factories  are  being  fed.  The  whole 
amount  of  water  that  this  canal  will  deliver  is  already  exhausted 
so  far  as  the  power  it  is  capable  of  yielding  is  concerned,  with 
at  present  an  operating  efficiency  of  about  6,000  H.P.  This 
power  may  be  increased  to  double  the  amount  by  utilizing  all 
the  available  fall,  but  it  cannot  be  increased  beyond  that  with- 
out deepening  or  widening  the  existing  canal. 

It  may  be  noted  here,  that  the  mills  that  are  fed  by  this 
hydraujic  canal  have  been  conducted  with  profit  to  their  owners, 
on  account  of  the  steadiness  of  the  water-power  and  the  many 
advantages  offered  by  Niagara  as  a  site  for  manufacturing 
operations,  as  well  as  the  great  railroad  facilities  that  have  been 
for  a  long  time  in  existence. 

The  reason  for  adopting  a  tunnel  for  a  tail-race  and 
placing  the  mill  sites  above  the  Falls  was  that  land  for  man- 
ufacturing purposes  was  not  available  along  the  lower 
river,  and  that  public  opinion  is  very  much  against  plac- 
ing factories  on  the  banks  of  the  Niagara  to  the  detriment 
of  its  picturesque  features.  A  large  part  of  the  land  also 
belongs  to  the  State  of  New  York,  and  is  used  as  a  public 
park.  Moreover,  water  cannot  be  carried  by  canals  for 
use  in  water  wheels  at  nearly  so  rapid  a  rate  as  the  tail  or 
waste  water  from  the  wheels  can  be  distributed  through 
the  tunnel.  In  the  canal  the  velocity  cannot  safely  be 
made  much  over  3  ft.  per  second,  while  in  the  tunnel  the 
water  may  be  carried  at  as  high  a  speed  as  25  ft.  per  sec- 
ond, so  that  the  dimensions  of  the  tunnel  for  the  waste 
water  can  be  very  much  less  than  would  be  required  for 
the  canal. 

In  utilizing  this  power  it  has  been  decided  that  a  certain 
amount  will  be  sold  for  local  mills  which  will  control  their 
own  wheels  and  deliver  water  into  the  tunnel.  Beyond 
this  the  power  will  be  retained  entirely  under  control  of 
the  Company,  and  the  plans  formed  are  as  follows  : 

There  will  be  a  central  station  for  the  generation,  first  of 
about  5,000  H.P.  by  compressed  air.  another  one  of  5,000  H.P. 
by  electricity,  with  the  possible  extension  of  either  one  of  these 
to  the  amount  of  100,000  H.P.  added  in  units  of  2,500  to  5,000 
H.P.  to  either,  one  by  one,  in  whichever  direction  proves  the 
most  profitable  and  is  called  for  by  manufacturers.  The  Com- 
pany is  anxious  to  do  this  work  cautiously,  economically  and 
thoroughly  and  to  avoid  mistakes.  With  this  intent  the  matter 
has  been  placed  in  the  hands  of  a  Board  of  Engineers,  of  which 
Coleman  Sellers  is  now  the  Chairman,  with  Colonel  Turrettini 
as  foreign  Consulting  Engineer,  and  Mr.  John  Bogart,  the  Stale 
Engineer  of  New  York,  as  Consultant  with  Mr.  Sellers,  Mr. 
Clemens  Herschel,  the  Hydraulic  Engineer  of  the  Company, 
and  Mr.  Albert  H.  Porter,  the  grandson  of  the  one  who  orig- 
inally owned  Niagara  Falls,  as  the  Resident  Engineer  of  the 
Company  at  Niagara. 

Since  this  address  was  delivered,  Mr.  George  B,  Burbank, 
C.E.,  has  been  made  Resident  Consulting  Engineer  at  Niagara 
Falls. 

It  is  not  probable  that  the  whole  amount  of  120,000  H.P. 
will  be  used  for  a  long  time  to  come.  It  may  be  stated 
that  the  use  of  compressed  air  for  the  transmission  of 
power  has  been  adopted  on  account  of  the  success  attained 
with  that  method  in  Rome,  in  Paris,  and  elsewhere 
abroad,  and  it  may  be  mentioned  that  this  method  has 
been  used  in  several  places  where  electrical  transmission 
could  not  be  conveniently  applied.  It  is  stated  by  the  best 
authorities  that  50,000  H.P.  can  by  this  method  be  carried 
20  miles  through  two  pipes  each  26  in.  in  diameter,  with  a 
certainty  that  by  increasing  the  pressure  for  the  time 
being  one  pipe  only  might  carry  the  entire  amount,  while 
the  other  one  would  be  under  repair.  As  to  transmission 
by  electricity,  its  capacity  is  already  well  known,  and  there 
seems  to  be  practically  no  limit  to  the  amount  of  power 
which  can  be  conveyed  in  this  way. 

The  work  of  the  Cataract  Construction  Company  is  now 
being  pushed  rapidly,  and  Niagara  is  already  being  taken 
into  consideration  as  a  location  for  factories.  A  single 
firm  has  already  leased  3,000  H.P.  to  be  used  for  pulp 
mills  and  paper  works,  and  the  building  of  the  factories  is 
to  be  begun  at  once. 

The  lecture  gives  many  other  interesting  particulars  as 
to  the  transmission  of  power  for  long  distances,  and  as  to 
the  methods  which  have  been  adopted  for  utilizing  water 
powers  in  Switzerland  and  elsewhere. 
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GERMAN  TIRE  FASTENINGS. 


At  its  meeting  in  October  last  the  German  Railroad 
Union  decided  that  hereafter  the  statistics  of  breakages  of 
tires  should  only  be  considered  in  cases  where  the  types  of 
fastenings  applied  were,  in  use  on  at  least  300  wheels. 
More  recently  the  Union  has  published  a  plate  showing 


Group  I,  which  includes  the  fastenings  shown  in  figs, 
i-ii  inclusive,  covers  all  those  types  in  which  there  is 
some  weakening  of  the  tire  itself —that  is,  in  which  the  tire 
has  to  be  cut  away  or  bored.  In  this  Class  i,  covering 
figs.  1-8,  includes  fastenings  in  which  the  pieces  of  a 
broken  tire  will  not  be  held  to  the  center  ;  Class  2,  in  figs. 
9-1 1,  includes  those  in  which  broken  tires  will  remain  at- 
tached to  the  center. 


Fig.% 


Fxa.l7 


Fig. 


^MilL 


liiif 


Fij.i9    m^ 


rrTi 


rig,2G 


HffZ7 


TIRE    FASTENINGS    RECOGNIZED    BY   THE   GERMAN    RAILROAD   UNION. 


the  types  of  fastenings  recognized  ;  from  this  we  have  re- 
produced the  accompanying  plate,  m  which  each  figure 
shows  one  of  the  fastenings.  No  method,  outside  of  the 
30  shown,  is  accepted  by  the  Union. 

These  30  types  are  divided  into  two  general  groups,  as 
described  below,  and  ^ch  group  is  in  turn  divided  into 
two  classes.  The  drawings  will  explain  themselves  suffi- 
ciently without  entering  into  a  detailecji  description. 


Group  2,  including  the  fastenings  shown  in  figs.  12-30, 
covers  all  types  in  which  there  is  no  cutting,  drilling  or 
other  weakening  of  the  tire  itself.  The  subdivision  tiere  is 
the  same  as  in  the  other  group.  Class  i,  represented  in 
figs.  12  and  13,  includes  those  types  in  which  parts  of  a 
broken  tire  will  be  free  to  leave  the  wheel  ;  Class  2,  repre- 
sented in  figs.  14-30,  includes  types  in  which  a  tire  will  be 
held  last  to  the  wheel-center,  even  when  it  is  broken. 
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A  study  of  these  types  of  fastenings  may  show  some 
new  ideas,  although  most  of  them  are  not  at  all  novel. 


CONTRIBUTIONS    TO     PRACTICAL     RAILROAD 

INFORMATION.* 

CHEMISTRY     APPLIED     TO     RAILROADS. 
XIX.— HOW   TO   DESIGN   A    VAINT  (Conf/nueif), 


By  C.  B.  Dudley,  Chemist,  and  F.  N.  Pease,  Assist- 
ant Chemist,  of  the  Pennsylvania  Railroad. 


(Copyright,  1889,  by  C.  B.  Dudley  and  F.  N.  Pease.) 


(Continued /roin  page  321.) 


A  LITTLE  further  illustration  of  what  we  mean  by  mix- 
ing pigment  and  liquid  by  volume  will  perhaps  be  neces- 
sary. It  is  not  very  easy  for  us  to  think  of  volumes  of  pig- 
ments, since  pigments  are  mostly  measured  by  weight  ; 
and  we  do  not  at  all  mean,  when  we  say  that  the  pigment 
and  liquid  should  be  proportioned  to  each  other  by  vol- 
ume, that  we  should  use,  for  example,  a  gallon  of  oil  and 
a  quart  of  pigment.  Such  a  proceeding  would  lead  to 
very  disastrous  results,  for  the  simple  reason  that  a  quart 
of  all  pigments  is  not  the  same  volume  of  all  pigments. 
This  may  seem  a  little  paradoxical,  but  we  think  the  mat- 
ter will  appear  clear  when  it  is  explained  that  the  space 
occupied  by  a  quart,  for  example,  of  pigment  is  not  all 
occupied  by  the  particles  of  pigment,  but  partly  by  parti- 
cles of  pigment  and  partly  by  air  between  the  particles. 
We  have  made  a  number  of  experiments  on  the  relative 
amount  of  space  occupied  by  the  pigment  itself  and  the 
air  in  between  the  particles  of  pigment,  and  to  our  astonish- 
ment we  find  with  most  ordinarily  fine  pigments  the  space 
occupied  by  the  air  is  three  or  four  times  as  great  as  the 
space  actually  occupierl  by  the  particles  of  the  pigment. 
When  the  paint  is  mixed  the  oil  or  liquid  occupies  the 
space  formerly  occupied  by  the  air,  while  each  particle  of 
the  pigment  maintains  its  own  identity  and  occupies  a 
space  characteristic  of  its  own  size. 

Our  experiments  on  the  relative  proportions  of  actual 
space  occupied  by  the  solid  material  and  the  interspace 
occupied  by  air  have  led  to  some  rather  curious  informa- 
tion. It  is  well  known  that  it  particles  of  any  solid  ma- 
terial are  in  the  form  of  spheres,  the  interspace  does  not 
vary,  although  the  size  of  the  particles  vary.  For  ex- 
ample, a  pound  of  lead  in  the  form  of  shot  one-quarter 
inch  in  diameter,  and  in  the  form  of  shot  one-sixteenth 
inch  in  diameter,  has  the  same  actual  volume  occupied 
by  the  lead  and  the  same  interspace  in  both  cases.  Not 
so  with  pigments,  nor,  if  we  may  trust  our  experiments, 
with  any  solid  material  in  any  other  shape  which  we 
have  experimented  with.  Our  experiments  show  that  the 
finer  the  material  the  greater  the  amount  of  interspace 
for  the  same  amount  of  space  occupied  by  the  mate- 
rial.    For  example,  if  we  have  a  pound  of  carbonate  of 


•  Th«  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  of  the  Pennsylrania  Railro.nd,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona.  They  will  give  summaries  of 
original  researches  and  of  work  done  in  testing  materials  in  the  laboratory 
referred  to,  ami  very  complete  specifications  of  the  different  kinds  of  material 
which  are  used  on  the  road  and  which  must  be  bought  by  the  Company. 
These  specifications  have  been  prepared  as  the  result  of  carefiil  investigations, 
and  will  be  given  in  full,  with  the  reasons  which  have  led  to  their  adoption. 

The  articles  will  contain  information  which  cannot  be  found  elsewhere. 
No.  I,  in  the  Journal  f^r  December,  1889,  is  on  the  Work  of  the  Chemist  on  a 
Railroad;  No.  II,  in  the  January,  i.'qo,  number,  is  on 'J'allow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machinery  to 
which  it  is  applied  ;  No.  Ill,  in  the  February  number,  and  No.  IV.  in  the 
March  number,  are  on  LarJ  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
in  the  May  number,  on  Petroleum  Products  :  No.  VII.  in  the  June  number, 
on  Lubricants  and  Burning  Oils;  No.  VIII,  in  the  July  number,  on  the 
Method  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  and 
Lubricating  Greases  ;  No.  X,  in  the  August  number,  on  Battery  Materials; 
No.  XI,  in  the  September  number,  on  Paints  ;  No.  XII,  in  the  ()ctober  num- 
ber, on  the  Working  Qualities  of  Paint  ;  No.  XIII,  m  the  December,  1890, 
number,  on  the  Drying  of  Paint  ;  No.  XIV,  in  the  February  number,  on  the 
Covering  Power  of  Pigments  ;  No.  XV,  in  the  April  number,  on  How  to  De 
sign  a  Paint  ;  No.  XVI,  in  the  May  number,  on  Paint  Specifications  ;  No. 
XVII,  in  the  June  number,  on  the  same  subject,  and  No.  XVIII,  ako  in 
June,  on  the  Livering  of  Paint  ;  No.  XIX,  in  the  July  number,  on  How  to 
Design  a  Paint.  These  chapters  will  be  followed  by  others  on  different  kinds 
of  railroad  supplies.  Managers,  superintendents,  purchasing  agents  and 
others  will  find  these  CoNTiHBt;TioNS  to  Practicai.  Raii.rdad  Inpokmation 
of  sf>ecial  value  in  indicating  the  true  character  of  th«  materials  (hey  must 
use  and  buy. 


lime,  and  grind  it  moderately  fine,  there  will  be  a  certain 
volume  of  space  filled  by  the  lime  particles  and  a  certain 
interspace.  If  the  same  amount  of  material  is  made  finer 
and  finer,  of  course  the  space  occupied  by  the  solid  parti- 
cles of  carbonate  of  lime  itself  will  be  the  same  in  all 
cases  ;  but  the  interspace  increases,  and  increases  rapidly 
as  the  material  gets  finer.  This  tact  makes  it  clear  why 
we  cannot  take,  for  example,  a  quart  of  pigment  and  a 
gallon  of  oil  for  mixed  paint,  for  all  pigments  are  not  of 
the  same  degree  of  fineness,  and  consequently  with  two 
different  pigments  the  actual  space  occupied  by  the  pig- 
ment would  not  be  the  same  if  we  should  take  a  quart  of 
each.  But  for  the  correct  mixing  of  paint  we  must  have 
the  same  volumes  of  pigment.  Furthermore  it  is  well 
known  that  dry  substances  measured  by  volume  compact 
themselves  more  or  less  by  shaking.  Oats  and  corn  are 
familiar  illustrations.  The  same  thing  is  true  of  pig- 
ments ;  but  unfortunately  pigments  do  not  shake  down 
equally  well.  Some  pack  a  great  deal  closer  than  others 
with  the  same  shaking  ;  so  that,  in  order  to  mix  pigment 
and  liquid  by  volume,  we  shall  have  to  get  at  some  method 
of  measuring  the  pigment  different  from  putting  it  into  any 
convenient  measure.  Our  law  that  two  or  more  pigments 
can  be  mixed  with  liquid  on  the  same  formula  by  volume 
only  holds  true  when  equal  volumes  of  all  pigments  are 
mixed  with  equal  volumes  of  oil. 

There  are  several  circumstances  which  affect  the  pro- 
portions of  pigment  and  liquid,  and  these  circumstances 
lead  to  practical  variations  from  the  law  above  mentioned, 
when  we  come  to  the  practical  use  of  paints.  It  will  be 
borne  in  mind  that  in  all  this  discussion  thus  far  we  arc 
speaking  about  the  proportions  of  pigment  and  liquid  that 
will  give  the  best  paint  after  it  is  dried  on  the  surface, 
reserving  for  a  later  point  in  the  article  the  discussion  of 
how  to  get  a  paint  which  will  work  satisfactorily  under 
the  brush  ;  but  it  will  be  perhaps  advisable  first  to  discuss 
these  concomitant  circumstances  a  little,  and  their  influ- 
ence on  the  paint.  We  are  quite  well  aware  that  where  it 
is  desired  to  have  paint  dry  more  rapidly,  an  increase  in 
the  amount  of  liquid  is  frequently  made  use  of  by  practical 
painters,  resulting  in  a  thinner  coat,  and  thus  varying  the 
proportions  of  oil  and  pigment.  Also  it  is  well  known  by 
those  who  are  familiar  with  pigments  that  the  same 
amount  of  liquid  cannot  be  used  with  different  pigments, 
due  to  their  nature  and  to  their  fineness  or  coarseness. 
We  are  inclined  to  think,  however,  there  are  only  two 
variables  which  will  seriously  modify  the  formula  which  we 
propose  to  give.  These  are  the  cost  of  the  paint,  and 
whether  the  paint  is  to  be  used  as  first,  or  second  and  third 
coat.  In  regard  to  these  variables,  it  is  quite  true  that  a 
paint  mixed  on  the  formula  which  we  shall  give  will  cost 
more  than  a  paint  mixed  with  a  greater  proportion  of  liquid 
to  the  pigment  ;  and  if  parties  desire  a  cheap  paint,  a  very 
simple  way  is  to  add  more  liquid  to  the  paint,  and  thus 
cause  it  to  cover  a  great  deal  more  surface.  It  is  perfectly 
obvious  that  less  weight  of  material  will  be  put  on  each 
square  foot  or  square  yard  under  these  conditions,  and 
since  paints  are  usually  bought  by  weight,  the  paint  con- 
taining less  pigment  will  be  cheaper. 

A  variation  produced  with  a  desire  for  cheapness  is  of 
course  legitimate,  provided  the  variation  is  done  with  the 
eyes  wide  open,  and  the  modification  of  our  formula  for 
this  purpose  is  perfectly  legitimate,  although,  if  our  ex- 
periments are  correct,  not  as  durable  a  job  will  be  ob- 
tained. 

The  second  legitimate  modification  of  the  formula  is,  we 
think,  due  to  whether  the  paint  is  used  as  first,  or  second 
and  third  coat.  Our  experiments  indicate  that  quite  a 
portion  of  the  liquid  of  the  first  coat  goes  into  the  wood. 
This  can  hardly  be  obviated  by  any  method  with  which 
we  are  familiar  at  present.  If,  now,  the  proportion  of  pig- 
ment and  liquid  on  the  first  coat  is  such  as  will  give  the 
most  durable  paint,  our  experience  indicates  that  the  paint 
becomes  difficult  to  spread  on  account  of  the  absorption  of 
the  liquid  by  the  wood,  and  also  there  is  quite  a  tendency 
for  the  paint  to  become  spotted,  due  to  unequal  absorption 
on  different  parts  of  the  wooden  surface.  Some  portions 
take  up  a  great  deal  more  of  the  liquid  than  other  portions, 
and  these  portions  being  deprived  of  a  greater  portion  of 
their  liquid,  have  a  different  shade  from  the  contiguous 
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portion.  We  are  quite  well  aware  that  it  is  customary 
among  many  painters  to  use  half  as  much  pigment  for  the 
same  amount  of  liquid  for  the  first  coat  as  for  the  second 
coat  ;  and  we  have  no  experiments  which  indicate  that  this 
rule  is  defective,  and  see  no  reason  why  it  should  not  be 
followed.  Of  course  no  definite  formula  can  be  given,  as 
different  kinds  of  wood  differ  greatly  in  their  power  of 
absorption.  Our  thought  is  that  it  is  always  advisable  to 
use  as  much  pigment  and  as  little  liquid  as  possible  ;  and 
until  some  practical  cheap  surfaceris  obtained,  to  be  used 
as  first  coat,  which  will  fill  the  pores  and  form  a  good 
foundation  for  the  paint,  there  will  have  to  be  more  or  less 
latitude  allowed  in  the  relative  proportions  of  pigment  and 
liquid  for  first  coat. 

We  are  now  ready  to  consider  the  question  of  what 
should  be  the  relative  proportions  by  volume  of  pigment 
and  liquid  in  a  paint  which  will  give  the  best  possible  re- 
sults so  far  as  our  experiments  go,  after  the  paint  is  dried 
on  the  surface.  We  have  made  a  large  number  of  experi- 
ments to  determine  these  relative  proportions,  but  it  will 
hardly  be  advisable  to  go  into  all  the  details  of  these  ex- 
periments, nor  to  give  the  methods  made  use  of,  as  it 
would  prolong  this  article  to  an  undue  length.  The  prin- 
ciple which  has  guided  us  has  been  that  it  was  desirable 
to  have  as  much  pigment  as  possible  present  as  a  means 
of  protecting  the  oil.  Our  experiments  have  led  us  to  the 
conclusion  that  the  best  proportions  of  pigment  and  liquid 
with  all  pigments  is  : 

Liquid 65  to  70  per  cent,  by  volume. 

Pigment 35  to  30  per  cent,  by  volume. 

We  repeat  here,  because  we  conceive  it  important,  that 
these  figures  mean  not  necessarily  the  proportions  of  pig- 
ment and  liquid  in  the  paint  mixed  ready  for  spreading, 
but  the  proportions  of  pig.nent  and  liquid,  which  are  left 
on  the  surface  after  the  paint  is  dry.  The  directions, 
which  we  give  below  for  practical  use,  actually  lead  to  the 
following  percentages  : 

Liquid 67.60  per  cent,  by  volume. 

Pigment 32.40  per  cent,  by  volume. 

We  think  it  is  entirely  probable  that  many  practical  men 
will  think  we  have  proportioned  our  paint  altogether  too 
high  in  pigment,  and  it  is  possible  that  a  very  much  wider 
practical  experience  than  we  have  had  will  change  these  fig- 
ures somewhat ;  but  we  are  confident  that  if  paints  can  be 
obtained  which  will  under  all  conditions  work  satisfactorily 
on  these  figures,  the  painting  of  the  country  in  general 
will  be  very  mach  more  durable  than  it  now  is.  The  rule 
for  use  in  daily  practice,  and  which  will  probably  enable 
manufacturers  and  master  painters  to  get  a  very  much 
better  conception  of  the  kind  of  paint  made  than  the  figures 
above  is  as  follows  : 

Multiply  the  specific  gravity  of  the  pigment  in  the  dry 
condition  by  four,  and  this  will  give  the  number  of  pounds 
of  dry  pigment  which  are  required  for  a  gallon  of  liquid. 

In  deciding  on  the  liquid,  it  is  safe  to  say  that  for  prac- 
tical purposes  the  volatile  part  of  the  japan  can  usually  be 
ignored,  as  being  small  in  amount,  and  with  most  of  the 
good  japans  in  the  market  the  non-volatile  part  amounts  to 
about  one-third  the  volume.  Furthermore  the  results  will 
be  close  enough  for  practical  work,  provided  the  amount 
of  japan  used  in  the  mixed  paint  is  small,  if  both  the  japan 
and  turpentine  are  ignored.  This  makes  the  rule  exceed- 
ingly simple — namely  : 

For  each  gallon  of  oil  used  take  as  much  pigment  as 
four  times  the  specific  gravity  of  the  pigment. 

We  give  below  a  few  samples  of  paint  mixed  in  accord- 
ance with  this  rule  : 

One  gallon  of  oil  requires  26,40  lbs.  of  dry  white  lead. 

One  gallon  of  oil  requires  21.20  lbs.  of  dry  white  zinc. 

One  gallon  of  oil  requires  20  lbs.  of  Indian  red. 

One  gallon  of  oil  requires  12  lbs,  of  yellow  ochre. 

One  gallon  of  oil  requires  11.84  Ihs,  of  umber. 

One  gallon  of  oil  requires  10.40  lbs,  of  bone  black. 

One  gallon  of  oil  requires  9.20  lbs.  of  P.  R.  R.  Freight- 
car  Color. 

The  specific  gravities  of  many  of  the  paints  are  easily 
obtained  from  the  books  ;  but  there  is  an  exceedingly  sim- 
ple method  by  which  the  specific  gravity  pan  be  obtained 


by  practical  experiments  sufficiently  close  for  the  pur- 
poses of  this  work,  as  follows  : 

Take  a  roo  cubic  centimeter  graduated  vessel  and  put 
into  it  say  80  cubic  centimeters  of  alcohol.  Then  weigh 
20  grams  of  the  pigment  to  be  tested,  and  pour  it  into  the 
alcohol,  stirring  with  a  glass  rod  until  the  air  bubbles 
have  all  escaped.  Divide  now  20  by  the  increase  in  the 
volume  of  the  alcohol  expressed  in  cubic  centimeters,  and 
the  quotient  will  be  the  specific  gravity.  For  example,  if 
the  increase  is  8.70  cubic  centimeters,  which  is  practically 
the  case  with  P.  R.  R.  Freight-car  Color,  the  specific 
gravity  is  20  divided  by  8  70,  which  equals  2.30,  It  is  only 
essential,  in  using  this  method,  that  some  liquid  be  used 
which  has  no  solvent  action  on  the  pigment ;  and  so  far 
as  our  experiments  go,  alcohol,  gasoline  or  ether  may  be 
used,  provided,  as  said  above,  they  do  not  have  any  solvent 
action  on  the  pigment.  We  have  found  alcohol  most  ad- 
vantageous. We  are  quite  well  aware  that  many  pigments 
may  be  obtained  in  the  market  ground  with  oil  ;  and  to 
enable  those  who  are  accustomed  to  work  at  least  with 
white  lead,  we  give  below  a  formula,  which  will  enable 
this  ground  pigment  to  be  mixed  according  to  the  propor- 
tions by  volume  given  above — namely. 

One  gallon  of  oil  requires  \\.ZQlbs.  of  white  lead  paste. 

It  will  be  observed  that  quite  considerable  oil  has  to  be 
added  to  the  white  lead  in  order  to  give  the  proportions  by 
volume  that  our  formula  requires.  If  we  are  correct- 
ly informed  in  regard  to  the  practice  of  master  house 
painters,  we  are  confident  they  will  object  to  this  formula  ; 
so  far  as  our  knowledge  goes,  they  do  not  use  anything 
like  the  amount  of  white  lead  that  this  formula  calls  for. 
It  will  be  remembered  that  we  have  allowed  half  as  much 
pigment  for  the  first  coat,  and  we  are  confident  that  noth- 
ing like  as  good  results  are  obtained,  so  far  as  durability 
is  concerned,  by  the  present  practice  of  master  painters,  as 
would  be  obtained  if  the  formula  which  we  give  above 
were  followed. 

The  query  arises  whether  it  would  not  be  well  if  the 
trade  would  change  its  practice  and  grind  the  pigments 
with  the  proportion  of  oil  required  by  the  rule  given  above, 
so  that  when  the  paints  were  obtained  in  the  market,  all 
that  it  would  be  necessary  to  do  would  be  to  add  a  little 
japan,  and  then  turpentine  enough  for  spreading,  as  will 
be  explained  below.  We  throw  out  the  suggestion  for 
what  it  is  worth.  We  are  aware  that  the  custom  of  the 
trade  is,  to  grind  the  paste  as  stiff  as  possible— that  is.  with 
the  least  possible  amount  of  oil.  In  general  we  have  found 
this  to  be  the  custom  m  all  cases — at  least,  where  the  pig- 
ment is  more  expensive  than  the  oil.  It  does  not  always 
hold  true  where  the  pigment  is  less  expensive  than  the  oil. 
In  these  cases  we  have  found  the  paint  ground  pretty  thin. 
It  is  perhaps  natural  that  this  should  be  the  case,  since 
paints  are  usually  sold  by  weight. 

We  cannot  help  feeling  that  it  would  be  extremely  de- 
sirable if  the  paints  of  the  market  were  ground  on  some 
definite  formula,  which  would  enable  the  purchaser  to 
know  how  much  oil  and  pigment  he  would  get  ;  and  for 
this  purpose  we  know  of  no  formula  by  which  this  is  so 
well  and  easily  done  as  the  formula  by  volume  given  above. 

The  proportions  of  oil  and  white  lead  paste  given  above 
make  a  paint  fairly  ready  for  spreading,  especially  if  about 
5  per  rent,  of  a  rather  thin  japan  is  added.  With  most  of 
the  paints  which  we  have  examined,  however,  the  formula 
by  volumes  given  above  will  not  give  a  paint  ready  for 
spreading,  and  for  the  purpose  of  spreading  the  paint  it  is 
necessary  to  add  something  to  it  to  make  it  thinner. 

The  reasons  why  all  paints  are  not  ready  for  spreading 
when  mixed  by  volumes  is  two  or  threefold.  In  some 
cases  the  liquid  is  more  viscous  than  others.  This  is  es- 
pecially true  when  a  very  thick  japan  is  used.  Also  with 
white  lead,  white  zinc,  umber,  etc.,  the  chemical  action 
between  the  pigment  and  the  oil  forms  a  little  soap  which 
is  more  viscous  than  the  oil  itself.  Furthermore,  whether 
the  pigment  is  coarse  or  fine  makes  a  difference  in  the 
amount  of  liquid  required  to  give  a  paint  ready  for  spread- 
ing. The  finer  the  paint,  the  more  liquid  is  required,  and 
finally  it  is  sometimes  desired  to  have  a  coat  of  paint  dry 
quickly  ;  and  it  is  well  known  that  a  very  thick  coat  dries 
slower  than  a  thin  one.  so  that  it  is  essential,  we  think,  to 
add  for  the  purpose  of  spreading  something  which  will 
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enable  varying  conditions  to  be  met  ;  and  at  the  same  time, 
\i  the  paint  is  proportioned  on  the  formula  by  volumes  as 
given  above,  when  the  paint  is  on  the  surface  and  dry,  we 
will  have  a  uniformly  valuable  protection,  so  far  as  protec- 
tion depends  on  the  proportions  of  pigment  and  liquid. 
Our  practice,  and  the  one  which  we  recommend,  is  to  have 
all  the  pigments  mixed  with  liquid  by  volumes,  as  above 
described,  and  then  for  the  purpose  of  spreading  to  dilute 
with  turpentine. 

This  raises  the  question  of  how  much  the  paint  shall  be 
diluted,  and  what  means  there  is  of  deciding  that  different 
kinds  of  paint  and  different  buckets  of  the  same  paint  are 
equally  diluted.  We  have  never  known  of  any  "means  of 
testing  the  relative  dilution  of  paints  except  to  add  liquid  to 
the  paint  until  it  drips  off  from  the  stick  or  brush  used  in  the 
stirring  in  the  way  that  experience  has  indicated  is  about 
right.  We  have  been  astonished  at  the  uniformity  with 
which  those  who  are  exp^riei>|ped  in  this  line  of  work  mix 
successive  batches  of  palftt-^  but  all  do  not  have  experi- 
ence, and  there  is,  therefore,  apparently  the  need  of  some 
means  of  testing  to  see  whether  paints  are  diluted  to  a 
uniform  condition.  We  have  made  use  of  the  following 
method  :  We  had  made  a  square  plate  of  cast  iron  i 
in.  thick,  12  in.  square,  dressed  all  over.  One  surface 
was  grooved  from  top  to  bottom  with  circular  grooves 
three-eighths  inch  broad  and  one-eighth  inch  deep,  the  dis- 
tance between  grooves  being  about  one-half  inch.  This  iron 
plate  was  set  up  at  an  angle  of  45°.  so  that  the  grooves  would 
run  from  top  to  bottom.  Two  cubic  centimeters  of  the  mix- 
ed paint  is  then  put  at  the  top  of  a  groove,  a  two-cubic  centi- 
meter pipette  cut  off  a  little  at  the  bottom,  so  as  to  give  a 
larger  aperture,  being  used  for  the  purpose.  The  paint  is 
ready  for  spreading  when  this  amount  of  paint  runs  from 
one  end  of  the  plate  to  the  other  in  about  five  minutes.  The 
temperature  has  an  influence,  and  the  test  should  be  made 
at  a  temperature  at  which  the  paint  is  to  be  spread.  We 
are  quite  well  aware  that  this  is  rather  a  crude  device,  but 
it  is  astonishing  how  well  it  serves  the  purpose.  If  the 
paint  is  a  little  too  thick  it  will  stop  two  or  three  inches 
from  the  end  and  refuse  to  go  any  farther.  The  addition 
of  a  small  amount  of  turpentine  will  then  change  it  so  that 

it  will  run  perhaps  one-half  inch  farther ;  a  little  further 
addition  will  produce  a  still  greater  change,  and  by  a  lit- 
tle adjustment  the  material  liecomes  the  right  thickness. 

We  have  made  a  numberof  experiments  on  different  kinds 
of  paint,  to  see  whether  when  paints  were  diluted  ready  for 
spreading  equal  volumes  of  paint  would  cover  equal 
amounts  of  surface — that  is  to  say.  will  a  gallon  of  paint 
cover  the  same  surface,  provided  it  is  diluted  for  spread- 
ing in  the  uniform  way,  whether  the  paint  is  white  lead, 
white  zinc,  Indian  red,  bone  black,  etc.  Our  experiments 
seem  to  indicate  two  or  three  things  rather  interesting. 
First,  the  difference  in  different  men  in  putting  paint  on  is 
very  considerable  ;  and  the  thickness  of  the  coat  with 
different  operators  may  vary  from  one  to  three — that  is  to 
say,  one  operator  will  put  on  three  times  as  much  paint  as 
another  ;  second,  where  the  paint  contains  considerable 
turpentine,  to  dilute  it  ready  for  spreading,  ths  tendency 
is,  especially  in  warm  weather,  to  use  a  little  more  paint 
than  if  there  is  a  very  small  amount  of  turpentine.  This  is 
probably  due  to  the  fact  that  when  a  paint  is  spread  the 
turpentine  commences  to  evaporate  rapidly,  and  in  joining 
together  contiguous  portions,  that  which  is  already  on  be- 
comes thick,  and  it  requires  more  paint  in  order  to  make  the 
brush  slide  over  it  and  make  the  union  ;  third,  all  pain's, 
so  far  as  our  knowledge  goes,  containing  considerable 
inert  material  spread  easier  and  more  uniformly  than 
white  lead  and  white  zinc.  These  variables  aside,  a  gal- 
lon of  paint  covers  about  the  same  surface  irrespective  of 
the  kind  of  paint,  provided  they  are  all  thinned  to  same 
standard. 

In  concluding  this  perhaps  too  long  article,  we  may  say 
that  all  our  studies  on  paint  indicate  two  or  three  things. 

First,  that  the  use  of  paints  has  been  much  too  largely 
a  question  of  individual  preferences. 

Second,  there  is^  very  great  lack  of  definite  rules  and 
methods  of  designing  paints,  and  mixing  and  using  them. 

Third,  the  whole  field  needs  very  much  more  experi- 
ment and  study  than  wehave  been  able  to  give  to  it,  and 
what  has  preceded  in  this  series  of  articles  is  not  regarded 


as  final  on  the  subject,  but  simply  as  a  small  contribution 
to  our  knowledge. 

To  put  the  ideas  contained  in  the  three  articles  on  "  How 
to  Design  a  Paint,"  which  is,  to  a  certain  extent,  the  cul- 
mination of  our  study,  into  definite  shape,  we  would  say  as 
follows  : 

AS   REGARDS   PIGMENT. 

First,  if  there  is  any  pigment  not  too  expensive,  of  the 
desired  color,  use  this  pigment,  and  add  as  much  inert 
material  as  it  will  bear  without  interfering  with  the  optical 
covering  power,  sulphate  of  lime  being  preferred  as  inert 
material. 

Second,  if  white  is  desired,  or  if  there  is  no  pigment  of 
the  desired  color,  use  a  mixture  of  white  lead  and  white 
zinc  half  and  half  by  volume  as  a  basis,  add  tinting  male- 
rial  if  necessary,  and  then  as  much  inert  material  as  the 
pigment  will  bear  without  interfering  with  the  optical  cov- 
ering power. 

Third,  do  not  mix  any  pigments  which  have  any  chem- 
ical action  between  themselves  in  water  solution,  and  do 
not  add  to  any  pigment  inert  material  between  which  and 
the  pigment  there  is  any  possible  chemical  reaction  in 
water  solution. 

AS   TO   LIQUID. 

First,  raw  linseed-oil  is  the  best  material  which  is  at 
present  available  for  the  principal  portion  of  paint  liquid. 

Second,  good  japan  is  a  legitimate,  and  an  essential  con- 
stituent of  mixed  paint,  in  order  to  facilitate  the  drying. 
It  should  not  be  used  in  greater  amount  than  10  or  15  per 
cent. 

Third,  turpentine,  both  as  a  constituent  of  the  japan, 
and  also  added  separately  in  order  to  dilute  ready  for 
spreading,  is  a  legitimate  constituent  of  paints. 

AS   TO   PROPORTIONS   OF   PIGMENT   AND   LIQUID. 

First,  all  pigments  may  and  should  be  mixed  with  the 
liquid,  which  forms  binding  material  in  the  proportions 
of  about  65  to  70  per  cent,  by  volume  of  liquid,  to  35  to  30 
per  cent,  by  volume  of  pigment. 

Second,  the  weight  of  pigment  per  gallon  of  liquid  which 
forms  binding  material  is  obtained  by  multiplying  the 
specific  gravity  oi  the  pigment  by  four. 

Third,  turpentine  should  be  used  to  dilute  the  paints 
mixed  as  above,  in  order  to  prepare  them  for  spreading. 

It  would  be  extremely  desirable  to  continue  this  series 
of  articles  on  paints  to  cover  a  number  of  other  paints 
which  have  not  yet  been  touched,  notably,  japan,  paints 
for  iron  work,  etc.  Our  experiments,  however,  in  these 
fields  are  hardly  sufficient  yet  to  warrant  us  in  saying  more 
on  the  subject  at  present.  We  are  still  studying  the  sub- 
ject of  paints,  and  possibly  a  little  later  will  take  up  the 
question  again. 

In  the  next  article  we  will  take  up  some  other  materials, 
for  which  specifications  have  already  been  prepared. 

(TO   BE   CONTINUED.) 


FAILURES  OF  CORRUGATED  FIRE  BOXES. 


The  accompanying  illustrations,  from  Gldscr's  Anna- 
len,  show  a  somewhat  peculiar  case  of  the  failure  of  a  cor- 
rugated fire-box.  Fig.  i  is  a  section  on  the  line  a  b,  look- 
ing toward  the  forward  end  of  the  boiler  ;  fig.  2  is  a  sec- 
tion on  c  d,  looking  to  the  back  end  ;  fig  3  is  a  longitudinal 
section  of  the  fire-box,  showing  the  manner  in  which  it  col- 
lapsed. It  will  be  seen  that,  without  fracture,  the  surface 
of  the  corrugated  fire-box  was  dented  in  and  forced  down 
until  its  lowest  point  rested  on  the  fire-brick  bridge. 

The  boiler  was  one  of  those  in  use  at  the  pumping  sta- 
tion of  the  water  works  at  Essen-on-the-Ruhr,  in  Germany. 
The  immediate  cause  of  the  failure  was  low  water,  the 
night  fireman,  who  was  in  charge  at  the  time,  having 
allowed  the  water  to  fall  considerably  below  the  proper 
level.  It  is  said  that,  from  some  unknown  cause,  he  had 
formed  the  idea  that  the  water  level  in  the  boiler  was  above 
that  shown  in  the  water-gauge,  and  had  consequently 
allowed  it  to  fall.  The  first  intimation  of  danger  which 
he  recognized  was  when,  in  putting  in  coal,  he  noticed  that 
the  upper  part  of  the  furnace  was  red  hot.  He  called  the 
engineer,  but  before  that  officer  came  the  collapse  took 
place. 
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The  figures  show  very  well  the  peculiar  form  which  the 
furnace  assumed  ;  they  also  show  that  the  failure  occurred 
directly  over  the  bridge  wall — that  is,  at  the  point  where 
the  roof  of  the  furnace  is  subjected  to  the  greatest  heat. 

The  boiler  in  question  was  built  in  1882,  and  was  a  cyl- 
inder boiler  with  internal  fire-box.     The  boiler  is  7  ft.  3 


ARGENTINE  RAILROADS. 


in.  in  diameter  and  32  ft.  10  in.  long.  The  corrugated 
tube  forming  the  fire-box  is  13  ft.  11  in.  long,  the  grate 
extending  about  half  the  length  ;  the  diameter  outside  is 
53  in.,  and  inside  49  in.  ;  the  thickness  of  the  plate  being 
r^\^  in.  It  was  ot  the  Kox  pattern,  and  was  made  at  the 
Schultz-Knaudt  Works  in  Essen.  Examination  showed 
that  the  steel  was  of  excellent  quality,  and  in  fact  it  was 
forced  down  into  the  bridge,  making  indentations  in  the 
hard  fire-brick  The  boiler  was  licensed, 
after  inspection,^to  carry  a  pressure  of  90 
lbs.  ;  the  usual  working  pressure  was  75 
lbs.  In  ordinary  work  the  consumption 
of  fuel  was  about  18  lbs.  per  square  foot 
of  grate  per  hour,  and  about  4^  lbs.  of 
water  were  vaporized  per  square  foot  of 
heating  surface  per  hour. 

No  fault  could  be  found  with  the  ma- 
terial used  ;  but  it  is  possible  that  some 
better  method  of  staying  the  furnace  than 
that  in  use  might  have  prevented  a  collapse. 

In  figs.  4  and  5  another  case  of  par- 
tial collapse  of  a  corrugated  furnace  is 
shown,  with  the  means  adopted  for 
making  temporary  repairs.  Fig.  4  is  a  horizontal  section, 
and  fig.  5  a  cross-section.  In  this  case  the  boiler  was  in 
use  on  the  steamer  Kolomna  on  the  Caspian  Sea.  The 
water  of  this  sea  is  very  bad,  and  a  thick  deposit  formed 
on  the  outside  of  the  fire-box,  which  was  probably  the 
cause  of  the  collapse.  Deformations  of  the  fire-box  ap- 
peared in  two  places,  as  shown  in  fig.  4.  The  scale  was 
so  heavy  that  the  man-hole  a,  fig.  5,  could  be  broken  open 
only  with  considerable  difficulty.     It  was  done,  however. 


The  following  statements  are  from  the  official  report  of 
the  Secretary  of  the  Interior  of  the  Argentine  Republic, 
which  is  dated  May  i  last : 

From  January,  1890,  till  March 
23,  1 891,  the  following  new  railroads 
or  sections  have  been  opened  to 
traffic  : 

r.  Central  Argentine  branch  from 
Cafiada  Gomez  to  Pergamino. 

2.  Buenos  Ayres  &  Rosario  pro- 
longation from  Pinto  to  Tucuman, 
besides  branches  to  Santo  Tome, 
etc. 

3.  Northwest  Argentine  from 
Caseros  to  Mercedes,  and  fromCor- 
rientes  to  Saladas. 

4.  Southern  of  Santa  Fe  to  Venado 
Tuerio  and  Carlota. 

5.  Bahia  Blanca  Northwestern  to 
Bernasconi. 

6.  Transandine,  from  Mendoza  to 
Uspallata. 

7.  Great  Northern,  from  Salta  to  Santa  Rosa. 
We    have    also    approved    the    plans    of    the    follow* 
ing  : 

1.  Bahia  Blanca  to  Ruffino,  Pelleschi's  concession,  by 
way  of  Trenquelauquen,  353  miles,  with  a  guarantee  of  5 
per  cent,  during  20  years  on  a  cost  of  |!I2. 600,000. 

2.  Mendoza  to  San  Rafael.  Bemberg's  concession, 
with  a  5  per  cent,  guarantee  on  $22,750,000. 


3.  Pilar  to  Campana,  Meiggs's  concession,  without  any 
guarantee. 

We  cancelled  the  follov\ing  concessions:  Parana  to 
Tartagal  ;  Villa  Maria  to  Reconquista  ;  Ituzaingo  to  Posa- 
das ;  Buenos  Ayres  to  Riachuelo  ;  Chacari  to  Trenque- 
lauquen ;  Rio  Quinto  to  Rosario  ;  Metropolitan  Railroad  ; 
Zarate  to  Toay  ;  Tigre  to  San  Roque  ;  Nufiez  to  Ria- 
chuelo ;  Villaguay  to  Colon  ;  San  Nicolas  to  Rufino  ;  Cata- 
marca  to  Buenos  Ayres  ;  Concordia  to  Concepcion  ;  Villa  J 


and  the  fire-box  was  secured  by  stay-bolts  arranged  in  the 
mianner  shown  in  the  sketches,  so  that  the  boilers  were 
continued  in  use  and  further  collapse  prevented. 

In  this  case  the  deformations  of  the  fire-box  were  on  the 
lower  side,  the  larger  one  being  below  the  grate,  and  the 
smaller  one  behind  the  bridge-wall,  so  that  they  did  not 
happen  at  the  point  where  the  heat  was  most  intense,  but 
at  that  where  the  scale  was  thickest. 


Maria  to  Mendoza  ;  San  Rafael  to  Norquin  ;  Capilla  to  Giles. 
On  January  i,  1891,  there  were  30  railroads  in  construc- 
tion or  survey  with  a  total  length  of  12.600  kilos,  or  7.800 
miles,  including  four  State  railroads  with  a  length  of  440 
miles,  and  12  lines  holding  Government  guarantees  with  a 
length  of  4.030  miles,  besides  19  others.  In  1889  there 
were  5,150  miles  of  railroad  open  for  traffic,  and  in  March, 
1891,  no  less  than  7,310  miles. 
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The  above  lines  employed  18,960  persons,  and  repre- 
sented an  outlay  of  $297,500,000.  There  were  11  of  the 
above  lines  holding  Government  guarantees,  amounting 
in  all  to  $4,600,000  yearly. 


RECENT      EXPERIMENTS     WITH      ARMOR- 
PLATES. 


By  First  Lieutenant  Joseph  M.  Califf,  Third  U.  S. 

Artillery. 


c 


(.CoHcludtd  fr«m  page  317.) 


FROZEN  ARMOR    PLATE. 

An  interesting  experiment  was  made  at  the  Annapolis 
Proving  Ground,  in  November  last,  to  test  the  effect  of 
frost  upon  nickel  armor-plate,  as  it  had  been  thought  that 
this  metal  might  develop  excessive  brittleness  at  very  low 
temperatures.  In  carrying  out  this  experiment  it  was  in- 
tended to  fire  three  shots  at  the  nickel-steel  plate  used  in 
the  September  trials— one  when  the  plate  was  at  the 
normal  temperature,  a  second  after  it  had  been  fiozen, 
and  the  third  when  it  had  returned  to  its  original  con- 
dition.    Only  the  first  two  were  fired,  however. 

The  plate  was  mounted  as  before,  only  the  distance 
from  the  gun  was  increased  to  263  ft.  The  gun,  the 
powder  charge,  the  kind  and  weight  of  projectile  were  the 
same  as  in  the  previous  trials.  The  first  shot  was  fired 
with  the  temperature  of  the  plate  at  53  ,  and  was  directed 
on  the  central  line  to  the  left  of  the  8-in.  perforation. 
After  entering  the  plate  I3iin.  and  getting  its  nose  into  the 
backing,  the  projectile  rebounded  and  was  picked  up  40 
ft.  from  the  target,  somewhat  cracked  and  slightly  set  up. 
Two  apparently  through  cracks  were  started  in  the  plate. 
To  freeze  the  plate,  a  box  a  foot  in  depth  was  built  in 
front  of  its  face  and  filled  with  salt  and  ice,  arrangements 
being  made  for  taking  the  temperature  at  the  top  and  one 
of  the  lower  corners  of  the  plate.  When  the  temperature 
had  fallen  to  28°  and  would  go  no  further,  the  box  was 
cut  away  sufficiently  to  admit  the  aiming  of  the  gun,  and 
a  second  shot  fired,  the  ice  being  allowed  to  remain  on 
the  plate  until  the  last  moment.  The  penetration  of  this 
•hot,  directed  on  the  central  line  to  the  right  oi  the  8-in. 
perforation,  was  about  the  same  as  the  previous  one  ;  a 
number  of  new  cracks  were  started,  principally  in  the 
neighborhood  of  the  old  shot-holes,  and  a  large  piece  was 
broken  from  across  the  top  of  the  plate  and  thrown  to  the 
front.  The  projectile  broke  up  badly,  leaving  its  point  in 
the  backing.  Except  for  the  breaking  up  of  the  shot, 
there  was  nothing  I0  indicate  any  additional  hardness  or 
brittleness  in  the  plate  on  account  of  lowness  of  tempera- 
ture. As  this  might  well  have  been  the  fault  of  the  pro- 
jectile itself,  it  is  understood  that  the  conclusion  reached 
by  the  Board  was  that  the  temperature  reached  had  no 
appreciable  effect  upon  the  metal. 

TRIAL  OF  A  BETHLEHEM  STEEL  PLATE. 
*  On  January  20  last  there  was  a  trial  of  an  experimental 
Bethlehem  press-forged,  oil-tempered  steel  plate  at  the 
Annapolis  Proving  Ground.  Its  dimensions  were  6  ft. 
X  4i  ft.  X  lU  Jn..  secured  by  four  bolts  to  a  36-in.  oak 
backing.  The  gun  used  was  the  6-in.  B.  L.  R.  used  in 
the  September  trials.  The  projectiles  were  Holtzer 
armor-pierchig  shell,  weighted  to  100  lbs. 

Three  rounds  were  fired,  the  first  with  a  charge  of  48 
lbs.  of  brown  prismatic  powder.  The  striking  velocity 
was  2,032  foot-seconds  ;  the  striking  energy  2,862  foot- 
tons.  The  projectile  penetrated  12^  in.,  rebounded  25  ft. 
to  the  front ;  was  shortened  o. i  in.,  but  otherwise  intact. 
A  front  bulge  of  i  in.  was  raised  and  a  projecting  fringe 
\  in.  higher.  A  number  of  short  radial  cracks  were  de- 
veloped in  the  bulge.  At  the  second  round  the  charge 
was  increased  to  48^  lbs,,  raising  the  striking  velocity  to 
2,065  foot-seconds  and  the  striking  energy  to  2,956  foot- 
tons.  The  projectile  penetrated  to  a  depth  of  13  in.,  re- 
bounded entire,  35  ft.  to  the  front,  and  was  shortened  o.  i 
in,  A  front  .bulge  and  fringe  were  raised,  with  short 
radial  cracks,  as  in  the  preceding  shot.  The  third  shot 
was  fired  with  the  same  charge  as  the  second,  and  the 
velocities  were  assumed  to  be  the  same.     The  projectile 


penetrated  a  depth  of  13!  in.,  rebounded  25  ft.  to  the 
front,  and  broke  into  two  large  pieces.  A  bulge  of  i  in. 
and  a  projecting  fringe  of  2  in.  was  raised  on  the  face  of 
the  plate.  A  through  crack  was  developed  from  this  shot 
hole  to  the  bottom  edge  of  the  plate,  and  a  fine  surface 
crack  from  third  to  first  shot-hole,  and  thence  to  top  of 
the  plate.  The  surface  of  all  the  shot-holes  was  smooth 
and  regular  ;  in  the  last  shot  star-shaped  cracks  extended 
from  the  bottom  of  the  cavity  through  to  the  backing. 

When  removed  from  the  backing  the  back  of  the  plate 
was  found  in  a  remarkably  good  condition.  The  back 
bulges  were  a  little  less  than  2  in.  in  height ;  were  uni- 
formly curved,  with  no  cracks  around  their  circumference. 
Upon  the  center  of  the  first  bulge  there  were  no  cracks  ; 
upon  the  second  a  faint  hair  crack,  while  the  bulge  from 
the  last  shot  was  cracked  through.  In  addition  to  the 
through  crack  to  the  bottom  of  the  plate,  a  fine  hair  crack 
half  way  from  the  bulge  of  the  third  to  that  of  the  first 
shot.  The  backing  was  not  splintered,  the  indents  con- 
forming to  the  back  bulges.  A  small  fragment  of  fringe 
thrown  off  at  the  first  shot  was  the  only  metal  detached 
from  the  plate  during  the  trial, 

THE  HARVEY  TEMPERING  PROCESS. 

By  the  Harvey  process  of  tempering  armor-plate,  it  is 
the  aim  of  the  inventor  to  secure  in  one  structure  the  good 
features  of  both  the  compound  and  the  all-steel — that  is, 
the  extremely  hard  face  of  the  one  with  the  tough  and  elas- 
tic mild  steel  back  of  the  other,  without  resorting  to  weld- 
ing or  the  creation  of  any  planes  or  lines  of  weakness. 


Fig.  6. 


THE. HARVEY   PLATE   AFTER  TRIAL. 

The  face  of  the  plate  to  be  treated,  which  may  be  of 
ordinary  mild  steel  or  of  nickel  alloy,  is,  by  a  method  of 
cementation,  the  details  of  which  are  not  known,  given  a 
high  temper  and  great  hardness  ;  this  hardness  gradually 
diminishing  toward  the  interior,  while  the  back  of  the  plate 
retains  the  original  qualities  of  the  mild  steel.  This  is 
the  claim  made  by  the  inventor,  and  if  true  realizes  what 
has  been  so  long  sought  for  in  armor  fabrication. 

At  the  Naval  Ordnance  Proving  Ground  at  Annapolis, 
on  February  14,  a  trial  was  had  of  a  \o\  in.  Schneider 
steel  plate,  treated  according  to  the  Harvey  process.  The 
35-caliber,  6-in.  B.  L.  R.  used  in  previous  trials  was  em- 
ployed, but  mounted,  as  in  the  frozen-plate  experiment, 
263  It.  from  the  target.  Three  Holtzer  and  three  Carpen- 
ter loo-lb.  armor-piercing  shell  were  fired  with  a  striking 
velocity  of  2,065  foot-seconds,  and  a  striking  energy  of 
2,988  foot-tons.  All  of  the  projectiles  broke  up  ;  five  of 
the  six  were  badly  shattered  after  penetrating  from  4  to  5 
in.,  leaving  their  points  imbedded  in  the  plate.  The 
head  of  the  remaining  projectile  penetrated  nearly  5  in. 
beyond  the  back  face  of  the  plate  and  there  remained. 
The  result  showed  that  the  face  possessed  a  wonderful 
degree  of  hardness,  ^nd  that  there  was  no  disposition  to 
separate  from  the  softer  back,  but  the  plate  was  badly 
cracked  through  its  entire  thickness,  although  no  part  of 
it  had  fallen  from  its  backing.  Fig,  6  shows  the  appear- 
ance of  the  plate  at  the  end  of  the  trial. 

To  further  test  the  merits  of  the  Harvey  process,  a  three 
days'  trial  was  completed  at  the  Naval  Proving  Grounds 
on  May  8.  Five  armor  plates  each  8  ft.  X  6  ft.  X  3  in. 
were  made  especially  for  this  trial  by  Carnegie,  Phipps  & 
Company,  of  Pittsburgh.     One  of  untreated  simple  steel, 
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two  of  untreated  nickel  steel  -one  of  low  and  one  of  high 
carbon — and  one  each  of  simple  and  of  nickel  steel  treated 
by  the  Harvey  process.  Twenty-one  shots  were  fired  at 
each  plate  from  a  6-pdr.  Hotchkiss  rapid-fire  'gun,  using 
forged  steel,  armor-piercing  projectiles  with  a  striking 
velocity  of  i,8oo  foot-seconds  ;  the  striking  energy  being 
considerably  greater  than  was  necessary  to  pierce  an 
ordinary  3-in,  steel  plate. 

The  report  of  this  trial  says  that  the  untreated  steel 
plate  made  the  poorest  showing — nearly  all  of  the  projec- 
tiles going  through,  and  cracking  it  badly.  The  untreated 
nickel  steel,  of  low  carbon,  was  better,  but  several  of  the 
projectiles  went  through,  while  others  rebounded  and 
broke  up.  The  untreated  nickel-steel  plate  of  higher 
carbon  made  a  still  better  record,  as  it  was  not  cracked, 
and  the  greatest  penetration  was  only  3  in.  All  the  pro- 
jectiles, except  one,  rebounded  and  broke  up.  The  Harvey- 
treated  steel  plate  was  considerably  cracked,  but  there 
was  little  penetration,  and  many  of  the  projectiles  broke 
up  on  the  surface.  After  the  trial  was  over  this  plate 
broke  into  four  pieces.  The  nickel-steel  plate  treated  by 
the  Harvey  process  was  scarcely  injured.  One  of  the 
projectiles  scored  a  penetration  of  about  an  inch  ;  the 
others  were  shattered  upon  the  surface.  The  injuries  to 
this  plate  were  insignificant,  and  confined  to  one  slight 
crack  and  a  burring  up  of  the  surface  where  the  projec- 
tiles struck. 

Much  credit  has  been  claimed  in  some  directions  for 
the  behavior  of  an  8-in.  Cammell  compound  plate  in  a 
trial  held  at  Portsmouth  in  February  last.  The  plate  was 
one  manufactured  for  an  Argentine  war-ship,  and  was 
attacked,  at  30  ft.  range,  by  three  loo-lb.  Palliser  chilled 
iron  projectiles.  With  a  striking  velocity  of  only  1,566  ft., 
the  projectiles  all  went  to  pieces,  with  but  slight  indentations 
in  the  face  of  the  plate.  The  utter  worthlessness  of  chilled- 
iron  projectiles  against  steel  or  steel-faced  armor-plate 
has  been  so  often  demonstrated  that  one  is  at  a  loss  to 
understand  the  object  or  value  of  this  experiment. 

CONCLUSIONS. 

In  reviewing  these  experiments  one  cannot  but  recog- 
nize the  fact  that  the  means  for  thoroughly  testing  the  re- 
sisting power  of  armor-plates  were  never  so  good  as  now. 
To  be  able  to  bring  to  the  trial  ground  projectiles  that  are 
almost  indestructible,  and  ordnance  of  sufficiently  high 
power  to  place  the  attack  at  a  decided  advantage,  are 
conditions  never  before  attained.  To  attack  an  armor- 
plate  with  a  gun  of  insufficient  power  or  with  an  inferior 
projectile  can  only  give  results  that  are  misleading. 

In  the  Annapolis  trials  the  summary  of  the  Board  sets 
forth  very  clearly  the  relative  merits  of  the  plates  tested. 
The  merits  of  the  nickel-steel  were  further  demonstrated 
by  the  handsome  manner  it  held  up  under  the  frozen 
armor  experiment  of  two  months  later. 

In  the  Ochta  trial  it  is  difficult  to  explain,  in  the  light  of 
that  at  Annapolis,  the  relative  behavior  of  the  plates.  The 
presence  of  nickel  in  the  Schneider  plate  was  at  first 
questioned,  but  that  it  did  contain  a  small  percentage  of 
nickel  seems  to  be  conceded.  That  it  failed  to  affect  the 
resisting  quality  of  the  metal  as  at  Annapolis  is  evident. 
This  has  been  explained  upon  the  two  grounds  that  the 
quantity  was  insufficient,  and  that  the  Tow  temperature 
prevailing  at  the  time  was  detrimental  to  its  resisting 
powers,  although  the  freezing  test  at  Annapolis  did  not 
clearly  demonstrate  the  evil  effects  of  cold  upon  this  kind 
of  armor-plate.  The  Vickers'  plate,  of  hydraulic  com- 
pressed steel,  held  together  the  best  of  the  three,  and  an 
order  for  this  armor-plate  was  given  by  the  Russian  Gov- 
ernment upon  the  strength  of  this  trial.  It  is  also  under- 
stood that  an  order  for  the  armor  for  one  of  the  new  Eng- 
lish battle-ships  has  been  given  Mr.  Vickers.  If  so,  it 
will  be  the  first  steel-armored  ship  in  the  British  Navy. 
The  Brown  plate,  unlike  the  compound  plate  at  the  An- 
napolis trial,  showed  through  cracks,  and  was  pretty  badly 
broken  up. 

It  is  to  be  regretted  that  the  Wilson  plate  could  not 
have  been  tested  by  the  side  of  the  others.  In  the  test  that 
did  take  place  a  few  days  later  it  is  claimed  that  it  behaved 
better  than  either  of  them.  It  is  intimated,  however,  but 
with  what  justice  it  is  impossible  to  say,  that  a  good  part 


of  the  firing  against  this  plate  w:^  with  soft  projectiles. 
At  least  it  is  known  that  on  the  day  of  the  first  trial  it  was 
difficult  to  find  enough  projectiles  sufficiently  hard  for  the 
firing.  Perhaps  it  should  be  said  that  Schneider  excuses 
the  behavior  of  his  plate  by  saying  that  it  was  made  more 
than  a  year  before  the  one  used  at  Annapolis,  while  it  is 
known  that  a  test  specimen  of  the  Brown  plate  had  shown 
that  it  was  below  standard,  and  that  it  was  contemplated 
sending  another  to  replace  it,  but  this  was  not  done.  No 
excuses  for  the  Vickers  plate  are  on  record.  Altogether 
this  trial  is  much  less  satisfactory  than  the  one  at  An- 
napolis. 

The  experiment  of  January  20  is  noteworthy,  inasmuch 
as  the  plate  tested  was  the  first  American  steel  plate  of 
any  considerable  thickness  to  appear  upon  the  trial 
ground.  The  showing  it  made  was  a  remarkably  good 
one.  The  plate  was  somewhat  undermatched,  owing  to 
the  fact  that  the  gun  was  limited  to  a  pressure  of  15  tons. 
This  reduced  the  striking  energy  nearly  100  foot-tons 
below  that  calculated  upon  to  match  the  plate. 

An  examination  of  fig.  6  will  show  how  well  the  plate 
treated  by  the  Harvey  process  fulfilled  its  mission  of  keep- 
ing out  projectiles.  It  is  true  that  the  plate  is  badly 
cracked,  but  no  part  was  dislodged,  and  if  upon  the  side 
of  a  ship,  where  it  would  have  had  the  support  of  adjoin- 
ing plates,  it  might  have  stood  a  great  deal  of  additional 
punishment.  The  penetration  of  the  fifth  shot  is  explained 
by  the  Harvey  people  by  the  statement  that  the  hardening 
process  at  this  point  was  incomplete. 

In  connection  with  this  matter  of  through  cracking  of 
armor-plates,  a  writer  in  the  Engineer  points  out  the  mis- 
chievous results  that  have  followed  the  insistence  by  the 
British  naval  authorities  that,  whatever  other  quality 
armor  should  or  should  not  possess,  there  must  be,  under 
the  impact  of  a  projectile,  no  through  cracking  of  the 
plates.     He  says  : 

Originally,  it  is  believed  the  problem  put  to  our  Sheffield 
makers  by  the  naval  authorities  was  to  make  minimum  liability 
10  through  cracks  a  primary  condition  ;  the  hardness  displayed 
by  steel  was  to  be  given,  if  possible,  subject  to  this  leading 
stipulation— namely,  that  the  plates  were  on  no  account  to 
break  up  and  strip  ofT  the  sides  of  our  ships.     .  .     This 

condition  may  not  have  been  altogether  wrong  at  first,  but  it 
has  long  since  become  mischievous. 

This,  perhaps,  explains  what  one  may  call  the  blind 
adherence  of  the  English  authorities  to  compound  armor- 
plate — plate  with  backs  so  soft  that,  while  through  crack- 
ing is  rare,  its  effective  resisting  depth  is  reduced  one-half. 

The  ideal  armor-plate,  for  naval  use  at  least,  is  one  that 
combines  maximum  resisting  power  with  minimum  weight 
— that  is,  thickness.  The  Annapolis  trial  seemed  to  show 
that  the  nickel-steel  plate  possessed  the  long-sought  de- 
sideratum, hardness  without  brittleness.  The  Harvey 
process  of  tempering  armor-plate  indicates  that  it  will  yet 
be  possible  to  effectively  combine  a  hard  projectile-resist- 
ing face  with  an  elastic,  tenacious  back.  When  this  antic- 
ipation is  realized  it  may  be  said  that,  with  our  present 
knowledge  of  metallurgy,  we  shall  have  attained  all  that 
can  reasonably  be  hoped  for  in  this  direction. 


THE  SAFE  HIGH  EXPLOSIVES. 


(From  the  New  York  Times.) 

The  heavy  sentence  of  four  years'  imprisonment,  in  ad- 
dition to  fines,  imposed  the  oiher  day  on  four  persons  con- 
nected with  the  alleged  sale  of  the  secret  of  mt'linite  to  the 
Armstrongs  gives  a  new  turn  to  that  strange  affair.  It  was 
recently  announced  by  the  Minister  of  War  that  M.  Tur- 
pin,  the  inventor,  and  Captain  Tripone,  the  agent  of  the 
Armstrongs,  really  had  nothing  of  value  to  the  French 
Government  to  negotiate  for,  and  that  the  most  important 
part  of  the  invention — the  means  of  exploding  melinite 
after  it  has  been  united  with  another  substance  in  the 
shell — remained  in  the  sole  possession  of  the  Government. 
This  second  substance  is  cresilite,  a  nitro  cresol  obtained 
from  a  coal-tar  product  ;  and  after  two-thirds  of  the  space 
in  the  shell  has  been  filled  with  it,  melinite  is  rammed  in 
— a  fact  which  sufficiently  indicates  that  both  products  can 
be  safely  handled,  and  can  be  exploded  only  by  a  power- 
ful detonator. 
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This  melinite  affair  has  naturally  had  an  interest  for  all 
countries  that  are  trying  to  solve  the  problem  of  securing 
a  safe  high  explosive  as  the  bursting  charge  of  shells  used 
in  ordinary  powder  guns.  It  seems  clear  that  Turpin 
made  the  original  invention  from  which  the  official  melinite 
of  to-day  has  been  developed,  and  sold  it  to  the  English 
firm  wiien  the  French  Government  was  act  satisfied  with 
it.  The  English  high  explosive  known  as  lyddite,  which 
has  been  used  for  several  years  in  experiments  at  Lydd, 
has  always  been  spoken  of  as  the  invention  of  Turpin, 
and  it  is  known  to  be  largely  picric  acid,  which  is  also  the 
foundation  of  melinite.  The  French  were  perfectly  well 
aware  that  the  English  were  using  this  substance,  and 
that  to  that  extent  the  secret  of  safe  high  explosives  for 
military  use  was  not  within  their  keeping.  Indeed,  it  has 
been  said  by  good  authority  that  nearly  all  high  explosives 
for  shells  are  either  gun  cotton  or  picric  acid  compounds. 
The  original  objection  to  the  latter  was  that  they  were  too 
susceptible  to  concussion,  and  would  explode  before  that 
degree  of  penetration  without  which  the  effect  of  high  ex- 
plosives becomes  of  much  less  importance.  But  it  is  evi- 
dent, from  what  has  already  been  said,  that  melinite  does 
not  explode  by  concussion  alone,  while  the  English  are 
said  to  have  pierced  several  inches  of  steel  with  a  lyddite 
projectile  before  it  exploded. 

The  main  point  of  interest  in  the  matter  is  that,  while  in 
our  country  attention  has  chiefly  been  given  to  the  produc- 
tion of  a  safe  propelling  power  for  high  explosive  shells, 
as  shown  in  the  pneumatic  tubes  of  the  Vesuvius,  the 
French  have  been  making  the  high  explosive  itself  safe  for 
handling  and  use  in  ordinary  powder  guns.  The  charge 
of  melinite  is  not  so  great  as  that  which  can  be  used  in  a 
compressed  air  gun,  but  it  has  the  enormous  advantage 
of  high  velocity,  long  range  and  the  accuracy  and  pene- 
tration which  come  of  ordinary  horizontal  shell  firing.  In 
the  6-in.  gun  a  shell  weighing  121  lbs.  has  a  bursting 
charge  of  about  23  lbs.  of  melinite  ;  and  it  is  said  that  in 
some  guns  shells  charged  with  70  lbs.  of  melinite  have 
been  repeatedly  and  safely  fired  with  an  initial  velocity  of 
1,300  ft.  per  second. 

But  France  is  not  alone  in  this  quest.  Lieutenant 
Southerland,  of  our  Navy,  in  an  official  publication  on  the 
subject,  mentions  a  large  number  of  substances  thus  em- 
ployed. One  of  these  is  ecrasite,  which  has  been  adopted 
by  Austria.  It  is  supposed  to  be  a  composition  of  blast- 
ing gelatine  treated  with  the  sulphate  or  hydrochlorate  of 
ammonia,  is  more  powerful  than  dynamite,  and  is  as 
absolutely  safe  to  handle  as  melinite  itself.  It  has  been 
made  to  penetrate  a  depth  of  8  in.  of  iron  without  explod- 
ing. The  same  authority  speaks  of  the  Swedish  extralite, 
which  is  believed  to  be  a  picric  acid  compound,  and  is  also 
perfectly  safe  to  handle,  being  exploded  only  by  special 
means.  The  experiments  with  emmensite  in  our  own 
country  are  well  known,  and  other  explosives  have  been 
tested  by  our  naval  authorities  at  Newport,  among  them 
being  one  called  bellite.  The  main  fact,  that  some  safe 
high  explosives  for  the  bursting  charges  of  projectiles  do 
exist,  seems  to  be  beyond  dispute.  The  melinite  incident 
in  Pari*  will  perhaps  increase  popular  interest  in  a  matter 
which  is  likely  to  be  of  much  importance  in  the  warfare  of 
the  future. 


A   PENNSYLVANIA   RAILROAD   PASSENGER 
LOCOMOTIVE. 


The  accompanying  illustration,  taken  from  a  photo- 
graph, shows  the  latest  standard  locomotive  for  general 
passenger  service  built  by  the  Pennsylvania  Railroad 
Company  at  its  Altoona  shops.  This  type  of  locomotive 
is  called  Class  P  by  the  company. 

The  boiler  is  built  to  carry  160  lbs.  working  pressure, 
and  is  54  in.  in  diameter  outside  of  the  smallest  ring. 
There  are  210  tubes,  2  in.  in  diameter  and  11  ft.  4  in. 
long.  The  fire-box  is  of  the  Belpaire  type,  and  is  9  ft. 
n|  in,  long  inside,  40  in.  wide,  and  50  in.  deep  in  the 
center.  The  grate  area  is  33  26  sq.  ft.  The  heating  sur- 
face is:  Fire-box,  141  sq.  ft.;  tubes,  1,246  sq.  ft.;  total, 
1.387  sq.  ft.  The  smoke-stack  is  18  in.  inside  diameter. 
The  center  of  the  boiler  is  7  ft.  2i  in.  above  the  r^jl  ;  the  ^ 


total  height  from  the  rails  to  the  top  of  the  smoke-stack  is 
15  ft. 

The  driving-wheels  are  68  in.  in  diameter  and  are  spaced 
7  ft.  9  in.  between  centers.  The  total  wheel-base  of  the 
engine  is  22  ft.  8^  in.  The  rear  driving-axle  is  under  the 
fire  box.  The  driving-axles  have  journals  8  in.  in  diam- 
eter.    The  truck-wheels  are  s;^  in.  in  diameter. 

The  cylinders  are  18.V  in.  in  diameter  and  24  in.  stroke. 
The  valve-motion  is  of  the  ordinary  shifting-link  pattern. 
The  throw  of  the  eccentrics  is  5  in. ;  the  greatest  travel  of 
the  valves  is  5  in.,  and  they  have  |  in.  outside  lap.  The 
steam-ports  are  i^  X  17J  in,,  and  the  exhaust-ports  2^  x 
17J  in.  The  exhaust  nozzles  are  double,  2|  x  3i  in.  in 
size. 

The  tender  is  carried  on  two  four-wheel  trucks  and  the 
tank  has  a  capacity  of  3.000  gallons.  The  engine  weighs 
106,000  lbs.  in  working  order,  65,150  lbs.  being  carried  on 
the  four  driving-wheels  and  40,850  lbs.  on  the  truck.  The 
weight  on  the  drivers  is  thus  about  8J  tons  per  wheel. 


THOUGHTS  ON  MARINE  ENGINEERING. 


By  Aloha  Vivarttas. 


{Cone  hided  front  page  309.) 


The  art  or  science  of  navigation  as  taught  by  Maske- 
lyne,  Norrie.  Bowditch,  Thorn,  and  others  consisted  prin- 
cipally of  rules  and  methods  by  means  of  which  the  sea- 
man could  find  and  keep  the  run  of  his  position  and 
desired  course  during  long  periods  of  lime,  in  open  sea, 
under  varying  conditions  of  winds,  currents,  and  rates  of 
speed  ;  where  generally  ample  time  could  be  taken  to 
work  a  "  traverse"  or  post  up  and  compute  a  "  dead 
reckoning."  and  where  the  continual  necessity  for  vigil- 
ance kept  the  captain  and  all  hands  au  fait  in  the  use  of 
all  the  means  aboard  with  which  to  accomplish  the  desired 
end  ;  where  the  use  of  the  lead  line,  not  only  to  decide 
the  actual  depth  of  the  water  and  probable  location  of  the 
vessel  at  the  time,  but  also  to  define  the  direction  and 
amount  of  the  current  or  drift  when  at  anchor  or  be- 
calmed, was  never  to  be  forgotten.  In  all  of  this  the  navi- 
gator was  supposed  to  use  his  own  head,  and  judge  for 
himself  the  speed  and  leeway  at  all  times  ;  and  if  near 
land,  no  excuse  was  taken  for  neglect  of  any  precaution 
by  means  of  which  he  could  increase  his  information  on 
these  points. 

The  development  of  the  steamer  capable  of  great  and 
continuous  speed  has  changed  the  meaning  of  the  word 
navigation  ;  the  art  and  science  has  gradually  dropped  out 
of  sight  and  out  of  mind. 

The  navigator  takes  a  steamer  out  of  port,  with  his 
course  and  speed  fixed  by  rule  or  custom  ;  the  leeway  or 
drift  and  currents  he  is  to  meet  are  accounted  for. 

Lights  along  the  beach  have  multiplied.  He  rarely 
hears  of  a  lead-line  ;  the  old  song  *'  By  the  deep  nine,  and 
a  quarter  less  seven,"  etc.,  is  a  dead  language  to  him  ;  he 
works  no  traverse  more  difficult  than  getting  around  a 
horn  or  the  contents  thereof. 

He  feels  no  doubt  about  where  he  is  at  any  time.  He 
fears  no  premature  approach  to  a  dangerous  coast.  In 
fact,  to  him  no  coast  is  dangerous  ;  it  is  the  coaster  h« 
dreads  and  looks  out  for  ;  like  a  man  crossing  a  railroad 
track,  his  greatest  danger  is  that  of  being  run  down. 

And  to  such  an  extent  is  this  fact  recognized  by  the  pub- 
lic and  authorities  that  be,  that  when  "slowed  up"  in  a 
fog,  if  he  use  his  whistle  well  he  may  drift  ashore  for 
want  of  his  lead-line,  like  one  of  our  finest  Sound  steam- 
ers ;  or  to  drift  to  leeward  of  his  course  in  a  stiff  breeze 
and  be  wrecked  on  a  well-known  reef  in  clear  weather, 
like  another  fine  steamer  ;  yet  the  navigator  and  all  of 
his  assistants  be  held  blameless. 

The  old-time  navigator  became  most  anxious  and  care- 
ful when  near  the  coast  where  many  vessels  were  to  be 
met  ;  but  he  had  not  nearly  as  many  vessels  to  avoid  then 
as  are  now  found  on  the  same  ground,  nor  did  any  of 
them  travel  so  fast  as  many  of  them  do  now. 

The  increase  of  their  speed  arid  the  multiplication  of  the 
number  of  the  vessels  have  made  a  collision  the  greatest 
and  most  to  be  dreaded  danger  of  the  sea  to-day— until  the 
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word  "  collision"  has  stepped  out  of  the  dictionaries  into 
common  use  within  the  last  fiity  years,  and  has  advanced 
in  fear  more  than  in  favor,  being  now  probably  more  used 
than  any  other  when  disasters  are  to  be  described.     Num- 


bridges  keep  their  perpendicular,  and  are  calculated  to  re- 
sist an  attraction  of  gravitation  which  acts  invariably  in  a 
vertical  direction,  while  the  only  side  pressure  to  account 
for  was  the  wind,  he  has  now  to  make  a  structure  which, 


berless  inventions  are  made,  and  many  rules  are  devised 
to  prevent  them  ;  and  while  every  possible  care  and  effort 
should  be  made  by  those  in  charge  to  avoid  collisions  with 
other  vessels,  icebergs,  rock,  or  bfach,  it  is  also  incumbent 


instead  of  resting  upon  fixed  supports  and  carrying  a  mov- 
ing load,  must  carry  a  comparatively  stationary  load  over 
moving  supports,  and  many  conditions  are  reversed.  Yet 
he  will   not,  like  the    old-st>Ie  ship-builder,   neglect   his 


upon  the  engineer  to  so  construct  his  vessel  that  in  the  col- 
lision which  must  be  expected  some  time  she  shall  suffer 
as  little  as  possible. 

And  in  this  matter  there  are  several  things  to  be  studied 


diagonal  bracing.  Verily,  the  buildings  designed  for 
South  American  railroads,  in  view  of  expected  earthquakes, 
were  better  braced  than  arc  ships  which  fear  nothing  so 
much  as  a  solid  and  stationary  resting-place.     But  the  en- 


besides  the  old  style  ship.  Thus,  in  the  most  common 
case,  a  collision  between  two  vessels,  the  blow  is  gener- 
ally given  and  received  in  a  nearly  level  direction,  and  is 
to  be  best  met  by  strength  in  the  deck.  The  New  York 
ferry-boat  has  struck  the  keynote  in  this.  The  deck  is  the 
ship  par  excellence.  With  a  sound  deck  beneath  his  feet 
and  above  water,  no  seaman  despairs  ;  his  masts  may  go 
by  the  board,  his  keel  may  drop  out,  but  while  he  can 
keep  his  deck  above  water  he  feels  safe. 

A  serious  defect  in  ordinary  construction,  whether  of 


s^s-^ 


wood  or  iron,  is  making  the  deck  practically  a  rectangular 
structure  with  no  diagonal  bracing.  Noia  bene  :  *'  Hang- 
ing knees"  are  never  struts,  but  only  crooked  fish-plates. 

The  engineer,  recollecting  that  a  blow  from  without  will 
be  most  severely  felt  when  received  in  a  direct  line  toward 
the  center  of  gravity  of  his  vessel,  will  set  his  struts  in 
position  to  take  such  bluw  "  end  on  ;"  and  inasmuch  as 
the  vessel  is  liable  to  receive  such  blow  on  any  and  every 


gineer  sees  that  his  vessel  must  carry  her  load,  although 
she  will  not  always  retain  her  perpendicular  ;  and  also, 
as  from  the  variations  of  the  levels  of  her  supports,  she 
will  sometimes  move  in  a  more  or  less  up-and-down  direc- 
tion, and  hence  is  liable  to  strike  a  rock  or  iceberg  at  any 
angle  from  the  level  plane  clear  around  to  the  vertical 
one,  he  will  reinforce  his  deck  and  amidship  trusses 
by  a  system  of  radiating  longitudinal  trusses  (figs.  4  and 
5),  sustained  by  a  system  of  vertical  trusses  (fig.  6),  which 
will  stand  in  vertical  planes  radial  to  the  center  of  gravity 
of  the  whole,  and  therefore  agree  with  the  main  struts  of 
his  deck. 

The  intersections  of  the  planes  of  the  various  vertical 
and  longitudinal  trusses  will  be  the  positions  of  his  main 
system  of  struts,  which  will,  like  those  of  the  main  deck, 
stand  nearly  radial  to  the  general  center  of  gravity,  as 
shown  in  fig.  7. 

This  leads  the  engineer  to  a  kind  of  spheroidal  style  of 
framing,  with  truss  work  radiating  in  every  direction,  the 
l)arts  sustaining  each  other  and  distributing  strains  by  a 
corticulated  system  of  members,  while  the  exterior  form 
of  the  submerged  body  will  vary  comparatively  little  from 
the  smaller  craft  now  in  use.  For  as  men  have  been 
building  small  boats  for  many  years,  but  large  ships  only 


point  of  her  circumference,  the  radial  truss  of  the  generic 
form  shown  in  fig.  2  results  as  the  lightest  and  strongest 
form  for  resisting  it. 

Next  to  the  danger  of  collision  with  other  vessels  is, 
perhaps,  the  danger  of  going  upon  the  beach  ;  and  as  this 
is  a  trouble  which  must  sometime  be  endured — for  the 
luckiest  ship  must  sometime  rest  on  hard  bottom,  if  only 
on  a  dry-dock — the  engineer  will  meet  it  by  a  longitudinal 
vertical  truss  through  the  center  of  his  vessel  (fig.  3)  ;  and 
in  constructing  such  truss  he  will  remember  that  while  his 


a  shorter  time,  so  the  small  boats  are,  even  now,  far  better 
models  than  the  larger  ones  ;  and  many  a  ship  goes  to  sea 
which  is  far  less  seaworthy  than  her  long  boat. 

But  while  below  the  water-line  the  small  boats  are  toler- 
ably well  shaped  for  their  purpose,  above  the  water-line 
the  form  may  be  varied  at  will  ;  and  there  is  no  excuse 
for  the  defects  which  grow  in  a  geometrical  ratio  as  the 
boat  increases  in  an  arithmetical  one. 

It  will  be  questioned  if  such  construction  will  not  fill  up 
the  hold  of  the  vessel,  and  so  lessen  her  carrying  capacity. 
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But  it  is  to  be  remembered  that  the  carrying  capacity  of 
any  vessel  is  not  to  be  measured  by  the  cubic  contents  of 
the  empty  space  within  her.  but  is  only  limited  by  the  cubic 
contents  of  her  outside  bulk  below  the  water-line  or  "  dis- 
placement," so  called  because  it  is  exactly  equal  to  the 
weight  of  the  bulk  of  water  she  displaces. 

The  old  practice  of  building  vessels  to  carry  inside  and 
below  the  level  of  the  water  surface  as  many  cubic  feet  of 
clear  space  as  possible  in  proportion  to  the  cubic  contents 
of  the  outside  bulk,  has  led  to  the  crustacean  style  of  ship- 
building, and  bred  many  a  disaster.  Nature  tried  the  ex- 
periment ages  ago  ;  and  all  of  her  large  and  powerful  ani- 
mals are  vertebrate  ;  only  a  few  crabs  and  lobsters  carry 
their  strength  entirely  upon  the  surface,  like  a  modern 
ship.  And  to-day  the  term  egg-shell  is  a  synonym  for 
weakness.  Yet  an  egg-shell  will  not  break,  although  fall- 
ing several  times  its  own  diameter,  and  may  ride  the  surf 
and  come  ashore  in  safety  when  the  strongest  ship  afloat 
would  be  literally  broken  up,  not  by  the  force  of  the  sea, 
but  simply  by  her  own  weight,  falling  a  distance  less  than 
•one  half  her  vertical  dimension  upon  the  beach  as  the  sea 
slipped  out  from  under  her. 

it  is  strange  that  with  ages  of  experience,  and  many 
good  old  rules  in  various  languages  forbidding  or  advising 
against  carrying  the  center  of  gravity  of  the  vessel  much, 
if  any  below  the  level  of  the  water  surface,  men  claim- 
ing some  knowledge  in  sea  matters  persist  in  the  danger- 
ous practice  of  putting  their  weight  as  low  as  possible. 
And  yachts  with  lead  on  their  keels  stagger  about  like 
men  with  wine  in  their  heads,  neither  case  being  an  in- 
dication of  wisdom. 

But  if,  then,  the  center  of  the  weight  should  be  kept  well 
up  to  the  level  of  the  water-line,  there  is  no  objection  to 
putting  the  needed  strength  below  it.  A  dim  idea  of  the 
fitness  of  this  is  floating  about  in  the  form  of  a  "  double 
bottom,"  which  is  sometimes  made,  but  fails  for  want  of 
the  general  truss  principle — that  is,  struts  to  resist  thrust 
and  ties  to  carry  tension.  The  ordinary  iron  or  wooden 
ship  has  material  enough  in  her  to  insure  double  her  pres- 
ent strength  if  properly  placed.  How  would  our  ocean 
piers  stand  if  built  of  angle  iron,  with  reverse  bars,  deck- 


beams,  and  outside  plating,  with  internal  bulkheads,  like 
an  ocean  steamer  ? 

The  old  sailing  vessel  exhibits  a  singular  phenomenon 
in  having  started  with  a  small  hulk,  which  was  construct- 
ed as  a  shell,  and  has  been  enlarged  as  a  shell,  with  pro- 
portionate loss  of  strength.  But  in  the  matter  of  sails  and 
rigging  the  small  original  started  with  spars  to  take  thrust 
and  ropes  to  bear  tension,  and  without  change  of  geometric 
principles  bears  enlarging  to  the  needs  of  the  biggest  ship 
afloat,  yet  holds  its  strength  in  proportion  to  its  size.  In- 
deed, there  are  few,  if  any  better  studies  in  thrust  and 
tension,  resolution  of  forces  and  distribution  of  effects 
than  a  square-rigged  ship  properly  handled  under  varying 
conditions  of  wind  and  sea. 

An  illustration  of  this  is  seen  in  the  largest  class  of  der- 
ricks as  invented  by  A.  1).  Bishop,  which,  copying  the 
geometry  of  the  mast,  yard,  topping  lift,  and  rolling  tackle, 
by  means  of  which  sailors  lift  and  swing  their  heavier 
weights,  improved  upon  the  details  by  stiffening  the  yard 
in  a  horizontal  plane,  increasing  the  number  of  topping- 
lifts,  to  be  always  ready  for  a  strain  at  any  point,  and 
carrying  the  rolling  tackle  to  the  "  chest  trees,"  as  it  were, 
relieving  the  mast  from  a  short  cramp  at  the  slings,  with- 
out interfering  with  the  side  or  horizontal  swing,  thus 
adapting  the  machine  to  the  especial  work  of  handling 
extraordinary  heavy  wfcights,  without  reference  to  the  mat- 
ter of  carrying  and  handling  sails,  the  primary  object  of 
the  original  mast  and  yard.  These  improvements  are  the 
improvements  of  an  engineer,  not  a  shipwright,  and  were 
first  designed  and  used  to  handle  the  heavy  stone  in  the 
construction  of  High  Bridge  over  the  Harlem  River. 


ORDNANCE  NOTE. 


The  accompanying  table,  which  we  reprint  from  the 
Arj/iy  and  Navy  Journal^  will  be  interesting  as  showing 
just  what  has  been  done  by  our  Army  and  Navy  ordnance 
authorities  toward  the  armament  of  our  forts  and  ships 
since  the  rehabilitation  period  commenced.  It  shows  the 
number  of  guns  and  mortars  that  have  been  ordered  and 
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Calibres. 


Siege  A  rt  tilery 

5-in.  Kun*.  sieel 

7-in.  howitzer,  steel. 


Sen  Coast  A  rtillery. 

8-in.  Run,  steel , 

lo-in.  gun ,  steel 

i2-in.  gun,  steel 

i2-in.  mortar,  cast-iron,  steel-hoeped . 
i2-in  mortar,  steel 


4-in.  R.  F.,  steel 

5-in.  R.  F.,  steel 

5-in.  Mark  I,  steel 

6-in.  Mark  II  and  III,  steel. 

6-in.  (35  calibres)  steel 

6-in.  (40  calibres)  steel 

8-in.  Mark  II,  steel 

8-in.  Mark  III,  steel 

JO  in.  steel 

i3-!n. steel 

13-in.  steel 


Mountain  and  Field  Artillery. 

3-in.  Mountain  gun,  steel 

3.2-in.  light  field  gun,  steel 

1.6-in.  field  gun,  steel 4,,i»  v..i.,j 

;?.6-in.  field  mortar,  steel 1 ./..'. 


Tot 

Weight. 

Length. 

Pounds. 

Feet. 

218 

3-9 

839 

7.56 

1181 

7-56 

244 

2.75 

3960 

12.15 

37«o 

8.06 

Tons. 

14-5 

23.21 

30.0 

30.60 

52.0 

36.66 

14-25 

10  75 

13.0 

11.76 

.  , 

■    -     ■  . 

Length 
of  Bore. 


Calibres. 

>4 

96. 

23- 

5-25 


27. 
12. 


32- 
34 
34- 
9- 
10. 


I 


Powder. 
Pounds. 

0.88 

3-75 
450 
1 .00 


12.50 
9-75 


130. 
256. 
440. 
80. 
100. 


irge. 

Powder 



Pressure. 

Projectile. 

Pounds. 

Tons,  Q- 

la. 

6.5 

»3  5 

»S- 

20. 

16. 

20. 

8. 

45- 

16. 

103. 

12.5 

300. 

16.5 

575- 

16.5 

1060. 

16.S 

630. 

"5 

800. 

16. 

Initial 
Velocity. 
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1-5 

13-7 

40. 

■v^4?:  • 

.33- 

3  » 

17.4 

40. 

30. 

50. 

3.8 

13.5 

30. 

29. 

60. 

4-3 

16.3 

30. 

50. 

100. 

5-2 

18.8 

35- 

50. 

100. 

6.0 

21-3 

40. 

so. 

too.                   - 

13.0 

2>.5 

30- 

>«5- 

250. 

13.1 

25.4 

35- 

115. 

250. 

257 

27.4 

30. 

340. 

500. 

45-2 

36.8 

3S. 

4»5- 

*v^i-::\ 

60.5 

40.0 

3S- 

550. 

IIOO. 

' 

Feet. 

870. 
1675. 

»554. 
650. 

1830. 
1085. 


>935. 
1940. 
1940. 
Il5». 
1150. 


Muzzle 
Energy. 

Ft. -tons. 

«3- 
263. 

335- 
58. 


1000. 
857. 

7787. 
X5000. 
9O000. 

5796. 
7334 


No.  of  Guns,  etc. 


Or"d. 


:.i 


too 

I* 

it 


II 
II 


35 
34 
26 

74 

I 


Comp'd. 


t 

75 
I 

I 


I     • 


2000. 

915. 

35 

2  2:;0. 

1754- 

27 

oooo. 

1664. 

9 

aooo. 

«774- 

125 

2080. 

3000. 

1 

2150. 

3204. 

9 

2000. 

6934.  ' 

37 

2080. 

7500.  > 

2000. 

13870. 

26 

2100. 

25985- 

8 

2100. 

32862. 

19 

2 

107 

I 

«5t 

8 
I 


*  Orders  for  24  guns  await  completion  of  tests  of  type  gun.  .;'   ^ 

t  Orders  for  i6  mortars  await  completion  of  tests  of  type  mortar.     25  of  the  8-in.,  50  O^  tW  lO'in.,  and  25  of  the  iz-in.  will  be  «ddcd   to  the  above  next 
month,  when  bids  will  he  opened  for  their  construction  by  private  contract. 

X  Including  six  guns  of  Mark  III.    Two  8-in.  guns  of  40  calibres  length  have  been  designed. 
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completed  to  date.  With  the  exception  of  a  few  4-in.  guns, 
the  Navy  Ordnance  Bureau  has  ordered  all  the  guns  that 
are  necessary  for  the  armament  of  all  the  vessels  thus  far 
authorized  by  Congress. 


STEAM  CARRIAGES  ON  COMMON  ROADS. 


In  the  June  number  of  the  Journal,  page  286,  there 
was  published  an  illustration  of  a  steam  carriage,  invented 
and  built  in  France  by  M.  Serpollet,  for  use  on  common 
roads.  In  the  description  this  was  referred  to  as  a  revival 
of  an  old  idea.  Some  correspondents  having  taken  excep- 
tion to  this,  we  reproduce  here,  from  our  old  files,  two 


ried  up  to  200  lbs.  The  speed  on  the  journey  varied  from 
10  to  14  miles  on  a  level ;  seven  miles  was  reached  on  a 
hill. 

The  second  engraving  is  from  the  Railroad  Journal 
of  November  17,  1832,  and  shows  a  steam  carriage  built 
by  Walter  Hancock  to  run  between  London  and  Green- 
wich. At  that  date  it  was  stated  that  the  inventor  had 
been  running  it  experimentally  about  a  year,  and  had  been 
for  a  month  working  it  regularly  on  the  road  for  hire. 
The  boiler  was  a  special  feature  of  this  carriage  ;  it  was  a 
sectional  or  tubulous  boiler,  composed  of  tubes  connected 
at  top  and  bottom  and  held  together  by  bolts  ;  these  tubes 
were  surrounded  by  a  cylindrical  iron  casing,  in  the  bot- 
tom of  which  was  the  fire-box.  This  boiler,  the  inventor 
stated,  had  been  tested  up  to  a  pressure  of  400  lbs.,  but  in 


OGLE    &    SUMMERS'\STEAM    CARRIAGE. 
Kepfinted  from  the  Railroad  Journai,  of  A^ov ember  10,   1832. 


illustrations  showing  steam  carriages,  for  their  information 
and  for  the  benefit  of  our  readers  generally  as  a  bit  of  his- 
tory. 

The  first  illustration  is  from  the  Railroad  Journal 
for  November  10,  1832  (Volume  I,  No.  46),  and  shows  a 
steam  carriage  invented  and  built  in  England  by  Messrs. 
Ogle  &  Summers.  From  the  account  given,  it  appears 
that  this  carriage  actually  made  the  trip  from  Southamp- 
ton to  Oxford  and  from  Oxford  to  Birmingham,  on  the  lat- 
ter trip  carrying  22  passengers.  The  figures  or  numbers 
of  reference  on  the  plate  are  explained  as  follows  :  "  i. 
Helm  by  which  the  carriage  is  guided.  2,  Seat  for  the 
conductor.  3,  Coupe,  like  French  diligences,  for  four  per- 
sons. 4,  Seat  for  outside  passengers.  5,  Hand-pump  for 
filling  tanks.  6,  Seat  for  engineer.  7,  Pipe  for  surplus 
steam.  8,  Jigger  by  which  the  furnace  is  fed.  9,  Flue  or 
chimney.  10,  Boiler.  11,  Furnace.  12,  Blower,  worked 
by  a  strap  around  the  axle.  13,  Water  tank.  14,  Brake, 
regulated  by  a  lever  on  the  conductor's  seat.  15,  Carriage 
for  eight  inside.  15,  Wheels,  very  strong  ;  the  spokes  not 
here  marked.  16,  Springs  on  which  the  machinery  rides. 
17,  Springs  on  which  the  carriage  rests.  18,  Frame  con- 
necting whole."  19.  Machinery  under  the  carriage.  20, 
Ash-box  under  the  furnace.  21,  Pump  by  which  the  en- 
gine forces  water  into  the  tanks.  22,  Piston  for  working 
the  pump." 

'  No  particular  description  of  the  machinery  is  given,  ex- 
cept that  there  were  two  cylinders,  12J  in.  in  diameter, 
and  the  success  of  the  carriage  was  attributed  largely  to 
the  boiler,  which  was  very  strong  but  light,  and  had  a 
large  heating  surface  for  its  size.     The  pressure  was  <:4r- 


ordinary  working  he  used  from  70  to  100  lbs.  Of  the 
machmery  no  description  is  given  ;  but  apparently  the 
cylinders  were  connected  to  the  rear  axle,  the  steering 
being  done  from  the  front  axle  by  a  chain  and  pulleys. 
The  engine  and  boiler  were  carried  on  the  back  end  in  a 
large  compartment,  the  front  part  consisting  of  two  coupCs 
for  passengers. 

These  carriages  disappeared  when  actual  trial  had 
proved  that  steam  power  could  be  applied  to  very  much 
better  advantage  on  a  railroad,  and  the  Liverpool  &  Man- 
chester Railroad  trials  may  be  said  practically  to  have  put 
an  end  for  the  time  to  further  experiments  on  steam  car- 
riages for  common  roads. 

At  present  we  have  nothing  to  show  what  was  the  sub- 
seijuent  history  of  these  two  steam  carriages.  It  would 
be  interesting  to  know  how  long  they  continued  in  use  and 
what  finally  became  of  them. 

Making  some  allowance  for  the  imperfections  of  the  old 
engraving,  and  for  some  change  in  fashion  of  carriages, 
the  Ogle  &  Summers  carriage  does  bear  a  family  resem- 
blance to  M.  Serpollet's  new  device.  Probably  the  idea 
will  come  up  again  from  time  to  time,  and  some  day  it 
may  come  into  use  ;  but  progress  is  to  be  made  now  by 
small  improvements  in  the  engine  and  generator.  The 
general  idea  was  certainly  not  new  even  in  1832,  for  it 
antedates  the  first  railroad  by  many  years. 

That  it  has  been  revived  in  this  country  as  well  as 
abroad,  the  Patent  Office  records  will  show.  Some  engineers 
will  perhaps  remember  also  a  steam  carriage  which  was 
built  about  1858-61,  by  an  artist  named  Fisher,  in  New 
York,  but  never  quite  reached  the  point  of  successful  work. 
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NOTES  ON  COMBUSTION. 


By  C.  Chomienne.  Engineer, 


I. — PRELIMINARY   DEFINITIONS. 

Chemical  combinations  are  generally  accompanied  by 
a  greater  or  less  disengagement  of  heat. 

When  they  proceed  slowly,  as  when  iron  is  oxidized  in 
th^  air,  the  heat  disengaged  is  not  sensible,  but  if  they 
proceed  quickly  the  disengagement  of  heat  is  very  intense 
and  we  have  then  combustion. 

What  we  call  combustion  includes  all  chemical  com- 
binations in  which  there  is  a  simultaneous  disengagement 
of  heat  and  light.  In  the  combustion  which  wc  find  in 
ordinary  fire-boxes  carbon  and  hydrogen  combine  with 
the  oxygen  of  the  air. 


There  are  two  kinds  of  combustion,  the  complete  or 
total  and  incomplete  or  partial. 

In  complete  or  total  combustion  the  carbon  is  trans- 
formed into  carbonic  acid  and  the  hydrogen  into  water, 
and  there  is  complete  oxidation. 

In  partial  combustion  we  simply  transform  the  carbon 
into  carbonic  oxide.  We  decompose  water  and  the  ternary 
compounds  of  certain  combustibles  into  a  mixture  of 
hydrogen,  more  or  less  carburetted,  and  of  carbonic 
oxide. 

In  this  way  we  obtain  gases  which  are  very  combustible 
and  which  in  their  turn  serve  for  the  production  of  heat. 
The  apparatus  in  which  this  transformation  is  effected  are 
called  gas  generators,  and  the  operation  itself  gasification 
of  solid  or  liquid  combustibles.  We  use  this  process 
whenever  a  gaseous  fuel  is  more  useful  or  more  convenient 
than  the  ordinary  fuel. 


HANCOCK'S   STEAM   CARRIAGE. 
Reprinted  from  the  Railroad  Journal  of  November  17,  1832. 


There  are  nevertheless  combustions  in  which  oxygen 
has  no  part.  For  instance,  if  we  place  antimony  in  a 
finely  divided  state  in  a  flask  filled  with  chlorine,  it  will 
unite  with  the  chlorine  with  an  active  production  of  heat 
and  light  and  will  form  chloride  of  antimony. 

A  combustible  in  the  ordinary  acceptation  of  the  term 
is  a  combination  of  carbon  which  may  be  solid,  liquid,  or 
gaseous,  and  which  when  combined  with  oxygen,  pro- 
duces the  phenomenon  of  heat. 

Generally  speaking,  the  development  of  heat  is  accom- 
panied by  flame,  because  the  substance  produced  by  the 
combustion  is  gaseous  ;  such  is  the  case  with  coal. 

Combustion,  however,  is  not  necessarily  accompanied 
by  flame  or  even  by  a  setting  free  of  heat.  For  instance, 
magnesium  burns  with  a  considerable  disengagement  of 
heat  or  light  but  without  flame,  because  the  product  of 
combustion  is  not  a  gaseous  body  but  a  solid  one,  oxide 
of  magnesium.  In  the  same  way  iron  in  a  very  finely 
divided  state  plunged  in  oxygen  produces  also  the  phe- 
nomena of  heat  and  of  light,  but  without  flame,  because 
the  result  of  combustion  is  oxide  of  iron. 

If  the  same  iron  in  a  lumo  is  exposed  to  a  moist  atmos- 
phere it  will  not  burn,  but  it  will  be  gradually  converted 
into  oxide  as  in  the  first  case.  Here  we  have  combustion 
without  the  phenomena  of  heat  and  light,  but  nevertheless 
if  we  consider  the  case  carefully  we  will  see  that  heat  is 
produced  and  that  this  quantity  of  heat  is  precisely  equal  to 
that  obtained  more  rapidly  when  the  iron  is  exposed  to 
oxygen  in  the  condition  of  fine  powder  ;  but  in  the  second 
case  the  heat  is  developed  very  slowly  and  is  dispersed 
as  soon  as  produced,  while  in  the  first  the  rapidity  of  pro- 
duction is  greater  than  that  of  dispersion,  and  the  heat 
developed  serves  to  make  the  mass  red-hot  and  to  produce 
th«  phenomenon  of  light. 


Combustibles  or  fuels  are  divided  into  three  classes  : 

1.  Solid  fuels,  which  are  the  most  numerous  and  the 
most  generally  employed. 

2.  Liquid  fuels. 

3.  Gaseous  fuels. 

We  distinguish  also  natural  and  artificial  fuels.  Nat- 
ural fuels  are  those  which  are  found  already  in  nature, 
such  as  vegetable  fuels,  like  wood  or  turf,  and  mineral 
fuels,  like  lignite,  coal,  and  anthracite  or  hard  coal. 
These  mineral  fuels  have  a  vegetable  origin,  and  their 
composition  is  generally  nearer  to  that  of  wood  or  turf,  as 
the  strata  in  which  they  are  embedded  are  of  more  or  less 
recent  origin. 

The  combustion  which  is  most  used  is  that  which  re- 
sults from  carbon  in  the  state  of  coal.  In  most  cases  it  is 
found  in  considerable  quantities,  and  the  price  is  gener- 
ally lower  than  that  of  any  other  fuel. 

The  combustion  of  coal  is,  then,  that  which  we  must 
consider  in  order  to  see  how  it  proceeds  when  it  is  used  to 
make  steam  through  the  medium  of  an  ordinary  grate, 
and  to  ascertain  what  is  the  best  and  most  economical 
method  of  using  it. 

II,— THE  COMPOSITION  OF  COAL. 

As  coals  of  all  sorts  may  be  used  to  burn  in  fire-boxes  of 
steam  boilers,  it  is  of  considerable  importance  to  know 
their  composition  and  the  manner  in  which  they  behave 
in  the  fire.  The  best  classification  seems  to  be  that 
adopted  by  Griiner  in  his  study  on  the  Coal  Basins  of  the 
Loire.  He  divides  them  into  five  types,  according  to  the 
nature  and  proportion  of  the  fixed  carbon,  following  rather 
the  analysis  by  distillation  than  the  ordinary  elementary 
analysis.     These  five  classes  are  as  follows  :  ^^^ 
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1.  Dry  coals  with  long  flame.  These  have  from  75  to 
80  parts  cf  carbon,  and  will  furnish  from  50  to  59  per  cent, 
of  carbon  in  rapid  combustion. 

2.  Oily  coals  with  long  flame,  or  gas  coals.  These 
have  from  80  to  85  parts  of  carbon,  and  will  furnish  from 
59  to  67  per  cent,  of  their  weight  in  carbon  for  rapid  con- 
sumption. 

3.  Ordinary  soft  coals  or  forge  coals.  These  have  from 
84  to  89  parts  of  carbon  in  composition,  and  will  furnish 
from  67  to  74  per  cent,  in  the  fire. 

4.  Soft  coals  with  short  flame  or  coking  coals.  These 
have  from  88  to  91  parts  of  carbon  in  composition,  and 
will  furnish  from  74  to  82  per  cent,  in  the  fire-box. 

5.  Hard  coal  or  anthracite,  haying  from  90  to  93  parts 
of  carbon  and  furnishing  fro«i,S2  to  90  per  cent,  of  carbon 
in  the  fire. 

It  will  be  seen  that  the  proportion  of  fixed  carbon  varies 
from  50  to  90  per  cent.,  and  the  elementary  composition 
varies  between  the  following  extreme  limits  :  Carbon,  75 
to  93  parts  ;  hydrogen,  6  to  4  ;  oxygen,  19  to  3. 

In  general,  it  may  be  said  that  the  heatmg  power  of  coal 
increases  in  ratio  to  the  amount  of  carbon.  In  other 
words,  it  is  in  direct  proportion  to  the  carbon  which  is  dis- 
engaged in  distillation.  The  more  oxygen  the  coal  con- 
tains, the  more  its  heating  power  diminishes.  Anthracite 
coal,  for  instance,  has  a  very  high  heating  power,  but  it 
is  lighted  with  difficulty,  aniLsometimes  requires  special 
apparatus  for  starting  the  fire  and  for  draft.  These  coals 
burn  well  only  when  broken  up  within  certain  limits  of 
size,  and  ordinary  draft  is  not  usually  sufficient,  forced 
draft  or  high  chimney  stacks  being  necessary.  It  burns 
without  smoke  with  a  short  flame,  and  the  fire  is  usually 
of  an  intense  and  very  bright  red. 

The  softer  coals  generally  contain  a  quantity  of  carbon 
in  the  gaseous  state  in  combination  with  hydrogen.  Solid 
carbon  in  assuming  a  gaseous  form  requires  sensible  heat 
and  latent  heat,  as  water  does  when  it  is  transformed  into 
steam.  The  latent  heat  already  exists  in  the  gaseous 
carbon  which  is  contained  in  coal,  and  there  is  no  need  to 
furnish  this  in  the  fire-box.  This  explains  the  superiority 
of  soft  coals  with  a  short  flame,  and  in  general  the  coals 
containing  little  oxygen.  They  have  the  property  of  de- 
veloping intense  heat  in  the  fire-box,  and  are  much  desired 
for  use  as  steam  coals.  Their  value  depends  on  the  state 
of  cohesion  and  also  to  some  extent  on  the  coking  power 
— that  is,  the  extent  to  which  the  coal  will  fuse  and  run 
together  under  the  action  of  a  high  degree  of  heat. 

In  general  coal  has  less  coking  power,  as  it  includes  a 
larger  proportion  of  oxygen,  and  greater  coking  power  as 
the  proportion  of  hydrogen  is  relatively  increased.  Its 
value  also  is  less,  other  things  being  equal,  as  the  propor- 
tion of  cinder  is  greater.  The  richer  a  coal  is  in  carbon 
the  greater  usually  is  its  density.  Something,  therefore,  will 
be  indicated  by  the  weight  as  to  its  value  as  a  combustible. 

We  have  already  stated  that  carburets  increase  the 
heating  power  of  the  coal  very  considerable  by  reason  of 
the  free  carbon  which  they  contain.  We  are  not  surprised 
then  to  find  that  we  obtain  a  high  heating  power  with 
coal  containing  earthy  matters,  provided  they  are  rich  in 
what  we  may  call  coal-tar.  However,  there  are  certain 
results  which  we  have  tried  in  vain  to  explain.  For  in- 
stance, we  may  take  two  coals  having  the  same  element- 
ary composition,  but  which  give  entirely  different  results 
in  combustion  ;  the  most  simple  and  only  reliable  way  is 
to  try  them  in  the  fire-box  before  judging  of  their  value. 

The  cinder  resulting  from  the  combustion  of  coal  has 
during  its  period  of  formation  inconveniences  more  or 
less  serious,  depending  on  the  nature  of  the  coal  and  the 
composition  of  the  cinder  itself.  If  the  coal  is  soft  or 
oily,  that  is  to  say,  of  a  kind  which  develops  a  sufficiently 
intense  heat,  the  cinders  will  melt  and  run  together  upon 
the  grate,  preventing  air  from  passing  through  freely  ;  the 
fire  will  be  poor  and  it  will  become  necessary  to  break  up 
the  cinder  or  slag. 

*^  Hard  coals  with  little  flame  do  not  generally  fuse  the 
earthy  matters  mixed  with  them,  and,  on  the  other  hand, 
they  generallv  contain  a  very  small  proportion  of  gaseous 
carburets.  The  heat  in  the  fire-box  is  less  intense  and  is 
not  sufficient  to  melt  or  fuse  the  cinders,  and  they  will 
generally  fall  through  the  grate  without  clogging  or  clos- 


ing it.  Something,  however,  depends  upon  the  composi- 
tion of  the  cinders  themselves.  Generally  they  contain 
silica,  alumina,  lime,  oxide  of  iron,  etc.,  in  variable  pro- 
portions. Silica  and  alumina  will  not  form  a  fusible  com- 
pound. If  the  silica  is  mixed  with  lime,  the  cinders  are 
apt  to  become  caked,  and  when  they  contain  iron  they 
will  melt  and  become  more  fusible  as  the  proportion  of 
the  iron  is  greater  ;  thus  coal  containing  pyrites  is  espe- 
cially troublesome  and  apt  to  block  up  the  grates. 

Cinders  may  be  divided  into  fusible  and  infusible. 

White  or  light  colored  cinder  is  generally  infusible  and 
separates  from  the  fire  in  the  state  of  fine  powder.  Col- 
ored cinders,  especially  those  which  contain  iron  and  lime, 
are  apt  to  melt  or  to  run  off  without  interfering  with  com- 
bustion. The  most  unfavorable  case  is  that  of  cinders 
which  may  be  called  demi-fusible.  It  is  this  which  cakes 
and  fills  up  the  cavities  in  the  grate,  assuming  the  form  of 
slag,  which  is  often  very  hard  and  difficult  to  break  up. 

The  best  results  both  in  avoiding  trouble  with  the  cinder 
and  in  securing  a  good  fire,  is  arrived  at  by  using  a  com- 
position of  different  coals.  It  often  happens  that  the  mix- 
ture of  softer  and  harder  coal  gives  better  results  than 
can  be  obtained  with  either  one  separately. 

Most  coal  contains  a  greater  or  less  proportion  of  sul- 
phur, which  is  usually  found  in  the  state  of  iron  pyrites. 
Too  high  a  proportion  of  this  injures  a  coal  for  combus- 
tion, because  in  the  fire-box  the  sulphurous  acid  which  is 
produced  combines  with  steam  and  is  transformed  into 
sulphuric  acid,  which  rapidly  corrodes  the  iron  or  steel 
plates  of  the  fire-box.  This  action  is  increased  very  much 
where  there  is  a  light  leak,  for  instance,  along  the  lines 
for  rivets.  Corrosion  will  then  become  very  rapid  and 
the  boiler  will  degenerate  quickly.* 

III.— HEAT   RESULTING   FROM  THE    COMBUSTION  OF  COAL. 

The  calorific  power  of  a  combustible  is  the  amount  of 
heat  developed  during  its  combustion  by  a  unit  of  weight. 
It  is  the  principal  element  in  its  industrial  value  which  is 
counted  in  units  of  heat  or  calorics.  The  caloric  repre- 
sents the  heat  which  a  unit  of  weight  of  water  absorbs 
when  its  temperature  is  increased  1°  Centigrade. 

When  we  say  that  a  certain  fuel  has  a  calorific  power 
of  8,000  calorics,  we  understand  by  that  one  kilogram  of 
that  fuel  can  raise  the  temperature  of  8,000  kg,  of  water 
I-  ;  it  being  understood  that  the  combustion  is  complete, 
and  that'the  heat  developed  has  been  applied  entirely  to 
heating  the  water. 

A  large  number  of  careful  experiments  recently  made 
at  Miilhouse  have  showed  that  the  heat  of  combustion  of 
coal  is  very  variable  and  cannot  be  predicted  beforehand, 
sometimes  being  greater  than  the  calculated  amount, 
sometimes  falling  below.  It  can  only  be  said  that  the 
heat  developed  by  combustion  is  almost  always  greater 
than  that  calculated  by  the  old  formulas,  and  often  greater 
than  that  theoretically  due  to  the  combustion  of  the  total 
carbon  and  hydrogen  contained.  The  only  method, 
therefore,  to  correctly  ascertain  the  heat  developed  is  to 
burn  it  in  a  calorimeter. 

M.  Cornut.  who  has  made  many  experiments,  has  pro- 
posed that  we  consider  the  carbon  as  divided  into  two 
parts  :  one  fixed,  which  forms  coke,  and  the  other  volatile, 
which  is  disengaged  when  coal  is  distilled.  Many  other 
formulas  and  methods  have  been  proposed,  but  without 
proceeding  into  a  complete  analysis  of  all  of  them,  we 
may  say  that  so  far  it  has  not  been  possible  to  draw  any 
theoretical  conclusion  from  a  comparison  of  results  ob- 
tained in  the  calorimeter  with  those  furnished  by  the 
formulas  ;  and  that  the  conclusions  based  upon  the  chemi- 
cal composition  of  coal  seem  to  be  unreliable.  All  that 
we  can  say  is  that  the  more  hydrogen  a  coal  contains  and 
the  more  water  is  formed  in  burning,  the  greater  the 
difference  between  the  figures.f 

IV. — THE  GRATE. 

The  surface  of  the  grate  must  be  in  proportion  with  the 
quantity  of  coal  to  be  burned.     When  it  is  too  small  it 

*  A  number  of  tables  whicb  are  given  in  the  original  paper  show  the  com- 
position of  different  co.ils,  and  are  not  repeated  here,  since  lliey  relate  entirely 
t*  the  product  of  different  local  mines  and  have  no  application  here. 

t  The  theoretical  portions  of  this  section  of  the  article  has  been  considerably 
condensed,  for  the  reason  that  most  of  the  formulas  given  relate  especially  to 
coals  of  local  production  and  might  not  be  applicable  in  this  country. 
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will  be  necessary  to  clean  up  the  fire  frequently  ;  if  it  is 
too  large,  the  layer  of  fuel  becomes  too  thin,  and  part  of 
the  air  will  pass  directly  through  the  fire  and  will  have 
the  effect  of  cooling  off  the  boiler.  Moreover,  the  fire  will 
be  uneven  and  the  combustion  will  vary  at  different  points. 

The  grate  surface  varies  also  with  the  kind  of  boiler 
and  more  especially  with  the  kind  of  coal. 

For  natural  draft  there  is  usually  a  consumption  varying 
between  0.50  and  i  kg.  About  0.75  kg.  per  hour  and 
per  square  decimeter  of  grate  surface  is  the  average  figure 
which  applies  very  well  to  ordinary  soft  coals.  For  coke, 
turf,  or  wood  the  figures  will  vary.  The  consumption  of 
coke  will  vary  between  i  and  2  kg.  per  square  decimeter 
of  grate  surface  per  hour,  accordmg  to  the  intensity  of 
the  draft.  In  marine  boilers,  where  forced  draft  is  used, 
the  consumption  varies  from  2  to  2^  kg.,  and  in  locomo- 
tives, where  the  draft  varies  from  25  to  75  mm.  pressure, 
the  consumption  will  vary  between  2  and  3J  kgs. 

The  grate-bars  should  be  narrow  and  placed  close  to- 
gether in  order  to  permit  the  passage  of  as  much  air  as 
possible  and  to  distribute  it  regularly  through  the  fuel. 
The  finer  the  coal  employed  the  closer  the  bars  should  be. 
The  dimensions  most  generally  adopted  for  ordinary  coal, 
well  broken  up,  is  to  make  the  bars  from  12  to  15  mm. 
wide  with  spaces  of  from  5  to  7  mm.  between.  Their 
depth  at  the  center  should  be  from  100  to  150  mm.  and  at 
the  end  60  mm.  In  this  way  we  obtain  as  complete  a 
division  as  possible  of  the  air  used  in  combustion,  the 
grate-bars  are  less  exposed  to  being  burned  and  will  last 
longer.  For  wood  and  for  lump  coal  which  does  not 
break  up  much,  the  interval  between  the  bars  can  be  in- 
creased to  10  or  12  mm.,  and  the  thickness  of  tiie  bars 
themselves  to  25  mm.  In  some  places  grates  are  used  of 
flat  bars  of  iron,  1x8  mm.  in  section,  riveted  to  cross- 
bars in  such  a  way  as  to  leave  an  opening  equal  to  the 
width  of  the  bar.  With  this  system  coal  of  any  size  can 
be  burned  without  losses  by  sifting  through. 

A  length  of  1.80  m.  should  not  be  passed  ;  beyond  that 
the  maintenance  of  the  fire  become  difficult  and  hard  for 
the  fireman.*  Some  engineers  do  not  wish  to  go  beyond 
1.60  m.  and  prefer  to  make  the  grate  wider  in  order  to 
obtain  the  necessary  surface.  In  exceptional  cases  the 
grate  is  made  as  much  as  2.20  m.  in  length,  but  in  such 
cases  it  is  necessary  to  put  in  additional  bearers,  so  that 
the  grate-bars  will  not  be  too  long. 

in  boilers  furnished  with  re-heaters  or  combustion 
chambers  these  large  grates  have  the  advantage  of  being 
favorable  for  a  strong  draft,  for  then  there  is  sufficient 
surface  to  absorb  the  heat  generated. 

The  width  of  the  grate  must  be  determined  by  the  size 
of  the  boilers. 

The  grate  should  be  from  0.30  to  0.55  m.  from  the  near- 
est point  of  the  heating  surface,  according  to  the  size  of 
the  boiler,  in  order  to  prevent  the  cooling  or  breaking  up 
of  the  flame  by  too  direct  contact  with  the  heating  sur- 
face. When  the  distance  of  the  fire-box  from  the  boiler 
is  too  great,  the  gases  rising  vertically  are  not  well  mixed 
and  the  radiating  effect  is  diminished. 

At  the  end  of  the  grate-bars  some  play  should  be  left  to 
admit  of  their  expansion.  This  is  0.0012  at  the  temper- 
ature of  100°,  or  at  500°  it  would  be  0.006. 

Grates  are  generally  placed  horizontally,  but  where  ex- 
terior fire-boxes  are  used  an  inclination  varying  from  i  in 
8  to  I  in  10  toward  the  back  end  is  frequently  given,  and 
the  same  practice  is  sometimes  followed  in  locomotives. 
This  arrangement  has  the  advantage  of  leaving  more 
space  for  the  development  of  the  flame  without  decreasing 
the  opening  for  ashes  and  of  giving  more  space  for  the 
entrance  of  air. 

The  height  of  the  grate  in  a  stationary  boiler  should  be 
such  as  to  admit  of  the  easiest  work  in  making  up  the  fire 
and  in  cleaning  out,  in  order  to  make  the  work  of  the 
firemen  as  light  as  possible. 

A  grate  of  2  sq.  m.  surface  should  be  considered  as  a 
maximum  which  we  ought  not  to  pass  in  practice.  If  a 
larger  surface  is  needed,  it  is  better  to  employ  several  fire- 
boxes and  several  grates. 

*  This  length  (about  6  ft.)  is  often  passed  in  this  country,  especially  in  loco- 
motive boilers  where  anthracite  coal  is  burned  and  where  in  some  cases  the 
fire-box  is  from  lo  to  i^  ft.  in  length.  It  does  not  follow,  however,  that  such 
long  fire-boxes  are  advisable. 


Soft  coal  burning  with  a  long  flame  and  rich  in  hydrogen 
needs  a  longer  grate  and  one  placed  at  greater  distance  from 
the  heating  surface.  Inclined  grates,  where  the  fire  is 
fed  automatically  either  by  hoppers  or  by  a  screw  device 
which  deposits  the  coal  upon  the  grate,  have  the  great 
defect  that  the  distance  of  the  fire  from  the  heating  surface 
is  increased,  this  diminishing  the  important  action  of 
direct  radiation.  Such  devices  can  only  be  economical  in 
a  few  special  cases,  and  their  general  use  is  not  advised. 

V. — TO  CALCULATE  THE  DIMENSIONS  OF  A  GRATE. 

If  we  assume  s  =  the  grate  surface  desired  ;  p  =  the 
weight  of  fuel  burned  per  square  meter  per  hour  ;  and 
N  =  the  calorific  power  of  the  fuel,  the  weight  of  the  fuel 
burned  per  hour  will  be  /  s,  and,  if  the  combustion  is 
complete,  the  heat  disengaged  will  be  /  j  iV. 

But  the  heat  actually  utilized  is  much  less,  owing  to 
incomplete  combustion,  cooling  of  the  fire-box  and  the 
disengagement  of  gases  of  combustion  at  a  high  temper- 
ature ;  it  follows,  therefore,  that  we  can  utilize  only  a 
fraction  of  the  theoretical  total  heat.  This  fraction  we 
can  call  the  resultant,  and  indicate  it  by  r  /  in  practice  it 
varies  from  0.50  to  0.80. 

If,  then,  we  have  to  produce  a  quantity  of  heat  repre- 
sented by  X,  we  will  have  : 

X=  rp  s  N. 

Suppose  that  we  have  to  produce  1,000  kg.  of  steam  per 
hour.  The  number  of  calorics^  or  units  ot  heat,  neces- 
sary to  vaporize  to  a  temperature  of  f  one  kilogram  of 
water  taken  at  f°  is  given  by  the  formula 

n  =  606.5  4-  0.365  /  —  f. 

For  steam  at  a  pressure  of  5  atmospheres,  /  —  152°.*  If 
the  temperature  of  the  feed  water  is  12°,  y/e  have, 

n  =  606.5  -f  0.305  X  152  —  12  =  640.86, 

and  therefore, 

X  =  1000  X  640.86  =  640,860  calorics. 

If  we  assume  a  resultant  r  =  0.60,  and  if  we  use  a  coal 
having  a  heating  power  N  =  7000  calorics,  we  will  have  : 

640.860  =  0.60  X  .^  J  X  7000 

P  s  =z  152.5. 

If  we  assume/  =  75  kg.,  then 


152-5 
75' 


=  2.03  sq.  meters. 


This  gives  us  the  grate  surface  desired.  If  we  make 
the  length  of  the  grate  1.80  m.,  the  width  will,  of  course, 
be  2.03  -^  1.80  =  1. 12  m. 

VI. — THE  ASH-PAN. 

The  ash-pan  or  ash-box  is  the  space  below  the  grate 
into  which  the  ashes  and  cinders  should  fall.  It  is  im- 
portant that  it  should  have  such  a  depth  that  the  hot  ashes 
and  burning  cinders  which  fall  into  it  will  not  radiate  too 
much  heat  on  the  low^er  side  of  the  grate.  If  the  depth  is 
not  sufficient  the  grate-bars  will  be  between  two  fires,  and 
be  quickly  destroyed,  so  that  frequent  renewal  will  be  re- 
quired. A  very  common  practice  is  to  place  in  the  bot- 
tom of  the  ash-box  a  cast-iron  pan  which  is  filled  with 
water.  The  object  of  this  is  to  extinguish  and  cool  the 
cinders  which  fall  from  the  grate  and  to  prevent  any  in- 
jurious effect  on  the  bars.  Moreover,  the  surface  of  this 
pan  of  water  has  the  advantage  of  showing  the  fireman 
the  state  of  combustion  on  the  grate  by  reflection.  If  the 
reflected  light  is  irregular  and  there  are  black  patches,  it 
shows  that  the  combustion  is  imperfect  in  corresponding 
parts  of  the  grate,  and  the  fireman  should  look  carefully 
at  his  fire  in  order  to  level  off  the  bed  of  coal. 

The  ash-box  must  be  provided  with  doors  conveniently 
arranged,  which  can  be  shut  when   necessary.      These 


*  The  temperatures  here  given  are  on   the  Centigrade   scale, 
them,  152'  Cent.=305.6*  Fahrenheit,  and  12°  Cent. =53.6*  Fahr. 
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doors  serve,  with  the  damper,  to  prevent  too  great  a  cir- 
culation of  air  in  the  boiler  when  the  fire  is  damped  down 
for  the  night,  for  instance,  or  when  it  is  not  in  active  use, 
and  will  keep  the  fire  in  condition  to  come  up  quickly 
when  it  is  again  needed,  thus  effecting  economy  of  both 
time  and  coal. 

(TO  BE  CONTINUED.) 


THE    MEXICAN     CENTRAL    COMPOUND    LOCO- 
MOTIVE. 


The  accompanying  cut  shows  the  general  appearance  of 
the  compound  locomotive  with  which  the  trials  on  the  Mex- 
ican Central  Railroad  were  made,  as  described  by  Mr.  F. 
W.  Johnstone,  the  Superintendent  of  Motive  Power,  in  the 
June  number  of  the  Journal.  As  then  stated,  the  engine 
was  of  the  consolidation  type,  with  20  x  24  in.  cylinders  and 
50  in.  drivers.  It  was  changed  to  a  compound  by  putting  in 
new  cylinders,  arranged  on  the  plan  devised  by  Mr.  John- 
stone, the  high-pressure  cylinder,  14  x  24  in.,  being  inside 
and  the  low-pressure  cylinder  forming  a  ring  outside  it. 
As  the  best  way  of  showing  this  arrangement,  we  reprint 
herewith  the  diagram,  fig.  i,  showing  a  section  through  the 
cylinders  and  steam-chest.       The   total   diameter  of  the 


Fig.  I. 

low-pressure  cylinder  is  30I  in.,  its  area,  after  deducting 
the  space  taken  by  the  high-pressure,  being  equivalent 
to  that  of  an  ordinary  cylinder  24}  X  24  in.  The  ratio 
between  the  two  cylinders  is  1:3. 

The  methods  adopted  in  making  the  tests  and  the  results 
obtained  were  fully  described  last  month.  These  results 
were  so  good  that  the  company  has  decided  to  change  a 
number  of  its  engines  in  the  same  way,  and  is  having 
several  new  ones  of  the  same  pattern  built. 


THE  AVERAGE  OBSERVER. 


The  following  article,  which  is  sent  by  a  contributor  to 
the  English  Mechanic,  though  not  strictly  scientific,  is 
very  interesting,  and  will  no  doubt  confirm  the  e.xperience 
of  many  of  our  readers  : 

My  general  attitude  of  caution  in  all  matters  of  average 
testimony  secures  for  me  so  much  misunderstanding,  that 
it  is  quite  refreshing  to  find  my  views  shared  by  sounder 
judgments  than  my  own. 

The  following  record  of  a  series  of  experiments  made  to 
test  the  reliability  of  "  the  average  observer"  may  interest 
some  of  your  readers,  especially  as  I  believe  no  such  data 
are  on  record.  I  suppress  the  names  of  the  participants, 
but  they  are  at  the  disposal  of  any  scientific  reader  who 
desires  corroboration  of  my  notes. 

The  circumstances  which  gave  rise  to  the  experiment 
were  these  :  In  January,  1882,  a  civil  action  was  tried  in 


the  Queen's  Bench.  In  it  an  important  question  turned 
on  what  really  took  place  at  a  certain  interview  at  which 
five  persons  were  present.  It  was  alleged  by  the  plaintiff 
that  on  the  occasion  in  question  he  entered  a  room  carry- 
ing in  his  hand  a  sheet  of  foolscap  rolled  longitudinally  ; 
that  he  laid  it  upon  the  table  in  the  sight  of  all  present, 
and  that  once  during  conversation  he  distinctly  indicated 
it  by  a  gesture.  This  story  was  corroborated  in  the  main 
by  two  gentlemen,  disinterested  parties  in  the  action,  but 
was  totally  denied  by  two  others,  equally  disinterested. 
The  jury  delivered  the  defendant's  version. 

These  facts,  and  the  discussion  they  excited  among  cer- 
tain friends,  induced  me  to  carry  out  the  following  experi- 
ments one  evening  after  dinner.  I  asserted  the  broad 
proposition  that  I  should  enter  the  room,  remain  an  in- 
definite number  of  minutes,  perform  distinct  actions,  and 
make  distinct  remarks,  and  that  in  no  case  would  all  of 
the  seven  observers  present  agree  in  describing  accurately, 
five  minutes  afterward,  either  in  writing  or  orally,  all  that 
I  did. 

To  insure  accuracy,  I  drew  up  privately  a  detailed  pro- 
gramme, describing  exactly  what  I  did  do,  and  held  it  in 
my  hand  for  reference.  The  conditions  were  that  I  should 
enter  the  room  twice,  performing  a  distinct  set  of  actions 
each  time,  and  that  after  an  interval  of  five  minutes  from 
the  conclusion  of  my  second  entrance,  each  person  should 
describe  in  writing  whichever  of  the  two  entries  I  indicat- 
ed. There  was  to  be  no  prompting,  and  no  amending 
what  was  once  written.  A  description  of  my  first  entry 
will  give  an  idea  of  the  character  of  the  experiments. 

Entered  room,  carrying  book  in  right  hand  ;  advanced 
toward  table  ;  slightly  moved  chair  ;  sat  down  in  it  long 
enough  to  open  book  ;  read  aloud  title-page  ;  remarked, 
"  This  is  from  Jones's  collection  ;  I  have  the  original  edi- 
tion, but  the  bindings  are  shabby  ;"  rose,  carrying  book  ; 
walked  to  piano  ;  adjusted  music  on  stand  ;  asked  B.  if 
he  had  heard  Pinsuti's  latest  song  ;  laid  book  on  piano- 
lid  ;  stood  on  hearthrug  with  back  to  fire  ;  made  remark 
to  C.  ;  looked  at  watch,  and,  retaining  it  in  hand,  lett 
room,  laying  book  on  sideboard  as  I  passed,  and,  in  clos- 
ing door,  appeared  to  have  diflRculty  in  turning  handle. 
Time  occupied,  4^  minutes. 

The  second  entry  was  a  little  more  elaborate,  the  num- 
ber of  distinct  actions  being  13  ;  tjme  occupied,  6  minutes. 

I  selected  entry  No.  i  for  description.  Result  :  No  one 
described  all  I  did  ;  three  omitted  incident  at  piano  ;  two 
omitted  remark  made  on  hearthrug  ;  three  blundered 
over  order  of  procedure.  None  repeated  accurately  any 
one  remark.  In  cross-examination,  the  results  were  yet 
more  surprising.  Here  are  a  few  questions  I  asked,  with 
the  number  of  correct  replies  :  "In  which  hand  was 
book  .''" — three.  "  With  which  hand  did  I  remove  chair  ?" 
—four.  "  On  what  portion  of  the  piano-lid  did  I  place 
book  .'" — five.  "  With  which  hand  did  I  open  door  .?"  — 
four. 

Eight  other  tests  were  made,  and  36  questions  were 
asked  in  cross-examination.  To  only  three  questions  were 
the  answers  unanimous. 

It  may,  of  course,  be  objected  that  these  were  practically 
tests  of  memory,  and  to  a  large  extent  this  is  the  case. 
But  what  is  to  be  said  for  the  following  cases  of  distinct 
misperccption  ? 

The  answers  to  these  questions  were  not  given  verbally, 
but  written  down.  i.  "  Where  were  my  glasses  ?"  {pince- 
nez  attached  in  usual  way  by  cord).  A.  answered  cor- 
rectly. B.  said,  **  In  right  hand  ;"  D.,  on  nose  ;  E.,  did 
not  notice  ;  F.,  uncertain — thought  they  were  on  ;  G,, 
certain  they  were  held  in  left  hand.  They  were  in  my 
watch-pocket. 

Question  2.  '*  How  long  was  I  in  the  room  ?"  A.,  about 
ten  minutes  ;  B.,  not  ten  ;  C,  uncertain  ;  D.,  over  ten  ; 
E.,  about  fifteen  ;  F.,  from  five  to  ten  ;  G.,  uncertain — 
should  say  ten  minutes  ;  actual  time,  4^  minutes. 

I  may  here  remark  that  in  only  one  case  did  any  one 
estimate  the  duration  of  time  within  three  minutes  of  exact 
period  in  any  subsequent  test. 

Question  3.  (Asked  at  conclusion  of  8th  entry.)  "  How 
many  times  had  I  passed  within  touching  distance  of  a 
small  table  situate  in  corner  opposite  door  V  A.,  about 
five;    B.,   ditto;    C,  three;    D.,  "almost  every  time;" 
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E.,  could  not  say  ;  F.,  dubious — perhaps  three  ;  G.,  four. 
I  had  carefully  refrained  from  approaching  within  five  feet 
of  it.  In  order  to  insure  certainty  I  placed  a  mark  on  the 
door.  For  my  fourth  and  seventh  entries  I  changed  my 
dress  coat  for  a  black  cutaway  coat.  Two  ladies  noticed 
it,  but  only  one  gentleman  "  fancied  there  was  some 
change,"  Before  2d,  4th,  and  7th  entry  I  removed  my 
watch  chain — a  large  and  prominent  one.  In  answer  to 
questions  put  at  the  end  of  the  last  entry,  four  admitted 
having  noticed  its  absence,  but  no  one  could  specify  at 
which  entry  it  was  absent. 

It  must  be  admitted  by  all  that  the  conditions  under 
which  these  tests  were  made  were  unusually  favorable  for 
careful  and  accurate  observation,  for  not  only  were  all  on 
the  lookout,  but  they  practically  knew  what  to  look  for. 
If  under  such  favorable  circumstances  the  results  were  so 


the  observers  were  men  over  30,  and  all  appeared  genu- 
inely interested  in  the  experiments. 

A  feature  which  struck  me  greatly  was  the  pronencss  of 
the  observers  to  connect  an  action  in  the  later  series  with 
some  analogous  action  witnessed  earlier  in  the  evening. 
No  one  was  free  from  this  blunder.  The  sole  mispercep- 
tion  in  the  continuity  of  actions  of  which  the  bank  clerk 
and  surveyor  were  guilty  were  in  this  direction.  The 
latter  connected  an  act  in  the  8th  entry  with  one  in  the  3d  ; 
the  former  connected  the  1st  and  5th  entries.  The  large 
number  of  misses  under  the  head  of  uncertainties  is  ex- 
plainable by  the  anxiety  of  the  observers  to  approximate  a 
judicial  frame  of  mind,  as  our  legal  friend  put  it. 

I  may  add  that  the  figure  in  class  b  in  the  bank  clerk  *s 
score  is  indistinct  in  my  notes.  It  may  be  9,  but  I  give 
him  the  benefit  of  the  doubt. 
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diversified,  as  the  appended  analysis  shows,  what  is  likely 
to  be  the  average  of  reliable  results  under  conditions 
which  are  not  abnormal  ?  In  order  to  assist  in  estimating 
the  value  of  the  test,  I  give  the  profession  or  calling  of 
each  observer. 

The  number  of  distinct  actions  performed  was  176,  and 
in  the  following  table  of  results  I  divide  them  thus  :  a, 
actions  unobserved  ;  b,  actions  misdescribed — i.e.,  so  in- 
accurate as  to  convey  an  erroneous  impression  of  the  act  ; 
c,  actions  misplaced  in  order  of  sequence  ;  d.  actions 
which  were  not  remembered  or^^ot  noted  with  sufficient 
clearness  to  be  recorded  : 

Land  Surveyor a  3, 

Stockbroker rt.  5, 

Newspaper  Editor n.  2, 

Organist a.  6, 

Commercial  Man <».  5, 

Solicitor «.  3, 

Hank  Clerk  a,  8, 

An  analysis  of  this  list  might  be  interesting  if  taken  in 
relation  to  the  professional  training  of  the  percipients. 
But  for  his  excessive  caution,  the  solicitor  would  probably 
have  led  the  list.     With  the  exception  of  the  bank  clerk  all 


^.4. 

c. 

I. 

d. 

5— Total  13 

^5, 

c. 

3i 

d. 

5— Total  18 

b.sr 

c. 

II, 

d. 

7 — Total  25 

*.  7. 

c. 

4> 

d. 

10 — Tot:tl  27 

*.9, 

c. 

3, 

d. 

II— Total  28 

*.  3, 

c. 

3i 

d. 

23 — Total  32 

*.  7, 

c. 

I. 

d. 

i7~Total  33 

Two  ladies  were  present,  but  I  kept  no  record  of  their 
observations.  The  little  they  did  confirmed  the  popular 
tradition  that  ladies  have  keen  eyes  for  detail.  lioth  no- 
ticed every  change  in  my  appearance. 


A  LIGHTSHIP  WITH  ELECTRIC  LIGHTS. 


•  The  United  States  Lighthouse  Board  has  recently  invit- 
ed bids  for  four  new  lightships  of  a  greatly  improved  pat- 
tern. The  accompanying  illustrations  show  one  of  these 
ships.  No.  51,  which  is  to  be  stationed  at  Cornfield  Point, 
Long  Island  Sound.  Fig.  i  is  a  general  view  ;  fig.  2,  a 
longitudinal  section  ;  fig.  3,  a  deck  plan  ;  figs.  4  and  5, 
cross-sections  ;  fig.  6,  a  view  of  the  light  platform.  The 
description  herewith  is  condensed  from  the  specifications. 
The  general  dimensions  are:  Length  over  all.  118  ft. 
10  in,  ;  length  from  inside  of  rudder-post  to  inside  of  stem, 
no  ft.  ;  beam,  molded,  26  ft.  6  in.  ;  depth  of  hold,  from 
top  of  beam  to  top  of  keel,  14  ft.  6  in.  In  addition  to  the 
sails  carried  on  the  light  masts,  the  ship  will  be  provided 
with  a  propeller  and  steam  power,  which  will  not  only 
enable  her  to  return  to  her  post  if  carried  away  by  a  gale, 
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but  will  also  be  of  much  assistance  in  keeping  her  in 
place,  as  they  can  be  run  during  a  storm,  and  thus  dimin- 
ish the  great  strain  on  the  cables. 

The  hull  will  be  built  entirely  of  iron,  strongly  framed 
and  braced.  There  will  be  four  main  bulkheads  extend- 
ing up  to  the  main  deck,  built  thoroughly  water-tight. 
The  vessels  will  have  a  bar-keel  and  a  sternpost  forged 
solid  with  the  rudderpost,  and  arranged  for  propeller  shaft 
in  the  usual  way,  and  as  shown  on  plans.  All  plates  in 
the  shell  of  the  vessels,  the  bulkheads,  bulwarks,  etc.,  are 
to  be  machine  planed,  and  no  other  method  of  fairing  the 
strakes  or  preparing  edges  for  calking  will  be  allowed. 
The  plating  will  be  run  in  inside  and  outside  strakes,  per- 
fectly fair,  and  smoothly  fitted  up  and  riveted.  The  ves- 
sels will  be  provided  with  one  outside  bilge-keel  on  each 


leads,  scuppers,  two  hard  wood  stairs  leading  to  the  fore- 
castle deck,  and  all  other  fittings  for  all  purposes  required 
by  the  service.  The  vessel  will  be  rigged  with  two  masts 
and  trysail-masts  arranged  as  shown  on  plans. 

The  cabin  and  crew-space  will  be  heated  throughout  by 
steam,  well  ventilated  and  fitted  with  all  necessary  con- 
veniences and  arrangements  for  comfort.  The  fittings 
required  for  her  special  service  will  include  one  mushroom 
anchor  of  approved  pattern,  weighing  5,000  lbs.  ;  one 
bower  anchor,  weighing  2,500  lbs.  ;  one  harbor  anchor, 
weighing  2,000  lbs.  ;  two  2-in  stud-link  bower  chains,  120 
fathoms  each  ;  one  li-in.  stud-link  mooring  .chain,  120 
fathoms;  one  2-in.  stud -link  spare  chain,  15  fathoms; 
also  a  bell  of  looo  lbs.  weight,  mounted  in  an  iron  frame. 

The  mastik  affcnto  be  67  tt.  in  length.     The  rigging  will 


Fig.  I. 
LIGHTSHIP   NO.    51,    Ft)R   U.    S. 


LIGHTHOUSE   SERVICE. 


side  of  the  vessel,  extending  for  about  55  ft.,  constructed  ' 
as  shown  on  plans,  and  the  run  of  these  keels  shall  con- 
form with  the  natural  run  of  the  water  when  the  vessel  is 
in  motion. 

Under  the  main  deck,  commencing  aft,  will  be  located 
storeroom,  cabin,  with  four  staterooms,  coal  bunkers,  en- 
gine and  boiler-room,  crew  space  with  10  berths,  lockers, 
wardrobes,  tables,  etc.,  pantry,  oil-room,  sail-room,  and 
the  forepeak  will  be  fitted  up  as  a  storeroom  with  neces- 
sary lockers  and  shelves.  Under  lower  deck,  forward, 
will  be  located  water-tanks,  chain  lockers,  forehold,  and 
a  storeroom  for  paint,  oil,  etc.  On  the  main  deck  aft 
will  be  placed  steering  gear,  skylight,  and  companion/- 
way  for  cabin,  and  the  main-deck  house  will  extend  from 
about  frame  No.  17  to  about  frame  No.  35,  consisting  of 
lantern-room,  pump,  and  fog-whistle  machinery-room,  and 
galley.  Forward  of  this  house,  and  under  the  forecastl-e 
deck,  will  be  located  a  steam  windlass  with  elastic  chain 
stoppers,  lockers,  and  water-closets  for  officers  and  crew, 
as  shown  on  plans.  On  the  forecastle  deck  will  be  located 
a  lantern-house,  hoisting  engine,  bell,  etc..  and  on  top  of 
the  main-deck  house  will  be  placed  a  steam  fog-whistle 
and  a  hoisting  engine  ;  both  the  top  of  the  deck  house  and 
the  forecastle  deck  will  be  surrounded  by  a  strong  and 
neatly  built  iron  railing.  On  the  main  deck  will  also  be 
located  two  boats,  necessary  ringbolts,  bitts,  chocks,  fair- 


be  of  wire  rope,  and  the  sails  arranged  as  shown  in  fig.  i. 
A  lightning  conductor  will  be  carried  on  each  mast. 

There  will  be  one  right-handed,  two-bladed,  cast-iron 
screw-propeller  of  about  6  ft.  diameter  and  suitable  pitch, 
driven  by  an  inverted  non -condensing  single -cylinder 
engine,  the  cylinder  to  be  17  in.  in  diameter  and  a  stroke 
of  17  in.     The  propeller  shaft  will  be  5  in.  in  diameter. 

There  will  be  two  cylindrical  single-ended  steel  boilers 
of  the  Scotch  type.  8  ft.  in  diameter  and  9  ft.  long,  provid- 
ed with  corrugated  furnace,  36  in.  diameter,  in  each  boiler. 
There  is  to  be  furnished  and  fitted  in  place  one  horizontal, 
non-condensing  engine,  about  5  in.  diameter  of  cylinder 
and  6  in.  stroke,  with  properly  attached  machinery  for 
operating  the  steam  whistle  ;  also  one  Baird's  No.  3  dis- 
tilling apparatus,  with  necessary  evaporator,  filter,  pumps, 
etc.,  all  to  be  arranged  as  shown  on  plans,  and  as  will  here- 
inafter be  described  and  specified.  The  steam  whistle  will 
be  12  in.  diameter  of  bell. 

Lightship  No.  51  will  be  the  first  one  in  the  United 
States  provided  with  electric  light.  For  this  purpose  there 
will  be  two  engines,  which  must  be  horizontal  high-speed 
engines,  with  automatic  cut-off  governor  ;  to  be  capable  of 
developing  8  H.  P.  at  normal  speed,  with  70  lbs.  steam, 
cutting  off  at  one-quarter  stroke  ;  governor  to  control  speed 
accurately,  and  to  be  capable  of  adjustment  to  enable 
speed  to  be  varied  20  per  cent,  above  or  below  the  normal. 
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Two  pulleys,  32  to  36  in.  diameter,  with  s-in.  flat  face,  will 
be  required  with  each  engine. 

Engines  will  have  no  outboard  bearing,  and  will  have 
cast-iron  base  complete,  ready  to  set  on  deck  at  floor  level. 

The  dynamos  are  to  be  compound  wound,  and  are  to  be 
of  at  least  60  amperes  capacity,  with  an  electro-motive 


must  be  so  made  that  the  lengths  of  the  intervals  may  be 
varied  from  5  seconds  to  20  seconds  at  will. 

Eight  100  candle-power  lamps  with  keyless  sockets  are 
to  be  furnished  ;  the  carbons  of  these  lamps  are  to  be 
coiled  in  a  spiral  according  to  the  sample  which  will  be 
supplied  to  the  contractor. 


oont 


Fig-  4« 

force  of  about  no  volts  at  terminals  of  machine  ;  they  are 
to  be  automatically  regulated,  so  that  three-fourths  of  the 
lamps  may  be  extinguished  with  safety  without  material 
change  of  speed.  They  must  not  spark,  and  must  not  re- 
quire the  brushes  to  be  shifted  to  accommodate  change  of 
load.     Their  commercial  efficiency  must  be  at  least  80  per 


Fig.  6. 

cent.  An  Evans  friction  cone  of  the  proper  size  to  trans- 
mit the  full  power  of  the  engine  is  to  be  furnished  with 
each  dynamo. 

The  engines  and  dynamos  are  to  be  so  located  that, 
with  the  Evans  friction  cones,  either  engine  can  run  either 
or  both  dynamos.  The  dynamos  will  therefore  be  fur- 
nished with  sliding  bed-plates,  so  that  they  can  quickly  be 
thrown  in  or  out  of  action. 

The  actual  floor  space  occupied  by  the  dynamos  and 
engines  must  not  exceed  8^  x  n  ft. 

Attached  to  the  engines  or  dynamos  must  be  a  device 
for  alternately  opening  and  closing,  at  regular  intervals, 
the  circuits  to  the  lights  at  the  mastheads  ;  this  device 


Fig.  5- 

Twenty  16  candle  -  power  lamps,  with  key  sockets, 
brackets,  shades,  and  shade-holders,  safety  strips,  are  to 
be  furnished  and  placed  in  position  in  the  light-vessel 
where  it  may  be  directed.  All  lamps  must  last  at  least 
600  lamp  hours,  must  be  interchangeable  in  their  sockets, 
and  each  lamp  must  be  marked  with  its  candle-power  and 
resistance  when  cold,  and  must  not  vary  in  resistance  more 
than  one  ohm  from  a  given  standard. 

The  double  wire  system  of  conductors  will  be  used,  with 
proper  insulation  everywhere.  The  special  system  of  en- 
gines and  dynamos  to  be  used  is  not  named  in  the  specifi- 
cations. 

Lightships  No.  52,  51.  and  54.  are  to  be  built  at  the  same 
time,  and  will  be  in  ail  respects  the  same  as  No.  51,  ex- 
cept that  they  will  not  be  provided  with  electric  lights,  but 
with  lanterns  of  the  usual  pattern.  They  are  to  be  sta- 
tioned respectively  at  Fenwick  Island  Shoal,  off  the  New 
Jersey  coast  ;  Frying  Pan  Shoal,  off  Cape  Fear  ;  and  Mar- 
tin's Industry,  off  the  Georgia  coast. 

These  four  vessels  will  be  probably  the  finest  and  most 
complete  ships  of  their  class  ever  built  and  put  in  service. 


THE  UNITED  STATES  NAVY. 


The  new  Naval  Torpedo  Board  consists  of  Commander 
Converse,  Lieutenants  Drake  and  McLean.  Their  first 
work  will  be  the  testing  of  the  Whitehead  and  the  Howell 
automobile  torpedoes  ordered  for  the  navy. 

NAVY    YARD   EQUIPMENT. 

In  Washington,  July  i,  in  the  Bureau  of  Yards  and 
Docks  of  the  Navy  Department,  bids  were  opened  for  two 
40-ton  traveling  cranes,  to  be  erected,  one  each  at  the  New 
York  and  Norfolk  Navy  Yards  for  handling  heavy  armor 
plates  and  placing  them  in  position  on  the  sides  and  tur- 
rets of  ships.     The  bids  were  as  follows  : 

Yale  &  Towne  Manufacturing  Company  of  Stamford, 
Conn.,  for  both  cranes,  $92,200  ;  for  the  New  York  crane, 
l47,ioo  ;  for  the  Norfolk  crane,  $47,400. 
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Morgan  Engineering  Company  of  Alliance,  O.  for 
both,  $79,966.25  ;  for  either  crane  separately,  I45.093.75. 

Southwark  Foundry  and  Machine  Company  of  Philadel- 
phia, for  both,  $71,522  ;  for  one,  $37,036. 

Weimer  Machine  Works  Company,  Lebanon,  Pa.,  for 
both.  $104,300  ;  for  the  New  York  crane,  $52,500  ;  for  the 
Norfolk  crane,  $53,000. 

American  Ship  Windlass  Company  of  Providence,  R.  I., 
for  both,  $77,708  ;  for  the  New  York  crane,  $58,579  ;  tor 
the  Norfolk  crane,  $39,189. 

William  Sellers  &  Company,  Philadelphia,  for  both, 
$55,465  ;  for  the  New  York  crane,  $28,960  ;  for  the  Nor- 
folk crane,  $29,000. 

The  Yale  &  Towne  Company,  the  Morgan  Engineering 
Company,  and  William  Sellers  &  Company  each  bid  on 
their  own  modification  of  the  specifications  prepared  by 
the  Department.  The  other  bids  were  all  on  the  Depart- 
ment specifications.  The  contract  was  awarded  to  Will- 
iam Sellers  &  Company,  who  agree  to  have  the  cranes 
completed  in  six  months. 

REVOLVING   CANNON. 

A  37-mm.  Hotchkiss  revolving  cannon  has  been  ordered 
for  the  Marine  School  of  Application  in  Washington.  The 
limber  of  this  gun  carries  300  rounds  of  ammunition,  and 
the  supply  is  supplemented  by  1,000  rounds  carried  in  an 
ammunition  wagon. 

It  may  be  mentioned  also  that  batteries  of  6-pdr.  Hotch- 
kiss guns  have  been  ordered  tor  the  revenue  cutters  Cor- 
win,  Colfax,  and  Bear.  Other  revenue  vessels  will  also 
be  supplied  with  these  guns  as  soon  as  possible. 


THE  GARRUCHA  ROPE  TRAMWAY. 


(From  Industries.) 


At  the  important  iron  ore  mines  in  the  Garrucha  Dis- 
trict in  the  south  of  Spain,  a  rope  tramway,  or  aerial  rope- 
way, is  used  to  convey  the  ore  from  the  mines  near  the 
village  of  Serena  to  the  shore  of  the  Mediterranean,  for 
shipment  at  Garrucha.  As  this  ropeway  is,  we  believe, 
the  most  important  aerial  line  that  has  yet  been  construct- 
ed, a  description  of  it  will  no  doubt  be  of  interest  to  our 
readers. 

The  chief  feature  of  this — the  Otto — system  of  rope 
transport  is  the  employment  of  two  fixed  carrying  ropes. 


Yv&.  1 


it  is  possible  to  carry  heavy  loads,  cross  large  spans,  and 
surmount  the  steepest  gradients  with  safety.  Without  this 
system  of  transport  these  rich  mines  would  probably  not 
have  been  opened  out,  as  the  cost  of  an  ordinary  railroad 
would  have  been  very  great,  and  more  than  absorbed  all 
prospective  profit  on  the  sale  of  the  ore. 


Fio.i  no.  8. 

The  standards  for  these  lines  are  made  either  of  wood 
or  iron,  and,  according  to  their  height  and  the  strain  they 
have  to  withstand,  are  either  two  or  four  legged.  Figs.  2 
and  3  show  the  design  of  a  four-legged  wooden  support 
which  is  85  ft,  in  height.     The  largest  span  on  the  line  is 


along  which  the  buckets  are  hauled  by  a  light  endless  run- 
ning rope.     The  advantages  of  using  fixed  ropes  are,  that 


918  ft.,  and  is  situated  near  the  Villa  Reforma.  At  this 
point  no  less  than  six  empty  and  six  full  buckets  are  sus- 
pended at  one  time  between  the  supports.  One  of  the 
standards  on  this  line  has  a  total  height  of  118  ft.  The 
two-legged  supports  are  held  in  position  with  guy  rods. 
Fig,  I  shows  clearly  the  relative  positions  of  the  fixed  and 
hauling  ropes,  and  fig.  2  shows  how  the  carriers  pass  the 
supports. 

These  carriers  consist  mainly  of  four  parts — a  truck  or 
runner,  a  triangular-shaped  hanger,  the  bucket  or  skip, 
and  the  grip  for  attaching  the  carrier  to  the  hauling  rope. 
The  form  of  buckets  depends  largely  on  the  nature  of  the 
material  to  be  transported  ;  for  ore,  coal,  etc.,  a  bucket 


366 


THE    RAILROAD    AND 


[August,  1891. 


Fio.  7. 


Fio   9 


Pio    10 


Fig.  H. 
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arranged  to  be  tipped  by  hand  is  usually 
employed,  as  illustrated  in  fig.  i.  The 
buckets  used  on  the  Garrucha  Line  are 
of  this  form,  and  have  a  capacity  of  784 
lbs. 

A  most  important  detail,  to  insure 
regular  and  uninterrupted  working  of  a 
line,  is  the  form  of  grip  that  is  adopted 
for  attaching  the  buckets  to  the  hauling 
rope.  For  hnes  with  easy  gradients  fric- 
tion grips  are  employed  ;  these  are  of  two 
kinds  :  the  first,  used  for  gradients  up  to 
I  in  6,  is  shown  in  elevation  and  section 
in  figs.  4  and  5,  and  consists  of  two 
smooth-faced  disks,  a  and  b,  one  rigidly 
attached  to  the  cross-bar  of  the  hanger, 
the  other  being  free  when  out  of  action  to 
revolve  and  act  as  a  guide  and  supporting 
roller  for  the  hauling  rope.  The  spindle 
carrying  the  movable  disk  has  a  square 
thread  on  its  outer  end,  and  carries  a 
lever,  the  boss  of  which  forms  the  nut. 
If  the  lever  is  hanging  down  the  disks  do 
not  grip  the  rope,  and  are  kept  apart  by 
a  spring.  On  raising  the  lever,  however, 
through  an  angle  of  180°,  the  disks  are 
made  to  approach  each  other,  and  the 
hauling  rope  is  tightly  gripped  between 
them.  The  lever  is  prevented  from  fall- 
ing in  transit  by  a  small  spring  trigger. 
For  gradients  from  i  in  6  up  to  i  in  3  a 
friction  grip  with  corrugated  jaws  A  B 
(figs.  7  and  8)  has  recently  been  employed, 
which  differs  from  the  disk  friction  grip 
above  described,  in  that  the  movable 
plat<  or  jaw  B  is  corrugated  and  does  not 
revolve,  the  pressure  being  obtained  by 
means  of  a  lever  and  eccentric,  as  clearly 
shown  in  the  illustration.  Both  forms  of 
grip  work  exceedingly  well,  and  permit 
of  the  buckets  being  attached  at  any  point 
of  the  hauling  rope. 

As  on  the  Garrucha  Line  there  are 
gradients  of  i  in  i\,  a  friction  grip  would 
not  be  sufficiently  reliable  ;  it  is  necessary, 
therefore,  to  employ  the  pawl  grip,  shown 
in  figs.  9,  10  and  11,  representing  a  front 
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elevation,  end  sectional  elevation,  and  general  plan  re- 
spectively. This  consists  of  two  symmetrically  placed 
pawls  C  C,  free  to  move  in  a  vertical  plane,  with  forked 
ends,  which  drop  down  on  either  side  of  the  knots  at- 
tached at  intervals  to  the  hauling  rope.  The  hauling 
rope  itself  is  carried  on  a  roller  D  slightly 
below  the  pawls.  To  throw  the  pawls 
in  and  out  of  gear,  pins  are  attached  to 
their  upper  ends,  and  these  at  the  stations 
come  in  contact  with  guide-rails  which 
raise  the  pawls,  automatically  releasing 
the  hauling  rope  and  permitting  the  car- 
rier to  be  switched  off  on  to  the  shunt 
rails  at  the  station.  A  large  number 
of  these  grips,  we  are  informed,  are  now 
at  work,  and  in  no  instance  have  they 
been  known  to  fail. 

The  latest  and  best  form  of  knot, 
shown  in  figs.  12  and  13,  has  a  star  sec- 
tion, and  has  an  outside  diameter  slightly 
in  excess  of  that  of  the  hauling  rope. 
The  strands  of  the  hauling  rope  lie  in 
the  helical  grooves  as  shown,  the  ribs 
forming  the  star  projecting  sufficiently 
above  these  to  form  a  shoulder  to  press 
against  the  pawls  of  the  carrier  coupling.  The  knot  is 
made  fast  to  a  steel  wire  strand  E  about  6  ft.  long, 
which  takes  the  place  of  the  hempen  core  in  the  haul- 
ing rope  ;  by  this  means  it  is  rigidly  held  and  any  strain 
distributed,  the  strand  forming  the  core  being  tightly 
gripped  throughout  its  length  by  the  strand  of  the  haul- 
ing rope  itself.  The  advantages  of  this  form  of  knot  are 
that  it  can  be  quickly  attached  to,  and  when  worn  re- 


Figs.  14,  15  and  16  represent  a  longitudinal  section,  a  sec- 
tional plan,  and  a  transverse  section  of  one  of  these  angle 
stations  at  Puerto  del  Coronel,  the  chief  power  station  of 
the  line.  When  the  buckets  arriving  from  Eedar  reach 
the  shunt  rail  at  the  angle  station  they  are  automatically 
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disengaged  from  the  hauling  rope,  as  above  described, 
switched  on  to  the  shunt  rails,  and  run  round  by  hand  on 
to  the  carrying  rope  of  the  next  section  of  the  line,  where 
they  are  again  attached  to  the  hauling  rope  and  sent  off 
in  the  direction  of  Garrucha.  To  avoid  a  violent  impact 
of  the  knot  and  the  coupling,  the  shunter  gets  a  bell  sig- 
nal when  a  knot  is  approaching,  and  he  pushes  off  the 
bucket  at  about  the  same  rate  as  the  hauling  rope  is  trav- 


moved  from,  the  hauling  rope  without  cutting  the  same  ; 
for  fixing  it  is  not  necessary  to  employ  white  metal,  which 
was  found  to  very  much  impair  the  strength  of  the  rope  ; 
moreover,  the  hauling  rope  does  not  lose  its  flexibility  at 


Fig.  la 


the  point  of  attachment,  and  any  breakage  of  single  wires 
is  at  once  visible  and  easily  repaired. 

As  these  lines  cannot  be  worked  round  curves,  it  is 
necessary,  provided  the  ropeway  cannot  be  carried  in  a 
straight  line  from  end  to  end,  to  insert  angle  stations. 


eling.  If  the  line  is  not  required  to  work  at  its  full 
capacity  the  empty  buckets  can  be  docked  at  the  stations, 
sidings  being  provided  on  to  which  the  buckets  are  shunted 
out  of  the  way. 

This  line  is  divided  into  four  sections,  a  30  H.  P.  engine 
driving  the  two  steeper  sections,  a  70  H.  P.  the  other  sec- 
tions. In  figs.  14  and  15  is  also  shown  the  method  of  tak- 
ing up  the  slack  of  the  hauling  rope  and  keeping  the  same 
taut  by  means  of  balance  weights.  The  carrying  ropes 
are  weighted  at  their  ends  in  a  similar  manner. 

At  the  loading  station  the  trucks  from  the  mine  are  run 
down  a  gravity  incline  to  the  ropeway  station,  and  the 
contents  tipped  into  bins  or  hoppers  of  a  capacity  of  800 
tons.  Fig.  18  gives  a  section  of  one  of  these  bins,  show- 
ing the  buckets  suspended  from  the  shunt  or  hanging  rail 
and  the  spouts  for  filling  them.  From  the  profile  of  the 
line.  fig.  17,  it  will  be  seen  that  after  leaving  the  loading 
station  at  Serena,  which  is  situated  some  905  ft.  above  the 
sea  level,  the  line  crosses  a  number  of  deep  valleys,  one 
upward  of  half  a  mile  wide  and  330  ft.  deep,  and  traverses 
several  mountain  ridges,  the  highest  being  no  less  than 
1,174  ft.  above  the  sea  level,  to  the  village  of  Pinar  de 
Bedar,  where,  at  an  elevation  of  951  ft.,  the  first  engine 
house  and  angle  station  is  situated.  From  here  the  line 
goes  off  at  an  angle  to  the  right,  and  again  passes  over 
several  valleys  and  ridges,  with  a  gradual  descent  to  a 
second  angle  station  at  an  elevation  of  370  ft.     It  then 
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bears  to  the  left,  passing  over  more  or  less  hilly  country  to 
the  second  engine  house,  near  Puerto  del  Coronel,  situ- 
ated at  an  elevation -of  147  ft.  From  here  it  again  turns 
to  the  right,  descending  at  a  comparatively  easy  gradient 
to  the  unloadmg  station  on  the  coast,  near  the  town  of  Gar- 
rucha.  We  should  here  state  that  in  fig.  17  the  horizontal 
scale  IS  double  that  of  the  vertical. 

The  line,  which  can  be  seen  from  end  to  end  from  the 
mountain  ridge  between  Bedar  and  Serena,  has  a  very 
imposing  effect — the  660  buckets  traveling  backward  and 
forward  at  a  velocity  of  about  three  miles  an  hour,  appear- 
ing smaller  and  smaller,  until  in  the  distance  they  look 
only  like  mere  specks,  the  ropes  in  the  sunlight  like  silver 
threads  extending  to  the  sea-shore.  A  spectator  cannot 
help  being  struck  with  this  system  of  transport  when  he 
sees  how  steadily  and  with  what  precision  the  carriers 
move  over  the  deep  valleys  and  steep  ridges.  The  long 
spans  vary  from  328  ft.  to  750  ft.,  the  average  distance 
of  the  supports  from  one  another  being  about  130  ft. 
The  unloading  station  at  the  coast  is  150  ft.  long  and  32 
It.  above  the  ground.  This  permits  ot  18,000  to  20,000 
tons  of  ore  being  stored,  so  as  to  avoid  delay  in  loading 
the  vessels  as  they  arrive.  Electric  signals  are  used,  and 
the  stations  are  connected  by  telephone. 

•The  transport  capacity  specified  for  this  line  in  the  orig- 
inal contract  was  600  tons  per  day  of  10  hours,  but  of 
late,  owing  to  the  increased  demand  for  this  ore,  the  line 
has  been  working  a  double  shift  of  8  hours,  and  as  much 
as  900  tons  a  day  has  been  transported  to  the  coast.  Not- 
withstanding the  many  ditficulties  that  had  to  be  over- 
come, this  line  was  surveyed  and  erected  ready  for  use 
within  ten  months  at  a  total  cost  of  about  $130,000. 

There  are  now  over  450  of  the  Otto  ropeways  at  work  in 
various  parts  of  the  world.  Several  have  lately  been  started 
in  the  Transvaal,  and  are  giving  every  satisfaction.  The 
two  most  important  lines  out  there  are  at  the  "  Sheba" 
and  the  **  Edwin  Bray"  mines,  the  former  2},  the  latter 
3}  miles  in  length,  with  gradients  in  places  of  i  in  2  and 
I  in  1.6,  and  spans  of  from  1,400  ft.  to  1,600  ft. 

A  further  application  of  these  aerial  lines  is  in  the 
transport  of  goods,  boxes,  barrels,  sacks,  etc.,  between 
warehouses  over  buddings,  railroads,  canals,  etc.,  where 
an  ordinary  line  could  not  be  employed.  The  loading  and 
unloading  is  very  rapid  and  easy,  and  can  go  on  in  all 
states  of  the  weather.  No  purchase  of  land  is  necessary 
for  the  pernYtnent  way.  but  only  the  lease  of  a  strip  about 
10. ft.  wide  is  required,  and  this,  with  the  exception  ot  a 
small  area  at  the  points  of  support,  can  be  cultivated  in 
the  usual  way,  the  buckets  traveling  at  such  a  height 
above  the  ground  as  not  to  interfere  in  any  way  with  the 
men  or  cattle  in  the  fields. 


TESTING  RAILROAD  MATERIALS. 


The  accompanying  table,  which  is  taken  from  the  re- 
port made  to  the  Master  Mechanics'  Association  by  the 
Committee  on  Testing  Laboratories,  shows  the  work  done 
in  the  Physical  Laboratory  of  the  Chicago,  Milwaukee  & 
St.  Paul  Railroad  during  the  year  1890  : 


Materials. 


Axles 

Bar  iron , 

Boiler  tubes - .... . 

Chain 

Links  and  pins 

Springs — helical     ..  .. 

Springs — elliptic 

Steel  plate 

Track  bolts 

Track  spikes 

Wire — barbed  fence 

Turnbiicklcs 

Taps,  dies  and  reamers. 


iSgo. 


c"? 

Amount 

V  a 

Received. 

sl 

ft,  >- 

5,9^7  axles 

5-3 

4,772  tons 

3-9    ' 

6,991  tubes 

7-2 

50  tons 

3-7 

722  tons 

9.8 

so. 573  springs 

»5-2 

1,839  springs 

0.6 

936  plates 

7  3 

S.053  kegs 

3.8 

»4,235  kegs 

15-5 

6,388  reels 

00 

1,260  pieces 

00 

384  pieces 

5 

Cost  of  Tests. 


68c.  per  nx). 
II. 3c.  per  ton. 
i6^c.  per  100. 
IOC.  per  ton. 

6c.  per  ton. 
40c.  per  100. 
$1.50  per  too. 
23.4  e.-'ch. 
92c.  per  too  kegs. 
i6c.  per  ior>  kegs. 

8c.  per  100  reels. 
IOC.  per  100. 
$3  per  luo. 


In  general  the  tests  show  a  decrease  from  former  years 
in  the  percentage  of  material  rejected,  which  would  indi- 
cate increasea  care  on  the  part  of  manufacturers. 


THE  CANFIELD  COMPOUND  ENGINE. 


The  accompanying  drawing,  fig.  i,  shows  a  vertical 
compound  marine  engine,  the  distinguishing  feature  of 
which  is  a  new  valve.  In  this  engine  a  single  valve  is 
used  to  operate  the  two  cylinders,  the  exhaust  from  the 
high-pressure  cylinder  passing  directly  to  the  low-pressure 
cylinder  through  the  valve  itself.  There  is  a  single  piston 
rod,  to  which  both  pistons  are  attached,  and  a  single  cross- 
head,  the  packing  between  the  two  cylinders  being  simple 
and  easily  accessible. 


Fig.  1. 

CANFIELD'S  COMPOUND    ENGINE. 

The  arrangement  will  be  readily  understood  from  the 
drawing,  in  which  the  pistons  are  shown  just  at  the  begin- 
ning of  the  stroke.  The  exhaust  from  the  high-pressure 
cylinder  passes,  as  indicated  by  the  arrows,  through  the 
port  into  the  steam-chest,  then  directly  through  the  valve 

and  by  the  upper  port  into  the  large  cylinder. 
In  the  engine  illustrated  the  Joy  valve  gear  is  used,  but 
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the  valve  may  be  operated  by  any  of  the  usual  motions. 
The  advantages  obtained  in  practice  have  been  the  rela- 
tively high  pressure  secured  in  the  large  cylinder,  and  the 
fact  that  condensation  is  reduced,  the  valve  being  sur- 
rounded by  steam  at  high  press- 
ure, so  that  heat  absorbed  by  the 
valv«  is  passed  directly  to  the 
steam  on  its  passage  to  the  low- 
pressure  cylinder.  In  an  engine 
of  this  kind  in  use  on  a  tug-boat 
owned  by  the  Pennsylvania  Rail- 
road a  considerable  gain  in  power 
was  secured  by  the  use  of  this 
valve.  Indicator  cards  taken  with 
an  initial  pressure  of  100  lbs.  in 
the  first  cylinder,  cutting  off  at 
five-eighths  of  the  stroke,  show 
an  initial  pressure  of  28  lbs.  in 
the  low-pressure,  the  ratio  of  the 
cylinders  being  1:4.  In  the  en- 
gine shown,  which  is  the  one  re- 
ferred to,  the  high-pressure  cylin- 
der is  18  in.  and  the  low-pressure 
36  in.  in  diameter. 

The  valve  is  fully  balanced,  the 
sizes  of  the  valve-stem  and  tail- 
fod  being  so  proportioned  as  to 
counterbalance  the  weight  of  the 
valve  itself  by  the  difference  in 
pressure  on  the  upper  and  lower 
ends. 

The  arrangement  is  certainly 
a  very  simple  one,  and  seems 
excellently  adapted  to  the  com- 
pound engine.  In  the  cases  where 
it  has  been  applied  it  has  worked 
so  well  that  it  has  been  adopted 
for  the  engines  of  the  new  double- 
screw  ferry  -  boat  Cincinnati  — 
which  was  described  and  illustrat- 
ed in  the  Journal  for  June  last, 

page  273 — and  it  will  be  used  in  other  new  boats  for  the 
sam*  company. 

Fig.  2  shows  a  design  for  the  application  of  this  valve 
to  a  tour-cylinder  compound  locomotive.  Here  the  cylin- 
ders are  in  tandem,  the  chief  difference  from  the  marine 
engine  being  that  the  cylinders  are  vertical  instead  of 
horizontal. 

This  valve  is  well  suited  to  a  quick-working  engine,  and 
it  is  to  be  applied  to  a  vertical  stationary  engine.  The 
arrangement  will  be  substantially  the  same  as  in  the 
marine  engine  shown  in  fig.  i.  As  in  that  case,  it  will  be 
free  from  the  objections  made  to  the  compound  engine  of 
the  loss  of  heat  in  long  connecting  pipes  and  passages, 
which  must  be  filled  at  each  stroke. 

This  valve  is  the  invention  of  Mr.  Hobart  Canfield.  Mas- 
ter Mechanic  in  charge  of  the  Pennsylvania  Railroad  re- 
pair shops  at  Hoboken,  N.  J.,  where  the  work  on  the  ferry- 
boats and  other  floating  equipment  of  the  road  is  done. 


South  Boston  Iron    IVorks.— One  8-in. 
350   rounds   of   ammunition,    $24,332  ;   24 


gun,  127,300  : 
service   guns, 
$20,695  each,  deliveries  to  begin  in  1894  and  to  be  made 
at  the  rate  of  six  per  year  ;  one  lo-in.  type  gun,  $60,560  ; 


CANFIELD'S 


Fig.  2. 
COMPOUND 


ENGINE. 


BIDS  FOR  NEW  GUNS. 


In  Washington,  July  13,  in  the  office  of  the  Chief  of 
Ordnance  of  the  Army  bids  were  opened  for  100  new 
guns.  These  include  25  of  8-in.  taliber,  50  of  lo-in.,  and 
25  of  i2-in.  ;  all  to  be  breech-loading,  rifled,  built-up  steel 
guns.  Efforts  made  last  year  to  secure  favorable  bids 
failed,  and  it  was  necessary  for  Congress  to  increase  the 
appropriation  for  the  procurement  of  these  100  guns  to 
$4,225,000. 

The  proposals  received  were  as  follows  : 

Mid^iale  Steel  Company. — One  8-in.  type  gun,  with  am- 
munition for  testing,  $22,028,  to  be  delivered  in  three 
years  ;  25  service  guns  of  the  same  pattern  at  the  same 
price  each,  to  be  delivered  in  eight  years  after  acceptance 
of  the  type  gun  ;  one  lo-in.  type  gun,  $51,880.  and  49  ser- 
»^ice  guns  at  same  price  each,  to  be  delivered  in  eight 
years  ;  one  12-in.  type  gun,  with  ammunition,  $88,592, 
and  24  service  guns  at  the  same  price  tach,  to  be  delivered 
in  eight  years. 


guns, 
1895  ; 
same. 


ammunition    for    the    same,   $43,35© ;    49    service 
$47,700  each,  to   be  delivered  five  each  year  after 
one   12-in.   type    gun,   $100,000  ;    ammunition   for 
$60,000  ;  25  service  guns,  with  10  rounds  of  ammunition, 
$79,500  each,  to  be  delivered  five  each  year  after  1896. 

Bethlehe7n  Steel  Cotnpany. — One  8-in.  type  gun,  $43,893. 
delivered  in  1,460  days,  and  $42,035  if  delivered  in  2,190 
days  ;  24  service  guns  of  same  kind  at  $19,723  each,  de- 
livered in  552  days,  or  $17,246  if  delivered  in  730  days  ; 
one  lo-in.  type  gun,  $78,937,  delivered  in  699  days,  or 
$73,755,  delivered  in  882  days  ;  49  service  guns  of  this  size 
at  $40,929  each,  delivered  in  2,130  days,  or  $37,754,  de- 
livered in  3,404  days  ;  one  12-in.  type  gun,  $113,951,  de- 
livered in  791  days,  or  $106,558,  delivered  in  1,095  days  ; 
24  service  guns  of  this  size  at  $61,846  each,  delivered  in 
2,038  days,  or  $54,473.  delivered  in  3,194  days. 

The  Bethlehem  bid  was  accompanied  by  some  condi- 
tions, one  looking  to  a  change  in  the  proportions  of  the 
hoops  of  the  guns  and  another  to  allowances  for  advanced 
deliveries.  The  act  of  Congress  gives  authority  to  divide 
the  awards,  but  at  their  longest  periods  of  time  the  Beth- 
lehem bids  are  still  the  lowest  in  each  class,  and  their 
lowest  total  of  $3. 785. 850  for  the  100  guns  is  the  only  one 
within  the  limit  of  the  appropriation.     The  total  of  the 


Midvale  bid 
$5,174,312. 


is  $5,359,500.  and  of  the  South  Boston  bid 


ENGLISH  TIRE  AND  AXLE  SPECIFICATIONS. 


Some  time  since  the  English  Board  of  Trade  called  the 
attention  of  the  General  Managers'  Committee  of  the  Rail- 
way Clearing  House  to  the  fact  that  many  cars  owned  by 
private  parties — coal  operators  and  the  like — were  not 
properly  built  or  kept  up  to  the  standard  required  for  rail- 
road companies.  In  accordance  with  this,  a  system  has 
been  established  by  which  all  private  cars  are  required  to 
conform  to  certain  standard  specifications,  and  must  pass 
inspection  by  some  railroad  company.     Unless  this   has 
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been  done,  and  a  plate  stating  the  fact  attached  to  a  car.    '  The  journals  to  be  8  in,  long  by  3V  in.  diameter,  and  the 
it  is  not  allowed  to  run  on  any  railroad  belonging  to  the   i  whole  strictly  in  accordance  with  the  standard  drawing. 


Clearing  House.     The  register-plates  are  of  uniform  de- 
sign, a  sample  being  shown  in  fig.  6. 

From  the  specifications  as  prepared  and  approved  by 


//y.6 


the  General  Managers*  Committee,  and  published  by  the 
London  Railway  Engineer,  we  take  the  following  sections 
as  showing  the  standards  adopted  for  wheels  and  axles  : 

STANDARD  WHEELS  AND  AXLES. 

Tires. — 13.  The  tires  to  be  of  Bessemer  or  Siemens' 
steel,  and  to  be  subjected  to  the  tests  set  forth  in  clause  21. 

The  tires  to  be  5  in.  wide,  and  not  less  than  2  in.  thick 
in  the  middle  when  finished,  truly  bored  out,  with  not 
more  than  ^^  in.  for  contraction,  and  secured  to  the  wheels 
by  one  of  the  several  approved  modes  of  fastenings  shown 
in  the  standard  drawings  (figs.  1,2,3,4  and  5)  ;  but  neither 
rivets  nor  bolts  to  be  passed  through  or  into  the  tire. 

Axles.  — 14.  The  axles  to  be  made  of  Bessemer  or 
Siemens'  steel,  and  to  be  subjected  to  the  tests  set  forth 
in  clause  21.  Wrought-iron  axles  may  be  used  if  pre- 
ferred, subject  to  the  tests  set  forth  in  clause  22. 

The  axles  to  be  6  ft.  6  in.  in  length  from  center  to  cen- 
ter of  journals,  ^li  in.  diameter  through  the  boss  of  the 
wheel,  and  gradually  tapered  to  4^  in.  in  the  middle. 
There  must  be  no  shoulder  on  the  axle  behind  the  boss. 


Wheels.— IS.  The  body  of  the  wheel  to  be  made  of 
wrought  iron  of  good  marked  bar  quality,  with  either  solid 
or  open  spokes,  and  either  wrought  or  cast-iron  bosses. 
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The  bosses  to  be  7  in.  through  ;  those  made  of  wrought 
iron  to  be  9>^  in.  diameter  ;  those  of  cast  iron,  13  in.  The 
rim  or  periphery  to  be  not  less  than  i}{  in.  thick,  soundly 
welded  throughout,  and  tutned  exactly  to  2  ft.  9  in. 
diameter,  and  in  section  equal  in  strength  to  the  form 
shown  on  the  standard  drawing.  The  boss  to  be  bored 
out,  and  the  wheel  forced  on  to  the  axle  by  hydraulic 
pressure  of  not  less  than  30  tons,  and  no  keys  are  to  be 
used.  If  preferred,  the  body  of  the  wheel  may  be  cast  of 
steel  of  equal  dimensions. 

Stamping  of  Ironwork  and  Steelwork. — 16.  All  Iron- 
work and  Steelwork  to  be  stamped  distinctly  with"  the 
Name  or  Initials  of  the  Owner,  and  the  day,  month,  and 
year  when  made. 

TESTS   OF   WHEELS   AND   AXLES. 

Testing  of  Steel  Tires  and  Axles. — 21.  A.  Each  tire 
of  the  diameter  of  3  ft.  i  in,  to  be  guaranteed  to  stand, 
without  fracture,  the  test  of  being  compressed  4  in.  by 
hydraulic  power,  the  compression  to  be  continued  until 
the  tire  is  broken.  Also,  each  tire  must  be  guaranteed  to 
stand  a  tensile  strain  of  not  less  than  35  tons  per  square 
in.,  with  25  per  cent,  of  elongation  ;  the  test  length  to  be 
3  >n. 

B.  The  axles  to  be  capable  of  standing  the  following 
test,  without  fracture,  viz.,  five  blows  from  a  weight  of 
2,000  lbs.  falling  from  a  height  of  20  ft.  upon  the  axle, 
which  shall  be  placed  upon  bearings  3  ft.  6  in.  apart,  and 
turned  after  each  blow.  After  the  fifth  blow  the  axle  to 
be  broken.  Also,  each  axle  to  be  guaranteed  to  stand  a 
tensile  strain  of  not  less  than  35  tons  per  square  in., 
with  25  per  cent,  of  elongation  ;  the  test  length  to  be  3  in. 

C.  The  maker  shall  provide,  at  his  own  expense,  one 
additional  tire  and  one  additional  axle  in  every  50,  or  any 
less  number  ordered,  to  be  selected  from  the  bulk  by  the 
inspector,  for  testing  in  the  manner  above  described,  after 
which  they  shall  be  given  up  to  the  buyer,  if  required. 

D.  The  tires  and  axles  tested  to  be  held  to  represent 
correctly  the  quality  of  the  lots  from  which  they  are  taken. 

E.  Each  tire  and  axle  to  be  stamped,  while  hot.  with 
the  day,  month,  and  year  when  made  ;  and  any  tire  or 
axle  failing  before  it  has  run  12  months,  to  be  replaced  at 
the  expense  of  the  maker. 

F.  The  maker's  name  to  be  well  stamped  upon  each 
axle,  and  on  the  outer  edge  of  each  tire. 

Testing  of  Wroiight-Iron  Axles. — 22.  A.  The  axles  to 
be  capable  ot  standing  the  following  test,  without  fracture, 
viz.,  five  blows  from  a  weight  of  2,000  lbs.  falling  from  a 
height  of  20  ft.  upon  the  axle,  which  shall  be  placed  upon 
bearings  3  ft.  6  in.  apart,  and  turned  after  each  blow. 
After  the  tifth  blow  the  axle  to  be  broken. 

B.  Also  each  axle  to  be  guaranteed  to  stand  a  tensile 
strain  of  not  less  than  22  tons  per  square  in.,  with  not  less 
than  25  per  cent,  of  elongation  ;  the  test  length  to  be  3  in. 


Rapid  Transit  in  New  York. 

The  engineers  of  the  Rapid  Transit  Commission  have  been 
making  a  series  of  borings  to  ascertain  exactly  the  nature  of  the 
ground  through  which  ths  underground  line  proposed  by  the 
commission  is  to  be  built.  It  is  stated  that  the  results  are  very 
satisfactory.  The  formation  through  which  the  proposed  tun- 
nel road  is  to  be  constructecf  is  peculiarly  susceptible  to  tunnel- 
ing. The  soil  is  sandy  all  along  the  line,  fine  red  in  quality 
from  the  Battery  to  Chambers  Street,  with  now  and  then  a 
stratum  of  coarse  grit.  North  of  Chambers  Street  the  sand  is 
coarse  and  gritty,  impregnated  with  gravel  very  thickly  at 
Canal  and  Broome  streets,  and  with  occasional  drifts  of  fine 
red  sand. 

The  construction  of  the  road  will  undoubtedly  be  by  means 
of  a  shield,  and  there  is  found  no  obstruction  to  its  use  along 
the  entire  line  through  the  business  section  of  the  city, 
from  the  Battery  to  Eleventh  Street.  The  excavation  can 
be  done  and  the  tunnel  constructed  without  any  blasting 
operations  whatever  and  without  doing  anything  that 
will  interfere  with  the  foundations  of  buildings,  except  at 
Twenty-seventh  Street,  where  private  property  will  have  to  be 
acquired.  The  results  have  been  so  surprising  with  respect  to 
Canal  Street  and  Duane  Street  that  the  engineers  have  ordered 
proof  borings  to  be  made  at  these  points,  without,  however, 
having  any  reason  to  expect  a  different  result.  The  record, 
which  will  be  esteemed  of  value  as  a  reference  by  property 


owners  in  Broadway,  is  given  herewith  in  its  entirety.  It  is 
the  record  of  the  first  scientific  exploration  of  subterranean 
Broadway  that  has  been  made  : 


Feet 
to  Bed 
Rock. 
Whitehall  Stn-et. 

Front  Street 20.00 

Water 23.00 

Pearl ..<..'.'ky>^^r»..'.y.     16.00 

Bridge ;.i.'.:i.,;i.  ao.oo 

Stone  . ,..1  .^. .  21.00 

Heaver ,i^  iivi  .,>.,i>.i'* .  34.00 

Broadway . 

Morris  3S-'5 

Exchange  Alley S'-SO 

Rector 63.10 

Wall 60.10 

Pine ;..~.i>.'«^..^>f ..  70.00 

Cedar .   .; .   ..  70.75 

Liberty 70.90 

Cortlandt  ..,»,;.■, 70- 3" 

Dey ..',-. :i*i:.  76.85 

Fulton . . . ...  -i^. 83.25 

Vesey ....  ,'.,,»■».'•« 8 1. 50 

Barclay ....'...,....».,...,....  101 . 1 5 
Park  Place. ...i;Ji,,:..Viv..«^M  112.50 

Murray i«3.50 

Warren 109.20 

Chambers   100.75 

Keade 116.00 

Duane  163.50 


Tliomas. 


,>»♦•«•■ 


.138.50 


Feet 

to  Bed 
Rock. 

Walker ».;.i  .'.."» 107.20 

Lispenard .   68.25 

Canal . . ., .   87.65 

Howard >,••>>•'•>«»'••  50.00 

Grand 70.80 

Broome 47.75 

Spring 70.10 

Prince • 70.00 

Houston  105 .60 

Bleecker 66.15 

Bond 68.»5 

Third 53-03 

Fourth 40.10 

Wa!>hingion  Place 34-5S 

Waverly  Place 48.85 

Astor  Place 49-75 

Clinton  Place 65.25 

Ninth 35-»5 

Tenth 40.33 

Eleventh 3«.iS 

Twelfth ^v.>T.>«.*% ».  23.00 

Thirteenth 34.00 

Fourteenth .   13.35 

Seventeenth ;U»  >•'»>..  ^»'.   10.15 

Twenty-first ..;.. 17.00 

Twenty-third 21.50 

Twenty-fifth 24.00 

Twenty-seventh 19.20 

Thirtieth 1500 

Thirty-third ; 4.00 


Worth....... .147.50 

Leonard 96.5s 

Franklin   83.45 

White los-so 

Deep  depressions  in  the  bed  rock  are  noted  at  Duane  Street, 
at  White  and  Walker  streets,  and  at  Houston  Street.  But  the 
satisfactory  feature  of  the  showing  is  that  rock  excavation  will 
be  required  only  through  Whitehall  Street  and  from  Eleventh 
Street  northward.  All  the  subsurface  works  lie  within  8  ft.  of 
the  street  grade.  The  tunnel  construction  need  not  begin  any 
deeper  than  10  ft.  below  the  surface,  and  will  occupy  a  space 
below  that  of  only  about  20  ft.  For  the  purpose  of  the  tunnel, 
therefore,  30  ft.  of  soil  above  bed-rock  will  be  sufficient.  At 
no  place  between  Beaver  and  Eleventh  streets  is  there  a  less 
depth  than  34  ft. — New  York  Times. 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING. 


Bv  M.  N.  Forney. 


^Copyright,  1890,  by  M.  N.  Forney.) 


(Continued /rem  page  324.) 


CHAPTER  XII. 
PROJECTIONS.* 

In  representing  different  views  of  an  object  it  is  often  con- 
venient or  essential  to  extend  or  "  project"  lines  from  one 
view  to  define  the  position  of  the  parts  in  another  view. 
Some  simple  methods  of  doing  this  were  explained  in  Chapters 
IV.  and  V.  In  this  chapter  some  of  the  more  difficult  prin- 
ciples and  methods  of  representing  different  views  of  mechani- 
cal objects  will  be  explained,  t 

PROJECTIONS   OF   A   CUBE. 

Fig.  280  is  a  perspective  view  of  a  cube,  the  sides  of  which 
are  all  i  in.  X  i  in.  The  top  is  numbered  i,  its  sides  2,  3,  4, 
and  5,  and  the  bottom  6,  so  that  the  different  views  may  be 
easily  identified.  |  The  edges  and  figures,  which  are  hidden 
from  view,  are  represented  by  dotted  lines. 

♦  In  treating  this  branch  of  mechanical  drawing,  very  free  use  has  been  made 
of  "  The  Engineers'  and  Machinists'  Drawing  Book,''  published  by  Blackie  & 
Son,  of  London  and  Edinburgh,  but  which  is  now  out  of  print.  Some  of  thiit 
chapter  and  some  of  the  engravings  in  it  have  been  taken  from  that  book. 

t  The  student  should  draw  the  exercises  given  in  this  chapter  twice  the 
size  of  the  engravings. 

X  This  is  not  a  true  perspective  view,  but  for  the  present  purpose  it  will 
answer  our  purpose  better  than  a  correct  view  would,  as  the  length  of  all  the 
sides  is  of  the  correct  dimension,  or  x  in. 
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Proiu.km  103.       To  draw  projections  of  a  cube. 

To  represent  a  geometric  view  of  the  front  side,  2,  we  should 
draw  a  square,  as  represented  by  a  6  c  J  in  fig.  281.  To  repre- 
sent a  view  of  the  right-hand  side,  3,  we  can  extend  or  "  pro- 


straight  line  L  A\  fig.  283,  should  be  drawn.  This  line  will 
represent  what  may  be  called  \)\c  ground-line  or  base  on  which 
the  pyramid  rests.  Then  draw  a  perpendicular  ^  6^  to  this  base 
and  extend  it  below  L  A'. 


Fig.  280. 


I  a 


PLAN 


5 


ject"  the  line  a  d,  which  forms  the  upper  side  of 
the  front  view,  toward  the  right,  and  the  pro- 
jection e  f  o{  this  line  will  then  represent  the 
upper  edge  of  the  right-hand  side  view.  In  the 
same  way  the  lower  edge  d  c  may  be  projected 
toward  the  right,  and  both  a  b  andt/r  may  both 
be  projected  toward  the  left  to  delineate  the 
side  view  of  the  left-hand  side,  5  ;  e  g,  f  h,  i  k 
a.ndj/  can  then  be  laid  down,  and  the  views 
of  the  right  and  left-hand  sides  of  the  cube  are 
then  completed.  In  a  similar  way  the  sides  a  d 
and  b  c  may  be  projected  above  and  below  the 
front  view  to  represent  the  plan  i  and  inverted 
plan  6.*  This  is  all  very  simple,  and  although  it 
facilitates  the  drawing  of  the  different  views  yet 
their  dimensions  could  readily  be  laid  down 
without  projecting  the  lines  of  one  view  to 
represent  another. 

Proislem  104.  To  draw  projections  of  a  cube 
which  is  standing  on  one  of  its  edges. 

Let  it  be  supposed  that  the  cube  is  standing 
on  one  edge,  as  shown  in  the  front  view,  2, 
fig.  2S2.  To  represent  either  side  view  it  is 
essential,  in  order  to  fix  the  positions  of  the 
edges  e  f,  w  x,  k  I  and  i  j,  to  project  lines  from 
a  to  7u  X  and  ;  j,  from  b  to  e  f,  and  from  d 
to  k  I.  This  is  also  true  of  the  plan  and  inverted 
plans,  and  in  drawing  these  the  positions  of  the 
vertical  lines  y  z,  p  o,  n  tn,  q  v,  s  t  and  u  v  can 
only  be  determined  by  projecting  lines  from 
ab  c  and  d. 

The  drawing  of  a  hexagonal  bolt  head  or  nut, 
explained  in  Chapter  V.,  is  another  illustration 
of  the  application  of  the  principle  of  projecting 
one  view  from  another. 

PROJFXTIONS   OF    A    PYRAMID. 

Problem  105.  To  draw  a  projection  of  a 
pyramid. 

On  inspecting  figs.  283  and  284.  it  will  be 
seen  that  two  distinct  geometrical  views  are 
needed  to  convey  a  complete  idea  of  the  form 
of  the  object — namely,  a  side  view  or  elevation, 
fig.  283,  to  represent  the  sides  of  the  body,  and 
to  express  its  height  ;  and  a  plan  of  the  upper 
surface,  to  show  the  form  as  seen  in  looking 
down  on  it  from  above. 

it  should  be  observed  that  this  body  has  an 
imaginary  axis  or  center-line.  S  G,  about  which 
the  same  parts  are  equally  distant.  A  figure 
of  this  kind,  or  one  which  may  be  supposed  to 
consist  of  two  halves  of  the  same  form  joined 
together,  is  said  to  be  symmetrical.  A  prism, 
fig.  289,  or  a  cone,  tig.  295,  for  instance,  may  be 
cut  in  two  halves  through  its  axis  or  center  line, 
and  each  part  will  be  of  the  same  form.  This  is  also  true  of  a 
pyramid. 

To   represent   a   pyramid,  in   the   first   place,   a   horizontal 

*  It  will  be  observeil  that  the  6  in  fig.  280  is  shown  upside  down  in  fig.  281. 
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The  plan  or  top  view  of  the  pyramid  should  then  be  drawn. 
To  do  this  take  any  convenient  point  as  S^  below  L  T,  and,  if 
the  pyramid  is  hexagonal,  draw  a  hexagon  A'  B'  O  D'  E'  F 
about  the  point  S' .  The  methods  of  doing  this  were  described 
in  Chapter  III.     The  most  convenient  way  is  to  draw  a  circle 
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from  the  center  S',  i;»hose  diame- 
ter a  ^  is  equal  to  that  of  the  base 
of  the  pyramid  measured  over  its 
sides.  Then  with  a  T-square  and 
a  30"  and  60°  triangle  draw  the  sides 
of  the  hexagon  tangent  to  the  circle. 
This  hexagon  will  represent  the 
base  of  the  pyramid. 

Then  from  G  lay  off  a  distance  G 
S  equal  to  the  height  of  the  pyra- 
mid. In  order  to  show  the  position 
of  the  corners  of  the  base  in  the 
side  view,  fig.  283,  draw  perpen- 
dicular lines  A'  A,  B'  B,  O  C,  and 
D[  Dirom  the  corners  A'  B'  C  and 
J) ,  intersecting  the  horizontal  line 
/.  R  2X  A,  B,  C  and  D.  These 
points  will  represent  the  position  of 
the  corners  or  angles  of  the  base  of 
the  pyramid  in  fig.  283.  As  the 
sides  of  all  unite  in  a  common  point 
5,  called  the  vertex,  by  drawing 
lines  A  S,  B  S,  C  S  and  Z>  S  join- 
ing the  angles  A,  B,  Cand  D  with 
S,  they  will  represent  the  intersec- 
tions of  the  sides,  and  will  complete 
the  side  view  of  the  figure. 

To  complete  the  plan,  draw  lines 
from  the  angles  A'  B'  C'—P  to  the 
center  S'. 

Problem  106.  To  draw  the  same 
pyramid,  having  its  base  A  D.  fig. 
285,  in  an  inclined  position  to  the 
ground  line f  but  with  its  edge.  B  C, 
fig.  285,  parallel  to  the  vertical 
plane  or  the  surface  of  the  paper. 

It  is  evident  that,  with  the  ex- 
ception of  the  inclination,  the  side 
view  of  the  pyramid  will  be  the 
same  as  in  the  preceding  example, 


Fig.  283. 


Fig.  285. 


Fig.  284. 


Fig.  287. 


It- 


Fig   288. 


%^ 


Fig.  286. 

I 
and  it  is  therefore  only  necessary  to  copy  fig.  283.  For 
this  purpose,  after  having  fixed  the  position  of  the  point  D 
upon  the  ground-line  K  T,  draw'  through  this  point  an  in- 
definite straight  line  D  A,  making  with  R  7' an  angle  equal  to 
the  desired  inclination  of  the  base  of  the  pyramid.  Then  with 
a  pair  of  dividers  take  from  fig.  283  the  distance  G  A  ox  G  D, 
equal  to  half  of  the  base,  and  lay  it  off  from  D,  in  fig.  285,  to  G, 
and  from  G  lay  off  the  same  distance  G  A  ;  ihcnD  A  will  repre- 
sent the  base  of  the  inclined  pyramid.  As  the  axis  must  still, 
as  in  the  former  case,  pass  perpendicularly  through  the  center 
of  the  base,  the  line  G  S  should  be  drawn  through  G  and  per- 
pendicular to  A  D.  From  G  lay  off  the  height  G  S  equal  to 
the  height  of  the  pyramid.  Then  take  the  distance  C  D  or 
A  B,  from  fig.  283.  and  lay  it  off  from  D  and  A,  in  fig.  285, 
to  C  and  B,  which  will  be  the  positions  of  the  angles  of  the 
base.  Unite  these  angles  with  the  vertex  S  by  lines  A  S, 
B  S — D  S  and  the  side  elevation  of  the  pyramid  will  be  com- 
pleted. 

If  the  plan,  fig.  286,  of  the  inclined  pyramid  is  drawn  on  the 
same  center  line  A'  S'  on  which  fig.  284  is  represented,  draw 
from  D,  fig.  285,  a  perpendicular  line  D  D' ;  then  D'  will  repre- 
sent the  position  in  the  plan  of  the  corner  or  angle  D  on  which 
the  pyramid  rests.  In  the  same  way  draw  a  perpendicular 
from  A  intersecting  A'  S'  at  A' .  and  this  will  represent  the 
position  of  the  angle  A  in  the  plan.  As  the  sides  /"'  E'  and 
B'  C  are  supposed  to  be  parallel  with  the  horizontal  center 
line  M  N,  those  sides  may  be  most  conveniently  drawn  bv 
projecting  the  lines  F  E'  and  /?'  C,  of  fig.  284,  to  fig.  286. 
Then  from  the  angles  B  and  C,  of  fig.  2S5,  draw  perpendiculars 
B  F>  B'  and  C  E'  C  intersecting  F'  E'  and  B'  C  ;  then  E  E' 
and  B'  C  will  represent  the  positions  of  the  angles  of  the  base  in 
the  plan,  and  the  sides  A'  B',  C  D',  D'  E'  and  F'  A'  may  be 
drawn  to  complete  the  base.  The  position  of  the  vertex  S,  in 
fig.  286,  may  be  determined  by  drawing  a  perpendicular  from 
S  intersecting  M  N  at  .S"'.  Then  by  uniting  the  angles 
A'  B'  C—E,  in  fig.  286,  with  lines  drawn  to  S'  the  plan  will  be 
completed. 

Problem  107.  To  drenv  a  side  view  of  a  pyramid  none  of 
whose  sides  ate  parallel  or  perpendicular  to  a  straight  or  perpen- 
dicular line. 
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Having  drawn,  as  before,  the  vertical  S  S',  figs.  287  and  288, 
which  is  the  center  line  of  the  figures,  its  point  of  intersection 
S'  with  M  N  will  be  the  center  of  the  plan.  From  this  point, 
then,  as  a  center,  draw,  as  in  fig.  284,  a  circle  of  the  required 
diameter,  and  circumscribe  a  regular  hexagon  about  it.  Since 
none  of  the  sides  of  the  base  are  to  be  parallel  with  a  horizon- 
tal or  perpendicular  line,  draw  a  diameter  G  II,  making  the 
required  angle  with  M  N,  and  draw  lines  F'  E'  and  B'  C 
parallel  to  G  /(''and  tangent  to  the  circle.  Then  draw  a  line 
y  A' parallel  to  G  /^and  at  any  convenient  distance  from  it, 
but  outside  of  the  figure.  Lay  a  triangle  or  straight  edge  so  as 
to  coincide  with  J  K,  and  with  a  60  triangle  draw  the  sides 
A'  B',  C  D;  A'  P,  and  E'  D'  tangent  to  the  circle.  These 
lines  will  form  the  hexagon,  which  is  the  base  of  the  pyramid. 
From  the  angles  A'  B'  C'—F'  erect  perpendiculars  cutting  the 
ground-line  A  D  sx  A,  F,  B,  E,  C  and  D.  These  points  of 
intersection  will  represent  the  positions  of  the  corners  of  the 


which  represents  the  plan  of  the  intersection   of  the  cutting 
plane  with  the  pyramid. 

PROJECTION   OF   A   PRISM. 

Problem  109.  To  represent  a  regular  six-sided  prism,  which 
is  in  an  upright  position.,  in  a  side  view  and  plan. 

Ground  lines  and  center  lines  should  be  drawn,  in  figs.  28j 
and  290.  as  in  the  previous  examples.  Then  from  S  draw  a 
circle  whose  diameter  is  equal  to  the  short  diameter  of  the 
hexagonal  base,  and  circumscribe  a  hexagon  A'  B'  C  D'  E' 
F>  about  it.  Project  the  base  thus  delineated  by  perpen- 
diculars to  the  ground-line  G  A',  fig.  289,  from  each  of  its  angu- 
lar points  ;  and  since  the  prism  is  upright,  it  is  obvious  that 
these  angular  points  themselves  represent  the  horizontal  pro- 
jections of  all  its  edges,  and  that  their  elevations  coincide  with 
the  perpendiculars  A'  G,  B'  II,  etc.  Set  off  from  G  to  A  the 
height  of  the  prism,  and  through  A  draw  A  D,  parallel  to  the 


Fig.  289. 


Fig.  291 


Fig.  290. 


Fig.  292. 


Fig.  294. 


pyramid  in  the  side  elevation.  From  the  ground-line  lay  ofi" 
the  height  of  the  pyramid  to  .9,  and  draw  lines  A  S,  B  S,  C S, 
and  D  .V  and  the  side  view  will  be  completed. 

Problem   108.      To  draw  the  plan  of  a  transverse  section  of  a 
pyramid,  made  by  a  plane  cutting  it  at  an  angle  to  its  perpendicu 
lar. 

If  the  cutting  plane  is  represented  by  the  line  a  </.  fig.  287,  in 
the  elevation,  it  is  obvious  that  it  will  expose,  as  the  section  of 
the  pyramid,  a  polygon  whose  angular  points  will  be  at  the 
intersections  of  the  various  edges  or  corners  of  the  pyramid 
with  the  cutting  plane-  -that  is,  the  point  where  the  plane  a  d 
intersects  the  side  S  D  must  be  on  the  line  a  d,  in  fig.  287,  and 
on  the  line  S'  D' ,  in  fig.  288.  Consequently  by  drawing  a  per- 
pendicular d  d'  from  </ intersecting  S'  D'  at  a",  then  d'  will  rep- 
resent in  the  plan  the  point  of  intersection  of  the  plane  with  the 
corner  S  D' .  By  drawing  other  perpendicular  lines  from 
c,  e,  b,  f  and  a  interstcting  .S'  C ,  S'  B',  etc..  at  < ',  //,  etc.  the 
position  of  all  the  angles  of  the  intersecting  polygon  a'  b'  c'  d' 
e'  f  will  be  determined.  By  uniting  these  angles  by  straight 
lines  <z'  b',  b'  c' ,  etc.,  they  will  form  the  outline  of   the  polygon 


ground-line.  This  will  be  the  vertical  projection  of  the  upper 
surface.  The  edges  being  all  parallel  to  the  vertical  plane,  are, 
of  course,  seen  in  their  actual  length. 

Problem  no.  To  dra^v  the  same  prism,  supposing  it  to  have 
been  turned  on  the  point  G,  fig.  291,  and  to  stand  in  an  inclined 
position,  as  shown. 

The  method  of  proceeding  in  this  case  is  so  similar  to  that  ex- 
plained in  drawing  an  inclined  pyramid  that  little  explanation 
is  needed  excepting  that  which  the  engravings  themselves 
afford.  The  view  of  the  prism  in  fig.  291  is  exactly  like  that 
shown  by  fi^.  289,  the  position  alone  being  different.  All  that 
is  needed,  then,  is  to  draw  it  on  the  inclined  base  G  K,  and  the 
plan  may  then  be  constructed  by  projecting  perpendicular  lines 
downward,  as  explained  in  the  preceding  examples. 

Problem  in.  To  draw  the  same  prism  in  two  vie'Ms  when  it 
is  inclined  in  two  directions  or  to  both  planes  of  projection. 

Assuming  that  the  inclination  of  the  prism  upon  the  hori- 
zontal plane  is  the  same  as  in  the  preceding  figures,  which,  for 
the  sake  of  simplifying  the  operation,  we  shall  suppose  to  be 
already    constructed,    and  that  the  line  G  A',    fig.   293,   repre- 
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scnts  the  inclination  of 
the  base  to  a  horizon- 
tal plane,  and  that  the 
line  X  y,  in  fig.  2Q4,  rep- 
resents its  inclination  to 
a  vertical  plane.  The 
first  process,  then,  is  to 
copy  fig'  292,  and  draw 
it  on  the  center  line  X 
y.  To  do  this,  first  set 
of!  upon  this  line  a  dis- 
tance A'  G'  equal  to  A' 
G'  of  fig.  292  ;  transfer 
the  distances  G'  K'  and 
D'  K'  from  fig.  292  to 
fig.  294  ;  and,  in  order 
to  find  the  remaining 
angular  points,  make  A' 
a  equal  to  the  corre- 
sponding distance  in  fig. 
2Q2,  and  through  a  draw 
B'  F'  perpendicular  to 
the  center  line,  and 
transfer  the  distances  a 
B',  a  P.  Through  the 
points  B'  and  P  draw 
straight  lines  parallel  to 
A'  K\  and  join  A'  B\ 
A'  F' ;  and  since  we 
have  already  seen  that 
all  the  other  sides  of 
the  polygon  must  be  par- 
allel to  one  of  these 
two,  the  figure  may  be 
completed  by  drawing 
through  the  points  G'  D' 
and  K'  straight  lines  par- 
allel to  A'  B'  and  A'  F' 
respectively. 

Now,  since  the  prism 
has  been  supposed  to 
have  preserved  its  former 
inclination  to  the  hori- 
zontal plane,  it  is  obvi- 
ous that  every  point  in 
it,  such  as  A,  fig.  293, 
has,  in  assuming  its  new 
position,  simply  moved 
in  a  horizontal  plane, 
and  will,  therefore,  be  in 
the  line  A  A  drawn  from 
A,  of  fig.  291,  and  par- 
allel to  the  ground-line, 
and  since  the  same  point 
has  been  projected  to  A' , 
fig.  294,  it  will  also  be 
in  the  perpendicular  A' 
A  drawn  from  A',  in  fig. 
294  ;  the  point  of  inter- 
section A,  fig.  293,  is, 
therefore,  the  projection 
of  A'  in  the  elevation 
or  side  view.  The  re- 
maining angular  points, 
the  same  manner — that 
from  fig 


Fig.  297. 


Fig.  298. 


Fig.  296. 


in 


this  view,  are  all  determined  in 
is,  by  projecting  horizontal  lines 
291  and  vertical  ones  from  fig.  294  ;  and  then  joining 
the  contiguous  points  and  the  corresponding  angles  of  the  upper 
and  lower  surfaces,  we  obtain  the  complete  vertical  projection 
of  the  prism  in  its  doubly  inclined  position. 

Problem  112.  To  draw  a  side  view,  plan  and  end  view  of  a 
cylinder  zohose  axis  is  inclined  to  a  horizontal  plane. 

Let  A  B  C  D,  fig.  295,  represent  a  side  view  of  a  cylinder  the 
axis  E  F  ol  which  is  inclined  to  the  horizontal  plane  G  H.  To 
draw  the  plan,  fig.  296,  first  draw  a  center  line  D'  B'  parallel  to 
G  H,  and  at  any  convenient  distance  below  it.  Then  from  the 
corners  ABC  and  D  of  the  cylinder  draw  perpendiculars  to 
D'  J.  These  will  define  the  length  of  the  cylinder  in  the  plan. 
Next  take  a  center  S  on  D'  B'  extended,  and  with  a  radius 
^'  P  equal  to  D  F,  half  the  diameter  of  the  cylinder,  describe  a 
circle  which  will  represent  the  end  of  the  cylinder.  From  the  top 
P  and  bottom  Q  of  this  figure  project  horizontal  lines  P  L  K  and 
Q  N  M  ;  then  L  K  and  N  M  will  define  the  sides  of  the  cylinder 
in  fig.  296.  To  represent  the  outline  L  A'  N  B'  of  the  end  of 
the  cylinder  subdivide  the  line  A  B,  which  represents  the  top 
of  the  cylinder  in  fig.  295.  into  any  number  of  equal  parts 
I,  2,  3,  etc.,  in  this  case  eight,  and  draw  perpendiculars  down 
from  the  points  of  division  intersecting  D'  B'.     Next  subdivide 


the  diameter  O  J  ol  the  circle  represented  by  fig.  299  into  the 
same  ilumber  of  equal  parts,  as  A  B,  fig.  295.  has  been  divided 
into,  and  draw  perpendiculars  to  o  8'  through  these  points  and 
intersecting  the  circumference  of  the  circle.  From  the  points 
of  intersection  project  horizontal  lines  cutting  the  perpendicu- 
lars which  have  been  drawn  through  i,  2,  3,  etc.,  of  fig.  295. 
The  points  i,  2,  3,  etc.,  when  these  two  sets  of  lines  intersect 
each  other,  in  fig.  296,  will  be  points  in  the  curve  which  will 
represent  the  projection  of  the  end  of  the  cylinder  in  the  plan, 
fig.  296.  It  should  be  explained  that  the  projection  of  a  circle 
which  is  inclined  to  the  plane  on  which  it  is  represented  is 
always  an  ellipse.  The  curve  Z  .,4' A^  ^' drawn  through  the 
points  1.2,  3,  etc.,  can,  therefore,  be  drawn  in  the  manner  ex- 
plained in  Chapter  XI.  The  curve  A'  D'  M,  representing  the 
other  end  of  the  cylinder,  may  be  drawn  in  the  same  way  by 
subdividing  the  line  D  C,  which  represents  the  lower  end  of 
the  cylinder,  and  projecting  lines  down  to  //  B'.  As  the  ellipse, 
which  represents  the  lower  end  of  the  cylinder  in  the  plan,  will 
be  exactly  like  that  which  shows  the  upper  end  when  the  one 
has  been  delineated,  the  other  may  easily  be  repeated  when  its 
length  and  breadth  are  defined. 

The  explanation  of  this  method  of  drawing  the  projection  of 
the  circle,  which  represents  the  end  of  the  cylinder,  is  that  the 
perpendicular  lines  drawn  from  the  divisions  i,  2,  3,  etc.,  of  fig. 
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295,  represent  ordinates 
of    the    ellipse    in     fig. 

296,  which  is  the  pro- 
jection of  the  end  of 
the  cylinder  and  deter- 
mines the  position  of 
the  ordinates  in  fig. 
296.  The  perpendicular 
lines  in  fig.  299  are  ordi- 
nates of  the  circle 
which  represents  the 
end  of  the  cylinder,  and 
their  intersection  with 
the  circumference  gives 
their  length.  By  pro- 
jecting horizontal  lines 
from  their  extremities 
to  fig.  296  determines 
the  length  of  the  cor- 
responding ordinates  of 
the  ellipse  L  A'  X  B'. 

To  draw  an  end  view 
of  the  cylinder  A  B  CD, 
first  lay  down  a  perpen- 
dicular center  line^'  P 
at  a  convenient  distance 
on  one  side  of  fig.  295. 
On  this  line  extended 
with  a  center  S  in  any 
convenient  position  pj^  ^qq 
draw  a  circle  whose  di- 
ameter is  equal  to  that 
of  the  cylinder,  and 
from  the  two  sides  P' 
and  (^  project  perpen- 
dicular lines  P'  L'  K' 
and    Q:   N'   M'    down-  _ 

ward.  These  will  rep- 
resent the  sides  of  the 
cylinder.  Then  from 
the  points  i,  2,  3,  etc., 
on  A  B,  fig.  295,  project 
horizontal  lines  cross- 
ing ihe  center  line  A' 
P.  Next  subdivide  the 
diameter  a  b,  fig.  297, 
into  eight  equal  parts, 
and  draw  horizontal 
lines  through  the  points 
of  division  I,  2,  3,  etc., 
and  intersecting  the 
circumference  of  the 
circle.  From  these 
points  of  xintersection 
project  perpendicular 
lines  downward,  to 
intersect  the  horizon- 
tal lines  drawn  fiom  the  Fig.  301. 
points  I,  2,  3,  etc., 
of  fig.  295,  to  fig.  298, 

The  points  i,  2,  3,  etc.,  where  the  corresponding  perpendicular 
and  horizontal  lines  intersect  each  other  in  fig.  298,  will  be 
points  in  the  curve  which  represents  the  end  view  of  the  top  of 
the  cylinder. 

In  making  such  projections  it  will  often  be  well  to  subdivide 
some  of  the  divisions,  as  o  i  and  7  8,  in  figs.  295  and  297, 
through  which  projecting  lines  are  drawn  in  order  to  get  more 
points  in  some  parts  of  the  curve  to  be  laid  out.  The  circle 
shown  in  fig.  299  would  answer  for  laving  out  both  figs.  296 
and  29S  by  subdividing  the  diameter  /'  Q,  of  fig.  299,  the  same 
as  a  b  of  fig.  297,  and  drawing  horizontal  and  veriital  projection 
lines  to  fig.  298  ;  but  in  the  engravings  separate  circles  for  each 
view  have  been  represented  to  avoid  confusion. 

Pkoi'.lkm  113.  Given  the  siJe  view  oj  a  cylinder  A  B  C  D, 
fig-  3*^.  C'^  'he  direction  of  a  plane,  X  Y,  cutting  it  obliquely  to 
a  horizontal  plane  ;  required  to  find  first  the  horizontal  projection 
of  this  section  ;  and,  secondly,  the  outline  of  the  section  thus 
formed. 

First  subdivide  the  base  D  C  oi  the  cylinder  into  any  number 
of  equal  parts,  i,  2,  3,  etc.,  eight  in  this  instance,  and  draw 
perpendicular  lines  through  these  points  and  intersecting  the 
plane  A'  )'.  On  the  right  side  of  fig.  300  draw  a  vertical  center 
line  G  //  /,  fig.  303,  and  on  this  center  line  below  fig.  303  take  a 
center  .S"  and  draw  a  circle,  fig.  304.  whose  diameter  is  equal  to 
that  of  the  cylinder.  Subdivide  the  vertical  diameter  //  /  of  this 
circle  into  the  same  number  of  equal  parts  as  the  base  D  C  has 
been  divided  into,  and  draw  horizontal  lines  through  the  points 


Fig-  305- 


1  Fig.  303 


Fig,  304- 


of  division  cutting  the  circumference  of  the  circle.  From  the 
points  of  intersection  draw  vertical  lines  upward  and  from  the 
points  I',  2',  3'.  etc.,  in  the  cutting  plane  X  Y,  fig.  300,  draw 
horizontal  lints  intersecting  in  fig.  303  the  vertical  lines  drawn 
from  fig.  304.  The  points  of  intersection  i,  2,  3,  etc.,  in  fig. 
303,  will  be  points  in  the  outline  of  the  horizontal  projection 
of  the  section  X  Y. 

In  this  view  it  will  be  observed  the  section  is  foreshortened. 
To  represent  the  correct  form  of  the  section,  draw  a  center  line 
//  /  at  some  distance  from  X  Y  of  fig.  300.  and  parallel  to  it. 
From  the  points,  i'.  2',  3',  etc.,  in  the  plane  A'  Y,  draw  lines 
perpendicular  to  it  and  intersecting  //  /.  On  the  center  line 
E  F,  extended  below  fig.  300,  take  a  center  S  and  draw  a  circle, 
fig-  301.  of  a  diameter  equal  to  that  of  the  cylinder.  Extend 
the  vertical  lines  which  are  drawn  through  the  points  i,  1', 
2.  2',  3,  3'.  etc.,  so  as  to  cut  the  circumference  of  the  circle, 
fig.  301.  From  this  figure  take  with  dividers  half  the  length  i  i' 
of  the  vertical  line  included  within  the  circle  and  set  it  off  from 
the  center  line  //  /,  in  fig.  305,  on  the  line  drawn  through  l',  in 
fig.  300.  Similarly  take  the  distance  2  2'  from  fig.  301,  and  set 
it  off  in  fig.  305  on  the  line  drawn  through  2'  of  fig.  300.  In 
the  same  way  points  may  be  laid  off  on  the  other  lines  in  fig.  ■ 
305,  and  these  will  be  points  in  the  outline  of  the  section  X  Y, 
which  can  then  be  drawn  through  these  points. 

In  fig.  305,  in  order  to  save  space  and  avoid  confusion,  only 
one  half  the  outline  of  the  section  is  represented. 

(TO  BE  CONTINUED.) 
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Manufactures. 


A  New  Hand-Car. 


There  is  no  doubt  that  within  the  past  few  years  greater  at- 
tention has  been  paid  to  the  smaller  devices  connected  with  the 
maintenance  of  way  department  than  ever  before.  On  most 
roads  economy  has  been  made  necessary  by  the  prevailing 
conditions  of  railroad  operation,  and  the  effort  has  been  to  re- 
duce the  number  of  men  required  in 
every  direction  as  much  as  possible. 
The  average  section  gang  on  a  railroad 
is  now  much  smaller  than  it  used  to  be, 
and  it  is  consequently  an  object  to  reduce 
;is  much  as  possible  the  work  which  they 
are  obliged  to  do.  One  of  the  principal 
tools  of  a  section  gang  is  the  hand-car. 
The  weight  of  this  was  not  a  particular 
object  when  the  gang  consisted  of  from 
8  to  12  men,  but  when  it  was  reduced 
to  half  that  number,  to  find  a  car  which 


Belts  and  Dressings. 


Belts  should  be  cleaned  regularly,  and  after  cleaning,  a  good 
belt-dressing  should  be  applied  to  keep  the  belt  soft  and  elastic, 
and  cause  it  to  hug  the  puUey  and  transmit  its  greatest  power. 
The  use  of  a  good  belt-dressing  is  superior  in  economy  to  any 
other  method  for  correcting  a  slipping  or  slightly  loose  belt. 
The  custom  ot  tightening  a  belt  whenever  it  slips  is  not  a  good 
one.  The  belt  is  liable  to  be  made  too  tight,  which  heats  the 
bearings  and  strains  the  belt.  Great  care,  however,  should  be 
taken  in  selecting  a  belt-dressing.  Castor-oil  is  an  article  in 
very  -general  use,  but  experts   have  found  that  it  contains  an 


Fig.   2. 


Fig.  I. 

TliK   SHEFFIELD   HAND-CAR    AND   STEEL   WHEEL. 


can  be  easily  handled  by  two  or  three  men  was  certainly  an 
object.  The  accompanying  illustration  shows  a  car  which  has 
been  built  to  meet  these  conditions  ;  to  furnish  one  which  can 
carry  all  that  is  usually  necessary  and  at  the  same  time  can 
be  easily  lifted  from  the  track  by  one  or  two  men  when  it  is 
necessary  to  remove  it. 

The  greatest  problem  in  the  construction  of  such  a  car  is  to 
get  a  light  and  durable  wheel.  A  cast-iron  wheel  is  too  heavy. 
The  wheel  with  cast  hub  and  rim  and  wrought  spokes  is  not 
usually  durable,  the  spokes  very  soon  getting  loose.  A  wood- 
center  wheel  has  been  tried  and  proved  to  be  satisfactory,  but  is 
regarded  by  some  railroad  officers  as  not  as  strong  or  as  dura- 
ble as  one  entirely  of  metal.  The  wheel  which  is  shown  in  per- 
spective in  the  view  of  the  hand-car  and  in  section  in  fig.  2  is 
made  from  a  circular  plate  of  steel,  which  is  brought  to  the  de- 
sired shape  by  a  series  of  operations.  It  is  furnished  with  a 
turn-over  flange,  making  a  flange  of  sufiScient  thickness  to  run 
over  and  through  furnaces  and  switches  safely.  It  is  cut  away 
in  the  center  after  having  corrugated,  the  corrugations  adding 
to  its  strength  and  the  cutting  away  reducing  the  weight.  The 
hub  and  Hange  are  of  drop-forged  steel,  and  are  riveted  to  the 
center.  The  wheel  appears  to  be  strong  and  at  the  same  time 
light,  and  to  have  the  qualities  required  in  a  hand-car  wheel, 
while  at  the  same  time  it  is  free  from  the  objections  which  have 
been  mentioned  above,  and  from  those  which  have  been  brought 
forward  against  the  wood-center  wheel.  Of  course,  it  would 
be  well  adapted  not  only  to  hand-cars  but  for  other  kinds  of 
light  work,  such  as  contractors'  cars,  mine  cars,  and  similar 
vehicles.  It  may  be  noted,  at  the  same  time,  that  this  wheel 
and  the  processes  by  which  it  is  manufactured  are  a  good  illus- 
tration of  the  progress  which  has  been  made  in  recent  years 
in  the  methods  of  forming  and  shaping  steel. 

This  hand-car  and  wheel  are  made  by  the  Sheffield  Veloci- 
pede Car  Company  of  Three  Rivers,  Mich.,  whose  work  of  this 
class  is  well  known. 


active  acid  principle,  and  is  drying  in  its  nature.  The  use  of 
soap,  rosin,  tar,  etc.,  cannot  too  strongly  be  condemned.  They 
are  only  temporary  stimulants,  and  eventually  destroy  the  belt. 
A  belt-dressinc:  that  is  guaranteed  to  prevent  slipping,  and  at 
the  same  time  keep  the  leather  soft  and  elastic,  is  certainly 
worthy  of  careful  consideration.  Such  is  one  made  by  the 
Joseph  Dixon  Crucible  Company,  Jersey  City,  N.  J.  There 
is  no  trouble  in  applying  it,  and  all  who  have  used  it  com- 
mend it  in  the  highest  terms. 


The  Mason  Brake-Beam  Clamp. 


The  accompanying  illustration  shows  a  very  convenient  de- 
vice which  has  just  been  brought  forward  by  the  Mason  Regu- 
lator Company  of  Boston.  AH  trainmen  know  that  it  frequent- 
ly happens  on  the  road  that  the  connecting-rod  to  the  brake- 
beam  breaks,  and  that  it  is  necessary  to  draw  the  brake-beam 
toward   the  wheel  in  order  to  adjust  the  new  rod  ;  the  same 


THE   MASON   BRAKE-BEAM   CLAMP. 

thing  frequently  has  to  be  done  to  put  a  new  brake-shoe  upon 
the  oeam.  The  ordinary  method  is  to  use  a  screw-clamp,  which 
is  a  very  slow  process.  With  the  new  device  the  beam  can  be 
instantly  brought  toward  the  truck.  The  hook  B  is  passed 
over  the  car  axle  while  the  other  end  at  A  is  passed  over  the 
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brake-beam.  The  beam  is  then  pulled  forward  by  the  handle 
E,  acting  upon  the  lever  C,  the  latter  being  held  in  place  by  the 
ratchet  D ;  the  whole  forming  a  very  convenient    and  cheap 

device. 

• -♦ 

A  Compound  Universal  Wood-Worker  and  Moulder. 

The  accompanying  illustrations  show  a  very  complete  ma- 
chine which  has  just  been  brought  forward  by  the.Egan  Com- 
pany, and  which  combines  several  improvements  resulting  from 
long  experience  in  the  manufacture  of  similar  machines. 

These  two  machines,  a  9  in.  universal  wood-worker  and  an 
8-in.  four-sided  moulder,  are  on  one  frame,  cast  in  one  piece. 
They  are  driven  by  a  patent  combined  countershaft,  which  has 
no  loose  pulley,  and  which  requires  but  one  belt  from  the  line 
shaft,  thus  obviating  the  shifting  of  a  belt  to  start  or  stop  either 
machine.  The  arrangement  of  the  countershaft  is  such  that 
each  machine  is  as  independent  of  the  other  as  if  they  were 
entirely  separate.  Both  machines  can  be  run  at  one  and  the 
same  time,  or  each  independently  at  different  times  ;  all  adjust- 


WOOD-WORKER  SIDE. 


MOULDER   SIDE. 

COMBINED   UNIVERSAL   WOOD-WORKER  AND   MOULDER, 
U'ith  Patent  Coml'tncd  Countcnhaft 

ments  can  be  made  ;  heads  and  bits  can  be  put  on  or  taken  off  ; 
and  they  can  be  stopped,  started  and  operated  without  the  one 
interfering  with  the  other  in  the  least.  It  answers  the  purpose 
and  does  the  work  of  two  separate  machines,  and  occupies  but 
little  more  space,  if  any,  than  either  a  separate  wood-worker  or 
a  separate  moulder. 

The  wood-worker  side  consists  of  a  9-in.  universal  or  variety 
wood-worker,  and  has  all  the  adjustments  of  an  independent 
machine.  The  mandrel  is  made  of  steel,  and  runs  in  the  patent 
journal  box  and  slide,  by  means  of  which  the  mandrel  has  a 
lateral  adjustment  across  the  machine  ;  this  will  be  found  very 
convenient  in  gaining,  grooving,  rabbeting  and  similar  work, 
as  it  enables  the  operator,  by  a  few  turns  of  the  hand-wheel,  to 
put  the  head  to  the  exact  place  wanted,  dispensing  with  adjust- 
ing the  fence  to  an  accurate  line,  which  is  difficult  to  do.  The 
patent  outside  bearing  can  be  instantly  removed  to  facilitate  the 
changes  of  heads.  The  tables  are  long,  and  have  a  variety  of 
adjustments  which  are  easily  accorcplished.  The  tables  raise 
and  lower  on  inclines  ;  both  can  be  raised  or  lowered  together 
separately  ;  they  can  be  raised  or  lowered  with  the  circle  of  the 
head,  or  vertically,  and  each  table  can  be  moved  horizontallv 
to  or  fcom  the  head.  All  these  adjustments  are  made  from  the 
working  end  of  the  machine.  The  patent  bevel  fence  is  made 
to  adjust  to  positions  suitable  for  all  kinds  of  squaring  up, 
beveling,  cornering,  etc.  It  is  furnished  with  posts  and  springs 
to  hold  down  the  stock  when  necessary,  and  it  can  be  placed  so 
as  to  use  the  full  width  of  the  knife. 

The  moulder  side  comprises  a  four-sided  moulder,  as  com- 
plete in  every  respect,  and  as  available  as  a  separate  machine. 
Three  sizes  are  made  :  8  In.  g  in.  or  10  in.  The  bed  is  gibbed 
to  the  main  column,  working  in  planed  ways,  and  is  adjusted 
by  the  large  hand-wheel  in  front.  An  improved  clamping  de- 
vice is  provided  to  firmly  clamp  the  outside  bearing  and  bed  to 
the  main  column,  holding  them  solid  and  rigid.  The  cutter 
heads  are  steel  slotted  on  four  sides.  The  two  side  heads  and 
lower  head  raise  and  lower  with  the  bed.  Each  side  head  has  a 
lateral  adjustment,  and  can  also  be  beveled.     All  four  heads  | 


have  a  horizontal  adjustment  by  means  of  the  hand  wheels  in 
front. 

The  feed  is  powerful,  and  consists  of  four  geared  feed-rolls, 
two  above  and  two  in  the  bed,  not  shown  in  cut  ;  the  latter  are 
driven  by  expansion  gearing,  and  the  former  are  arranged  to 
lift  parallel  ;  this  allows  the  full  surface  of  the  feed-rolls  to  rest 
across  the  board,  although  it  may  vary  in  thickness.  The  out- 
side bearing  to  the  main  head  is  bolted  to  the  frame  and  reaches 
to  the  floor,  and  is  clamped  to  the  bed.  The  adjustable  box 
can  be  removed  instantly  when  a  change  of  heads  is  desired. 

The  variety  of  work  that  can  be  accomplished  with  this  com- 
bined machine,  the  ease  with  which  they  can  be  operated  to- 
gether or  separately,  and  the  small  amount  of  floor  space  occu- 
pied in  proportion  to  the  work  that  can  be  done,  makes  it  a 
valuable  tool  for  a  wood-working  establishment.  It  will  make 
all  kinds  of  mouldings,  either  straight,  circular  or  wave  ;  floor- 
ing, ceiling  or  partition  .stuff  ;  will  do  rabbeting,  gaining, 
panel-raising,  jointing,  ripping,  cross-cutting,  and  a  great  variety 
of  other  work. 

Further  information  about  this  combined  machine  can  be  ob- 
tained from  the  manufacturers,  the  Egan  Company,  whose  ad- 
dress is  Nos.  194-214  West  Front  Street,  Cincinnati,  O. 


Baltimore  Notes. 


The  Baltimore  &  Lehigh  Railroad,  now  3  ft.  gauge,  is  to  be 
widened  to  standard  gauge.  The  work  on  same  will  begin  on 
September  i,  and  will  be  pushed  to  an  early  completion,  so  as 
to  be  in  a  position  to  interchajige  traffic  with  the  Baltimore  •% 
Ohio  upon  the  completion  of  the  Belt  Road. 

Vice-President  Thomas  M.  King,  of  the  Baltimore  &  Ohio 
Railroad  Company,  says  the  through  east  and  west  trains  will  run 
by  way  of  Connellsville,  Pittsburgh  Division,  in  August,  and  via 
Pittsburgh  from  Baltimore  over  the  Pittsburgh  &  Western  to 
Akron,  O.  At  this  point  connection  will  be  made  with  the  Balti- 
more &  Ohio's  Chicago  Division  by  means  of  the  Akron  & 
Chicago  Junction  Railroad. 

An  unusual  incident  happened  recently  on  the  Baltimore  & 
Ohio.  An  express  train  was  running  east  early  in  the  morn- 
ing, and  in  the  forward  part  of  the  train  was  an  express  car 
loaded  with  horses.  One  of  the  animals  either  objected  to  the 
rapid  rate  at  which  the  train  was  running,  or  else  it  desired  to 
give  the  order  for  its  breakfast,  for  it  raised  its  head,  and  tak- 
ing the  cord  of  the  air  signal  in  its  mouth,  pulled  the  signal  on 
the  engine,  causing  the  engineer  to  stop  the  train,  and  thereby 
bringing  numerous  heads  out  of  the  windows,  to  see  if  some- 
thing was  on  the  track  or  off  the  track,  as  it  was  not  a  stopping 
place. 

The  Baltimore  &  Ohio  is  arranging  for  the  construction  of 
six  first-class  52-ft.  express  cars,  to  be  built  by  the  Pullman 
Company,  with  stationary  safes. 

The  Baltimore  Electrical  Works  Company,  incorporated 
some  lime  since,  and  located  at  Canton,  Baltimore,  has  its  en- 
tire plant  under  roof,  is  putting  in  the  machines,  and  expects  to 
have  the  entire  plant  in  operation  by  fall.  It  is  the  purpose  of 
the  Company  to  manufacture  electric  machines  and  appliances 
of  every  character. 

The  Baltimore  &  Ohio  is  constructing  several  miles  of  new 
track,  which,  when  completed,  will  be  known  as  the  New  Cut- 
off, and  will  begin  at  the  point  of  intersection  of  the  Balti- 
more &  Ohio  and  the  Baltimore  &  Potomac,  about  three  miles 
east  of  Relay  Station,  and  run  to  a  point  on  the  Washington 
Branch  between  Elkridge  Landing  and  Annapolis  Junction. 
By  this  additional  track  the  Baltimore  &  Ohio  expects  to  reduce 
the  time  of  the  New  York  trains  about  ten  minutes.  Messrs. 
Ryan  &■  McDonald,  contractors  of  the  Belt  Line  Road,  have 
arranged  to  use  the  dirt  from  the  Howard  Street  tunnel  for  fill- 
ing on  the  New  Cut-off,  and  will  load  the  same  in  cars  at  Cam- 
den Station  by  means  of  an  overhead  railway. 

The  Maryland  Central  Railroad  Company  and  the  York  & 
Peach  Bottom  Railroad  Company  have  consolidated  under  the 
title  of  the  Baltimore  &  Lehigh  Railroad  Company,  and  instruc- 
tions have  been  issued  to  have  the  equipment  of  the  two  roads 
lettered  accordingly.  It  is  not  yet  known  whether  there  will 
be  any  change  in  the  management. 

The  Baltimore  &  Ohio's  Continental  Fast  Freight  Line  will 
soon  be  put  into  operation.  The  trains  for  this  service  will 
consist  of  special  box  and  gondola  cars,  equipped  with  auto- 
matic brakes  and  couplers.  The  engines  with  which  the  trains 
will  be  hauled  are  equipped  with  Westinghouse  air  brake,  in- 
cluding the  American  driver  brake. 

The  South  Baltimore  Car  Works,  Curtis  Bay,  have  arranged 
with  the  Baltimore  &  Ohio  to  handle  150  thorough  repair  cars 
per  month. 
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The  Serve  Ribbed  Boiler  Tubes. 


The  table  below  gives  in  condensed  form  the  result  of  com- 
parative trials  of  these  tubes,  made  recently  at  the  shops  of  the 
Samuel  L.  Moore  &  Sons  Company,  in  Elizabeth,  N.  j. 

The  boiler  used  was  an  upright  tubular  of  the  usual  pattern, 
42  in.  diameter,  with  36  in.  furnace,  24  in.  high,  and  63  tubes 
2i  in.  in  diameter  and  6  ft.'  long  ;  7  sq.  ft.  grate  surface,  287  sq. 
ft.  heating  surface.  It  was  run  for  six  days  with  plain  tubes, 
and  then  for  six  days  with  Serv6  ribbed  tubes. 


Pounds  of  Coal  pkr  100  Pounds  of  Water 
Evaporated. 

i    Increase 
Economy             j^ 

°'                steam 
coal  p.c.        generated 

i 

Draft. 

Plain 
tubes. 

Ribbed 
tubes. 

Natural  draft  i^ 

19.7a 

16.7 

91.37 

i3-*5 
i3.ax 

14.8 

30.83  p.c.       18.03  p.c. 

Forced  draft  i^ 

21.08  p.c.         qo.g?  p.c. 

Forced  draft  H 

V>.74.  D.C.           A6.46  p.c. 

Increase  by  Serv6 
tubes  over 
plain  tubes. 

Total 
evapora- 
tion. 

Evapora- 
tion per 
lbs.  of 
combus^n. 

Extreme 
evaporation. 

Natural  draft  U 

18.03  p.c. 
30.97  p.c. 

46.46  p.c. 

57.54  p.c. 
3a  68  p.c. 

46.84  p.c. 

8,460  lbs.  for  plain  tube. 

Forced  draft  ^ 

Forced  draft  J4 

14,000  lbs.  for  ribbed 
tubes. 

Increase  65.5  per  ct. 

Each  day's  trial  lasted  8  hours  ;  32.35  lbs.  of  wood  and  150 
lbs.  of  coal  were  used  to  start  the  fire  and  to  raise  steam  to  70 
lbs.  pressure,  after  which  the  trial  immediately  commenced. 
Steam  was  kept  at  70  lbs.  pressure,  and  the  water  level  at  7  in. 
in  the  glass  as  nearly  as  possible,  and  both  were  at  these  points 
at  the  end  of  the  trial.     In  the  last  day's  tiial  alone,  steam  was 


SERVE'S   RIBBED   BOILER   TUBE; 

kept  at  about  100  lbs.  pressure  in  order  to  obtain  the  high  draft 
and  dry  steam.  The  water  level  was  also  about  3  in.  in  the 
glass. 

The  soot  scraped  out  of  the  plain  tubes  after  the  six  days' 
trial  was  i\  lbs.  That  scraped  from  the  Serve  tubes  after  the 
six  days'  trial  was  3  lbs. 

The  accompanying  illustration  is  a  section  of  one  of  the 
ribbed  tubes.  They  were  first  illustrated  and  described  in  the 
Journal  some  time  ago. 


A  New  Water  Lift. 


An  arrangement  for  filling  waler-tanks  for  railroad  or  other 
purposes  has  recently  been  invented  by  Messrs.  Burt  and  John 
W.  Skilton  of  Jacksonville,  Fla.  It  is  especially  adapted  for 
the  use  of  railroads  where  the  motive  power  is  always  at  hand, 
and  can  be  used  wherever  there  is  a  pond  or  well  near  the  tank. 
A  tank  with  a  bucket  containing  any  desired  quantity  of  water 


— for  service  from  1,500  to  2,000  galls,  would  be  most  con- 
venient—is made,  which  can  be  lowered  into  the  well.  The 
hoisting  apparatus  by  which  this  bucket  is  raised  is  so  arranged 
that  a  rope  can  be  attached  to  a  locomotive  and  by  running  the 
engine  from  200  to  400  ft.  along  the  track,  according  to  the 
dep^h  of  the  well,  the  bucket  can  be  lifted  to  the  level  of  the 
stationary  tank,  when  its  outlet  is  automatically  opened  and  the 
water  is  allowed  to  run  into  the  tank.  The  bucket  is  then  auto- 
matically detachtrd  from  the  hoisting  rope  and  falls  back  into 
the  well,  the  rate  of  speed  in  its  fall  being  regulated  by  a  gov- 
ernor, which  is  placed  upon  the  ground,  and  can  be  attached  to 
the  rope  holding  the  bucket. 

This  apparatus  seems  to  be  especially  adapted  for  the  use  of 
railroads  at  stations  where  it  is  not  convenient  to  maintain  a 
pumping  engine,  as  a  train  stopping  to  water  can  fill  the  tank 
in  a  veiy  short  lime,  and  the  expense  of  maintaining  the  engine 
and  keeping  a  man  to  operate  it  can  be  avoided. 

This  apparatus  is  10  be  introduced  on  several  lines  in  Florida, 

and  will  be  manufactured  by  the  Acme  Water  Lift  Company  of 

Jacksonville. 

-♦- 

General  Notes. 


The  Baltimore  &  Ohio  Railroad  Company  has  contracted  for 
40  passenger  roaches,  to  be  built  by  Pullman's  Palace  Car 
Company.  The  cars  are  to  be  48  ft.  6  in.  long  over  end  sills. 
It  is  understood  that  part  of  them  will  be  built  at  Pullman  and 
some  at  the  Detroit  shops. 

The  Consolidated  Car  Heating  Company  has  established  a 
new  department  in  its  business,  to  be  known  as  the  Equipping 
Department,  and  it  will  be  under  the  charge  of  Mr.  j.  H. 
Sewall,  as  Superintendent  of  Equipment,  with  headquarters  in 
Chicago.  He  will  have  charge  of  the  application  of  all  the 
company's  appliances  on  cars  throughout  the  United  States  and 
Canada. 

One  of  the  largest  sailing  vessels  ever  built  on  the  Delawate 
was  launched  from  the  yard  of  the  Jackson  &  Sharp  Manu- 
facturing Company  at  Wilmington,  Del.,  June  20.  This  ship 
is  180  ft.  length  of  keel,  40  ft.  beam,  and  17  ft.  depth  of  hold. 
She  will  have  four  masts,  with  a  fore-and-aft  rig.  The  masts 
will  be  each  97  It.  long  and  the  topmasts  52  ft.  long,  making  the 
entire  length  149  fL  The  bowsprK  will  be  47  ft.  in  length,  and 
the  total  sail  area  will  be  about  5,000  sq.  yds.  of  canvas.  The 
vessel  has  steam  hoisting  engines,  and  the  anchor,  sails  and 
cargo  will  be  handled  entirely  by  steam. 

The  Wason  Manufacturing  Company,  Springfield,  Mass.,  is 
building  10  passenger  cars  for  the  Boston  &  Maine  Railroad  to 
be  used  in  suburban  service.  They  are  smaller  than  the  usual 
car,  being  only  40  ft.  in  length,  and  will  have  seats  for  48  pas- 
sengers. The  cars  will  weigh  30,000  lbs.,  and  will  be  hand- 
somely finished.  They  will  be  arranged  with  16  longitudinal 
seats  at  each  end,  eight  on  a  side,  and  in  the  middle  three  cross- 
seats  of  the  usual  pattern,  the  general  arrangement  being  very 
similar  to  the  cars  on  the  New  York  Elevated  Road. 

We  are  informed  that  in  the  case  of  the  Dunham  Manufactur- 
ing Company — now  the  Q.  &  C.  Company — against  the  Coburn 
Trolley  Track  Manufacturing  Company,  in  the  United  States 
Circuit  Court  for  Massachusetts,  a  final  decree  and  permanent 
injunction  has  been  granted  agaiiKt  the  Coburn  Company  for 
infringement  of  patent. 

The  firm  of  Gordon,  Strobel  &  Laureau,  Limited,  of  Phila- 
delphia, has  become  the  Philadelphia  Engineering  Works, 
Limited.  It  has  added  to  the  business  of  the  old  firm  a  special 
department  for  the  manufacture  of  high-class  Corliss  engines  of 
all  types,  and  high-speed  traveling  cranes  driven  by  rope, 
square  shaft  or  electrical  transmission  of  power. 

The  Pennsylvania  Steel  Company's  Sparrow's  Point,  Md., 
branch  has  been  reorganized  under  the  name  of  the  Maryland 
Steel  Company,  and  has  secured  a  charter  in  that  State.  Mr. 
F.  W.  Wood,  General  Manager  of  the  Pennsylvania  Steel 
Company,  was  made  the  President  of  the  new  company.  The 
change  was  made  in  order  to  facilitate  the  transaction  of  busi- 
ness, it  having  been  found  desirable  to  operate  under  a  charter 
received  from  the  State  in  which  the  plant  is  located. 

In  the  United  Slates  Circuit  Court  at  Cleveland,  O.,  the 
second  application  of  the  Pittsburgh  Reduction  Cotnpany  for 
an  injunction  to  prevent  the  Cowles  Electric  Smelting  & 
Aluminum  Company  from  manufacturing  aluminum  has  been 
refused.  This  is  regarded  as  a  decided  victory  for  the  Cowles 
Company.  :'/. 

The  National  Tube  Works  Company  of  McKeesport,  Pa., 
which  is  chiefly  owned  in  Boston,  is  to  be  reorganized.  A  new 
company  is  to  be  organized  under  the  laws  of  New  Jersey 
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which  will  also  include  the  Monongahela  Furnace  Company. 
the  Republican  Iron  Works,  and  the  Boston  Iron  and  Steel 
Company,  allied  concerns  with  the  same  ownership.  The  new 
company  will  have  a  capital  of  ij;!  1.500,000.  The  concerns 
have  always  been  very  prosperous,  doing  a  large  business. 

The  Richmond  Locomotive  Works,  Richmond,  Va.,  are  build- 
ing 10  ten-wheel  locomotives,  with  ig  x  24-in.  cylinders,  (or 
the  Chesapeake  &  Ohio  ;  4  eight-wheel  engines,  with  18  x  24- 
in.  cylinders,  for  the  Seaboard  Air  Line  ;  2  eight-wheel  pas- 
senger engines  with  18  x  24-in.  cylinders  ;  7  ten-wheel  engines 
with  17  X  24-in.  cylinders,  and  one  switching  engine  with  17  x 
24-in.  cylinders  for  the  Louisville  Southern  ;  2  eight-wheel  en- 
gines for  the  Wilmington,  Onslow  <S:  Carolina  Railroad. 

The  contract  for  a  steel  steamer  to  be  used  in  New  York 
Harbor  by  the  Quartermaster's  Department  of  the  army  has  been 
let  to  John  H.  Dialogue,  Camden,  N.  J.,  for  $57,000.  This 
vessel  will  be  132  ft.  long,  and  will  be  propelled  by  twin  screws. 
The  engines  will  be  compound,  with  cylinders  14  in.  and  26 
in.  in  diameter  and  iS  in.  stroke.  Steam  will  be  supplied  by 
two  boilers  7  ft.  y"'^  in.  in  diameter  and  17  ft.  long,  built  to 
carry  no  lbs.  pressure. 

The  Allegheny  County  Light  Company  in  Pittsburgh  now  has 
19  Westinghouse  engines  running  dynamos  in  its  three  electric 
light  stations.  In  Station  A  there  are  three  iS  X  16  standard, 
three  8^  x  8  standard,  and  four  14  and  24  X  16  compound  en- 
gines ;  in  Station  B  three  iS  and  30  X  16  ompound,  two 
15^^  X  14  standard,  and  two  13^  X  12  standard  ;  in  Station 
Cone  14  and  24  X  14  compound  and  one  13^  X  12  standard  en- 
gine. These  ly  engines  are  rated  altogether  at  3.605  H.P. 
The  only  other  engine  used  by  the  Company  is  a  spo-H.P, 
Corliss. 

The  St.  Charles  Car  Company,  St.  Charles,  Mo.,  has  just 
completed  a  number  of  provision  cars  for  the  Armour  Company, 
and  is  working  on  orders  for  250  box  cars  for  the  Wabash  ;  200 
cars  for  the  Iowa  Central  ;  500  cars  for  the  Mexican  National,  and 
500  coal  cars  for  the  Choctaw  Coal  &  Railroad  Company.  The 
Company  has  just  completed  a  very  handsome  passenger  train 
for  the  St.  Louis,  Hannibal  ^^  Keokuk  Railroad,  consisting  of 
baggage  car,  smoking  car  and  two  chair  cars  ;  the  latter  are 
fitted  with  Scarritt-Forney  seats,  and  the  whole  train  has  the 
latest  improvements  in  heating,  lighting,  etc.  Two  chair  cars, 
with  Scarritt  reclining  chairs,  and  three  sleeping-cars  are  also 
nearly  finished. 

In  the  new  Pennsylvania  Railroad  Shops  at  Altoona,  a  spe- 
cial type  of  locomotive  boiler  is  used,  so  modified  as  to  adapt  it 
10  the  use  of  a  mechanical  stoker.  The  Roney  stoker  is  used 
here,  and  in  connection  with  it  is  a  complete  plant  of  machinery 
lor  handling  coal  and  ashes,  so  that  the  labor  in  the  fire-room 
is  very  small.  In  arranging  the  engine  plant  the  principle  of 
subdivided  power  has  been  adopted  throughout,  and  there  are 
in  the  shops  17  engines,  all  of  the  Westinghouse  pattern,  as 
follows:  Two  15-H.P.,  one  25-H.P.,  and  two  50-H.P.  West- 
inghouse junior  engines;  two  5  HP.,  one  25-H.P.,  and  one 
35-H.P.  Westinghouse  standard  engines  ;  three  35-H.P.,  three 
65-H.P.,  and  two  80-H.P.  compound  engines.  Steam  loops 
and  separators  are  used  wherever  necessary  to  protect  the  en- 
gine and  economize  fuel.  The  contract  for  the  entire  power 
and  plant  was  taken  by  Westinghouse,  Church,  Kerr  &  Com- 
pany. 

The  contract  for  the  new  cable  driving  plant  for  the  Brooklyn 
Bridge  has  been  awarded  to  the  Robert  Poole  tS:  Sons  Com- 
pany, of  Baltimore.     The  amount  of  the  contract  is  5569, 143. 


PERSONALS. 


G.  L.  Nicholson  is  now  Engineer  and  Superintendent  of  the 
Chesapeake  &  Ohio  Canal. 

J.  F.  BoYo  is  now  Superintendent  of  the  Montalto  Railroad, 
succeeding  the  late  Colonel  George  B.  Wiestling. 

N.  O.  Duerr,  formerly  with  Messrs.  Cofrode  &  Saylor,  is 
now  in  charge  of  the  office  of  the  Toledo  Bridge  Company. 

W.  J.  Wilcox  is  now  Master  Mechanic  of  the  Charleston, 
Cincinnati  &  Chicago  Railroad,  with  office  at  Blacksburg,  S.  C. 

W.  G.  Choate  is  appointed  .Superintendent  of  the  Rio 
Grande  Junction  Railway,  in  place  of  Tho.\ias  Saunders,  who 
has  resigned. 

W.  F.  Dl'rand,  late  of  the  Agricultural  College  of  Michigan, 
is  now  Professor  of  Mechanical  Engineering  at  Pardue  Uni- 
rersity,  Lafayette,  Ind. 


E.  Handy  has  been  appointed  Chief  Engineer  of  the  Lake 
Shore  &  Michigan  Southern  Railroad,  in  place  of  G.  H.  Kim- 
KALL,  who  has  resigned. 

William  E.  Simonds,  of  Connecticut,  has  been  appointed 
Commissioner  of  Patents  by  the  President,  to  succeed  Charlks 
E.  Mitchell,  who  has  resigned. 

Alhert  N.  Connett  has  been  appointed  Chief  Engineer  of 
the  Baltimore  City  Passenger  Railroad.  He  was  recently  in 
charge  of  construction  of  part  of  the  Broadway  cable  road  in 
New  York. 

W.  G.  Williamson,  late  of  Montgomery,  Ala.,  is  now  As- 
sistant Engineer  in  charge  of  the  Elk  River  Division  of  the 
Mussel  Shoals  Improvement  on  the  Tennessee  River.  His 
headquarters  are  at  Wheeler,  Ala. 

George  B.  Burhank  is  now  Resident  Consulting  Engineer 
to  the  Cataract  Construction  Company,  which  is  building  the 
water-power  tunnel  at  Niagara.  He  was  recently  connected 
with  the  Croton  Aqueduct  in  New  York. 

Frank  L.  Nason,  recently  connected  with  the  New  Jersey 
Geological  Survey,  has  been  appointed  Assistant  Geologist  ot 
the  Missouri  Geological  Survey,  and  will  have  especial  charge 
of  the  examination  of  the  iron  ores  of  the  State. 

Pr'ikessor  a.  T.  Woods,  well  known  as  a  writer  on  mechani- 
cal topics,   has  resigned   the   professorship  of  mechanical  en 
gineering  in  the  Illinois  State  University  to  become  Professor 
of  Dynamic  Engineering  in  Washington  University  at  St.  Louis. 

H.  F.  Perley,  Chief  Engineer  of  the  Department  of  Public 
Works  of  the  Dominion  of  Canada,  has  been  suspended  from 
olKce  until  charges  made  against  him  can  be  investigated.  The 
charges  are  that  he  permitted  his  wife  to  receive  valuable  pres- 
ents from  a  contractor. 

M.  L.  Hinman.  Treasurer  of  the  Brooks  Locomotive  Works, 
has  been  chosen  President  o  the  Lake  Shore  Bank  at  Dunkirk, 
N.  Y.  Mr.  Hinman  has  frequently  been  called  upon  to  hold 
pos  tions  of  trust,  and  this  election  is  another  instance  of  the 
esteem  in  which  he  is  held  at  home. 

Colonel  V.  E.  McBee  has  been  appointed  General  Superin 
tendent  of  the  Central  Railroad  of  Georgia.     He  is  a  railroad 
officer  of    much  experience.      R.   R.    Bridgers,  Jr.,  succeeds 
Colonel  McBee  as  Superintendent  of  the  Western  North  Caro- 
lina Division  of  the  Richmond  &  Danville  Railroad. 

James  K.  Geddes  has  been  appointed  General  Manager  of 
the  Bellaire,  Zanesville&  Cincinnati  Railroad  in  place  of  W.  R. 
Crumpton,  who  has  gone  to  the  Baltimore  &  Lehigh  Railroad 
as  General  Manager.  Mr.  Geddes  will  continue  Chief  Engineer 
of  the  road,  and  will  retain  his  office  at  Zanesville,  Ohio. 

Professor  Mark  W.  Harrington  has  been  appointed 
Chief  of  the  Weather  Bureau,  which  on  July  i  was  transferred 
from  the  War  to  the  Agricultural  Department.  Professor  Har- 
rington is  well  known  as  a  meteorologist,  and  has  been  for 
some  years  past  connected  with  the  University  of  Michigan. 

Assistant  Naval  Constructors  John  G.  Tawresey  and 
William  V^ansant,  who- were  sent  by  the  Navy  Department  to 
the  School  of  Naval  Architecture  at  Greenwich,  England,  have 
graduated.  Mr.  Vansant  stood  No.  i  and  Mr.  Tawresey  No.  5 
in  the  class,  which  consisted  of  50  officers  from  the  English  and 
other  services. 

Naval  Cadets  Henry  G.  Smith,  Horatio  G.  Gilmer,  Rich- 
ard M.  Wait,  and  Lawrence  Spear  have  been  ordered  to 
duty  in  the  Construction  Department — Cadets  Smith  and  Gilmer 
at  the  New  York  Navy  Yard,  Cadets  Watt  ana  Spear  at  the  Nor- 
folk Yard.  It  is  understood  that  they  will  shortly  be  tent 
abroad  to  take  a  special  course  in  naval  architecture. 

William  Hamilton  Hall,  formerly  State  Engineer,  has 
been  selected  by  the  State  Association  of  Irrigating  Districts  of 
California  as  Consulting  Engineer  to  report  on  questions  of 
water  supply  and  irrigation,  and  to  supervise  the  work  of  the 
district  engineers.  Mr.  Hall  is  well  qualified  for  this  work  by 
experience,  and  by  his  familiarity  both  with  the  general  ques- 
tion of  irrigation  and  its  speciaK applications  in  California. 

Chauncey  Smith,  of  Cambridge,  was  appointed  Railroad 
Commissioner  of  Massachusetts  in  place  of  George  C.  Crocker, 
whose  term  has  expired.  Mr.  Smith  is  one  of  the  most  eminent 
patent  lawyers  in  the  country,  has  a  thorough  knowledge  of  all 
mechanical  and  electrical  matters,  has  taken  an  active  interest 
in  and  made  a  close  study  of  public  and  social  questions.  The 
Executive  Council,  however,  failed  to  confirm  the  Governor's 
appointment,  and  Mr.  Crocker  holds  over.Jj 
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Professor  George  M.  Mowbray,  who  died  at  North 
Adams,  Mass.,  June  21,  aged  bO  years,  was  a  high  authority  on 
the  use  of  explosives  in  engineering  work.  He  was  specially 
well  known  from  the  fact  that  he  manufactured  the  explosives 
used  in  the  construction  of  the  Hoosac  Tunnel. 


George  G.  Halstead,  who  died  in  Paterson,  N.  J.,  July  12, 
aged  45  years,  was  for  nearly  25  years  a  surveyor,  and  for 
vears  past  had  been  regarded  as  final  authority  on  boundaries 
and  land  titles  in  Passaic  County,  and  indeed  all  through  the 
northern  part  of  New  Jersey.  Few  men  have  had  a  more 
thorough  knowledge  of  land  surveying  and  local  history. 


Samuel  H.  Kettlewell,  who  died  recently  in  Baltimore, 
was  an  engineer  of  considerable  experience.  He  was  topo- 
graphical engineer  to  the  commission  which  laid  down  the 
boundary  line  between  Mexico  and  the  United  States  about 
1S50.  Later  he  was  employed  in  surveys  made  for  a  canal  across 
the  Isthmus  of  Darien.  During  the  late  war  he  was  topograph- 
ical engineer  in  the  Army  of  Northern  Virginia  in  the  Confed- 
erate  service. 


Colonel  George  B.  Wiestling,  who  died  at  Montalto 
Park,  Pa.,  June  15,  aged  56  years,  was  for  a  number  of  years 
employed  on  the  Pennsylvania  Railroad  as  a  civil  engineer. 
Later  he  was  on  the  Delaware,  Lackawanna  &  Western,  and  built 
the  long  tunnel  near  Oxford  Furnace,  N.  J.  He  served  with 
distinction  during  the  War  as  an  officer  of  artillery.  For  some 
years  past  he  has  been  Superintendent  of  the  Montalto  Rail- 
road and  President  of  the  Montalto  Iron  Company. 


Richard  Poillon,  who  died  in  New  York,  July  4,  aged  73 
years,  was  an  old  and  successful  shipbuilder.  He  learned  the 
business  from  his  father  and  conducted  it  for  many  years,  at 
first  with  his  brother  and  later  with  his  son.  During  the  war 
Poillon  Brothers  built  several  vessels  for  the  Government,  and 
about  1S72  they  built  two  war-ships  for  Japan,  the  first  modern 
vessels  of  the  Japanese  Navy.  Of  late  years  the  firm  was  chief- 
ly engaged  in  building  yachts,  and  their  yards  turned  out  the 
Sappho,  the  Dnadnaught,  and  several  others  famous  for  speed. 


William  Gustavus  Waller,  who  died  in  Baton  Rouge,  La., 
June  13,  aged  78  years,  was  born  near  Schenectady,  N.  Y.  He 
early  became  an  engineer,  and  was  for  a  time  in  government 
service  ;  later  he  was  employed  on  the  Philadelphia  it  Reading, 
and  afterward  on  several  railroads  in  Virginia.  He  went  to 
Louisiana  about  1S43,  and  for  many  years  was  a  leading  civil 
engineer  and  surveyor  in  that  State.  For  many  years  he  kept 
full  and  accurate  accounts  of  the  state  of  the  Mississippi,  and 
his  reports  have  been  frequently  quoted  and  referred  to  as 
authority. 

General  Albert  G.  Blanchard,  who  died  in  New  Orleans, 
June  21,  aged  81  years,  graduated  from  West  Point  in  1829, 
and  served  in  the  Army  until  1S40,  when  he  resigned  and  settled 
in  New  Orleans.  He  returned  to  the  Army  later,  and  served 
during  the  Mexican  War.  Later  he  made  all  the  surveys  for 
the  old  New  Orleans,  Opelousas  &  Great  Western  Railroad, 
and  for  several  other  projected  lines.  During  the  late  war  he 
served  in  the  Confederate  Army,  rising  to  the  rank  of  brigadier- 
general.  Since  the  war  he  has  been  employed  as  consulting 
engineer  for  several  important  enterprises. 


Charles  Albert  Festetics,  who  died  in  Jersey  City,  N.  J., 
June  25,  aged  51  years,  was  born  in  Hungary,  and  served  for  a 
lime  in  the  Austrian  Army.  He  came  to  this  country  in  1S66, 
and  was  for  a  time  Assistant  to  General  C.  P.  Stone  in  the  sfir- 
veys  for  the  Florida  Ship  Canal.  Subsequently  he  was  Con- 
structing Engineer  of  the  Texas  &  Pacific  Railroad.  For  sev- 
eral years  he  was  on  the  New  York  Central  «&  Hudson  River, 
and  had  charge  of  the  building  of  the  third  and  fourth  tracks 
between  Albany  and  Buftalo.  For  several  years  he  was  with 
the  Cornell  Iron  Works  in  New  York.  At  the  lime  of  his  death 
he  was  Chief  Engineer  of  the  Alabama  Coal  &  Iron  Company. 


Edward  Burgess,  who  died  in  Boston,  July  12,  aged  43 
years,  was  born  in  West  Sandwich,  Mass.,  graduated  from 
Harvard  College,  and  was  for  a  short  time  employed  as  an  in- 
structor there.  In  1873  he  began  a  remarkable  career  as  a  de- 
signer of  yachts,  and  entered  into  business  as  a  naval  architect 


in  Boston.  He  soon  became  famous  for  his  fast  boats,  and 
over  100  of  the  most  noted  American  yachts  have  been  built  on 
his  designs,  including  such  boats  as  the  Sachem,  the  IVtaith, 
the  Titania.  and  the  three  famous  flyers,  the  Puritan,  May- 
flower and  Volunteer.  Mr.  Burgess  served  in  18S7  as  a  mem- 
b:  r  of  the  Naval  Board  to  award  prizes  for  designs  of  cruisers 
and  battle  ships,  and  for  three  years  past  had  been  a  member 
of  the  Board  on  Life-Saving  Appliances  in  the  United  States 
service. 


PROCEEDINGS  OF    SOCIETIES. 


New  England  Roadmasters'  Association. — The  ninth  an- 
nual meeting  of  this  Association  will  be  held  in  Boston,  August 
19  and  20. 

Committees  have  been  appointed  to  report  upon  the  follow- 
ing questions  : 

1.  Track  Joints  ;  trouble  experienced  with  joints  now  in  use, 
and  points  which  new  ones  should  cover. 

2.  Fences,  Cattle  Guards,  and  Railroad  Crossings. 

3.  Best  Method  of  Securing  Rails  to  Ties  outside  of  Joints  ; 
Holding  gauge  on  curves,  spikes,  braces,  plates,  etc. 

4.  To  what  Exte(^  can  Wear  on  Locomotive  Driving-Wheel 
Tires  be  allowed  before  general  economy  demands  that  they 
should  be  repaired  ? 

International  Congress  of  Geologists.— The  Fifth  Inter- 
national Geological  Congress  will  be  held  in  Washington,  Au- 
gust 26  and  the  Committee  on  Organization  has  already 
arranged  the  details.  The  meetings  will  be  held  in  the  rooms 
of  the  Columbian  University,  where  sufficient  room  has  been 
set  aside  for  this  purpose. 

The  meetings  of  the  American  Association  for  the  Advance- 
ment of  Science,  and  of  the  Geological  Society  of  America, 
which  will  take  place  during  the  week  preceding  that  of  the 
meeting  of  the  congress,  will  be  held  in  the  same  building. 
The  daily  programme  of  the  several  meetings  is  as  follows  : 

Aug.  19  to  22. — Meetings  of  the  various  sections  of  the 
American  Association  for  the  Advancement  of  Science.  The 
foreign  members  of  the  congress  have  been  made  honorary  as- 
sociate members  of  the  association  by  its  council,  and  arc 
thereby  entitled  to  take  part  in  its  geological  and  archaeological 
excursions  in  the  vicinity  of  Washington,  and  to  avail  them- 
selves of  the  reduced  rates  of  fare  on  railroads  which  are  ac- 
corded to  its  members.  American  members  of  the  congress 
who  are  not  already  members  of  the  association  are  invited  to 
join  it  at  the  present  meeting. 

Aug.  24  and  25. — Meetings  of  the  Geological  Society  of 
America.  The  foreign  members  of  the  congress  are  likewise 
invited  to  attend  the  meetings  of  this  society,  to  contribute 
papers,  and  to  take  part  in  the  present  meeting. 

Aug.  26  to  Sept.  2. — Meetings  of  the  International  Congress 
of  Geologists. 

Besides  the  regular  subjects  of  discussion,  such  as  unfinished 
business  of  the  former  congress,  reports  of  committees,  etc.,  the 
Committee  on  Organization  recommends  that  the  following  sub- 
jects be  made  special  topics  for  the  consideration  of  the  con- 
gress at  this  meeting  :  (I)  Time  correlation  of  the  plastic  rocks  ; 

(I)  correlation  by  structural  data;  (<?)  by  stratigraphical  data, 
{b)  by  lithological  data,  (c)  by  physiographical  data  ;  (2)  correla- 
tion by  paleontological  data  ;  U)  by  fossil  plants,  (b)  by  fossil 
animals  ;  or  {a)  by  marine    fossils,  {,b)  by  terrestrial  fossils  : 

(II)  General  geological  color  schemes  and  other  graphic  conven- 
tions :  (III)  Genetic  classification  of  the  pleistocene  rocks. 

The  Committee  has  arranged  for  several  excursions  to  take 
place  after  the  meeting,  in  which  those  attending  the  Congress, 
whether  from  this  country  or  from  foreign  countries,  can  take 
part.  A  long  excursion  which  will  occupy  about  twenty-five  days 
will  enable  visitors  to  see  the  best  scenery  and  most  interesting 
geological  phenomena  in  the  Eastern  States,  the  Mississippi 
V^alleyand  the  Rocky  Mountain  region,  concluding  with  a  week 
in  the  Yellowstone  National  Park.  Should  sufficient  members 
join,  shorter  excursions  will  be  made  through  the  South  Appa- 
lachian region,  the  copper  and  iron  regions  of  Lake  Superior, 
and  through  the  oil  region  of  Pennsylvania  to  Niagara  Falls  and 
thence  down  the  St.  Lawrence  to  Montreal  and  Quebec. 


Master  Car-Builders'  Association. — A  circular  from  Secre- 
tary John  W.  Cloud  submits  to  letter-ballot  the  various  ques- 
tions which  were  so  referred  at  the  recent  convention.  They 
are  as  follows  : 

A.  On  the  recommendations  made  by  the  Committee  on  Let- 
tering Freight  Cars  as  to  standard  practice. 

B,  On  tb^'feystcm  of  Joint  Inspection,  the  form  of  Joint  In- 
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spection  Agreement,  and  the   rules  governing  Joint  Car  In- 
spection as  reported  by  the  Committee. 

C.  On  the  form  of  report  of  Defective  Cars  received  and  de- 
livered which  was  proposed  by  the  Committee. 

D.  On  the  form  of  joint  Inspection  Defect  Card  proposed  by 
the  Committee. 

E.  On  the  proposed  change  of  the  standard  size  of  pin  in  the 
Air-brake  Standards  of  the  Association  from  i-J^  in.  to  i^.^  in. 
in  diameter. 

F.  On  rescinding  the  action  of  the  Association  in  adopting 
the  Fletcher  journal-box  lid  as  ,\  standard. 

G.  On  the  adoption  of  the  journal-box,  bearing,  wedge  and 
lid  for  60,000  lbs.  cars  as  submitted  by  the  Committee. 

H.  On  the  modification  of  the  old  standard  Journal-box  to 
receive  a  lid  similar  to  that  proposed  for  the  Journal-box  for 
60,000  lbs.  cars,  and  the  adoption  of  that  lid  as  a  standard. 

The  votes  will  be  counted  on  September  2  next,  and  ballots 
received  after  that  date  will  not  be  admitted. 

The  Secretary  aUn  announces  that  the  Revised  Rules  of  In- 
terchange are  now  ready  for  distribution. 


Boston  Society  of  Civil  Engineers. — At  the  r.^gular  May 
meeiihg,  in  Bjston,  Mass.,  James  B.  Francis  and  Samuel 
Nott  were  chosen  honorary  members.  The  following  gentle- 
men were  elected  active  members  :  William  E.  Baker,  James 
T.  Bjyd,  Benjamin  G.  Buttolph,  Percy  N.  Ktnway.  J.  W. 
Linzee,  Jr.,  and  Franklin  C.  Prindle.  Boston  ;  Heywood  S. 
French.  Newtonville,  Mass.;  Lewis  J.  Johnson,  Cambridge, 
Mass.;  Herbert  F.  Pierce,  West  Newton,  Mass.;  Edward  W. 
Shedd,  Worcester,  Mass. 

Mr.  C.  H.  Van  Orden  presented  a  paper  on  the  Town  Bound- 
ary Survey  of  Massachusetts,  which  was  discussed.  Mr. 
L.  M.  Hastings  read  a  paper  on  Problems  in  Ciiy  Engineer- 
ing, which  also  called  out  some  discussion.  Mr.  Fitzgerald 
made  a  few  remarks  on  the  cost  and  construction  of  Basin  V 
of  the  Boston  Water  Works  at  Ashland,  Mass.  The  members 
had  visited  this  work  in  the  afternoon  before  the  meeting. 


At  the  regular  meeting  in  Boston,  June  17,  the  following 
members  were  elected  :  Luther  Deane,  Taunton,  Mass.  ;  Ed- 
ward Lyman,  Lowell,  Mass.  ;  Charles  T.  Main,  Lawrence, 
Mass.  :  H.J.  Morrison,  Cambridgeport,  Mass.  ;  C.  G.  Nevers, 
Frank  E.  Sherry,  Boston,  Mass. 

Mr.  Allen  Hazen  read  a  paper  on  the  Mechanical  Precipita- 
tion of  Sewage,  giving  an  account  of  the  experiments  made  at 
the  station  at  Lawrence.  He  stated  that  there  are  two  ways  of 
purifying  sewage  ;  first,  by  separating  the  impurities  and  then 
removing  them  ;  and  second  by  destroying  the  impurities  by 
chemical  means.  As  to  which  is  to  be  preferred  depends  very 
much  upon  local  conditions.  This  subject  was  discussed  at 
considerable  length,  reference  being  made  to  the  importance  of 
a  constant  examination  of  the  character  of  the  sewage  to  deter- 
mine the  method  which  could  best  be  used. 

Previous  to  the  meeting  the  Society  had  an  excursion  to 
Lowell,  where  members  inspected  the  carpet  mills,  the  Merri- 
mac  Mills,  the  locks  and  canals,  etc. 


New  York  Railroad  Club.— At  the  regular  meeting  in  New 
York.  May  21,  which  was  the  last  meeting  of  the  season,  Mr. 
W.  F.  Ellis  read  a  paper  on  Frogs  and  Switches,  calling  atten- 
tion to  recent  improvements  made,  and  the  importance  of 
these  parts  of  the  track,  especially  in  view  of  the  increase  in 
weight  of  engines  and  speed  of  trains.  The  paper  was  dis- 
cussed by  Messrs.  Mitchell,  Forney,  Ellis,  and  others. 


Engineers'  Club  of  Philadelphia.— The  regular  meeting  of 
May  16  was  devoted  to  the  discussion  of  Rapid  Transit  for 
Philadelphia.  Papers  were  presented  by  John  L.  Gill,  Jr.,  and 
S.  L.  Smedley  on  the  general  question  ;  by  G.  H.  Condict,  T. 
Carpenter  Smith,  and  P.  G.  Salom  on  electric  railroads.  All 
these  were  discussed  by  members  present.  An  elevated  line 
on  Market  Street  seemed  to  be  approved. 


At  the  regular  meeting,  June  6,  the  Secretary  presented 
communications  relative  to  the  Engineering  Congress  at  Chi- 
cago in   1893. 

A  paper  on  Rail  Joints,  by  G.  W.  Creighton,  was  read, 
giving  results  of  experiments. 

Professor  H.  W.  Spangler  presented  a  model  and  specimen 
illustrating  a  curious  case  of  combined  tension  and  flexure. 
The  specimen  in  question  was  square  in  section  at  the  ends.  A 
few  inches  from  each  end  it  was  enlarged  on  one  side  and  still 
further  enlarged  in  the  middle  on  the  same  side,  thus  giving 


a  much  greater  area  of  metal  next  to  the  ends,  and  still  a  greater 
area  in  the  middle.  The  specimen,  which  had  been  broken  in 
tension,  had  not  been  broken  at  the  ends,  but  through  the  sec- 
tion next  to  the  ends,  where  there  was  a  large  increase  in  area. 
Professor  Spangler  then  presented  a  mathematical  discussion, 
showing  that  this  fracture  occurred  where  it  did  in  accordance 
with  strict  mathematical  principles.  This  called  out  some  dis- 
cussion. 


Engineers'  Club  of  Cincinnati. — At  the  regular  meeting, 
June  18,  four  new  members  were  elected. 

Mr.  A.  S.  Hobby  read  a  very  interesting  paper  on  Brick 
Masonry.  

Civil  Engineers'  Club  of  Cleveland. —At  the  regular  meet- 
ing, June  12,  Mr.  Utley  Wedge  was  elected  a  member. 

Mr.  Walter  Miller  read  an  interesting  paper  on  Steam  Steer- 
ing Gear  for  Lake  Vessels,  and  illustrated  with  drawings  the 
mechanism  by  which  the  greatest  accuracy  is  obtained  in  turn- 
ing the  rudder  any  desired  number  of  degrees.  This  was  fol- 
lowed by  a  brief  discussion  as  to  the  practicability  of  applying 
the  same  or  similar  arrangement  to  cranes  and  other  hoisting 
machinery. 

Professor  E.  P.  Roberts  then  read  an  excellent  paper  on  Con- 
siderations Governing  the  Choice  of  a  Dynamo,  in  which  the 
general  construction  of  the  dynamo  was  fully  explained,  and 
the  good  points  that  one  should  look  for  when  making  a  choice 
were  fully  soiie  over.  After  a  short  discussion  on  this  paper 
Mr.  F.  C.  Osborn  gave  an  account  of  the  recent  Convention  of 
the  American  Society  of  Civil  Engineers  at  Lookout  Mountain. 
The  Club  then  adjourned  for  lunch. 


Western  Society  of  Engineers.— At  the  regular  May  meet- 
ing in  Chicago,  J.  C.  Slocum,  W.  C.  D.  Gillespie,  William  H. 
Hendren,  Theodore  W.  Parvin,  Morgan  Walcott,  and  B. 
Thomas  were  elected  members. 

The  Secretary  gave  some  information  as  to  the  work  done 
by  the  General  Committee  in  preparation  for  the  International 
Engineering  Congress  in  1893. 

A  preliminary  vote  was  taken  on  the  question  of  changing 
the  name  to  the  Chicago  Society  of  Civil  Engineers,  the  result 
being  against  the  proposed  change.  The  subject  will  be 
brought  up  again. 

Mr.  T.  T.  Johnston  read  a  short  note  relative  to  Mr.  Corthell's 
paper  on  the  Enlarged  Waterway  between  the  Lakes  and  the 
Seaboard. 


Engineers'  Club  of  Minneapolis. — The  regular  May  meet- 
ing was  the  fourth  joint  meeting  of  the  St.  Paul  &  Minneapolis 
Clubs.  President  Pike  of  the  Minneapolis  Club  presided.  An 
interesting  paper  was  read  by  Mr.  Woodman  of  the  St.  Paul 
Club  on  Railroad  Tunnels  in  Wisconsin.  Some  extracts  from 
this  were  published  last  month.  A  discussion  of  this  paper 
called  out  a  number  of  opinions  on  the  best  way  of  ventilating 
a  tunnel.  The  opinion  was  expressed  that  for  a  single  track 
tunnel  3,800  ft.  in  length,  the  best  plan  yet  found  was  to  run  a 
train  through  quickly  and  follow  it  up  with  another  as  closely 
as  possible. 

At  the  regular  meeting,  June  4,  the  action  of  the  Executive 
Committee  on  the  International  Engineering  Congress  and  on 
Club  headquarters  was  approved.  Mr.  Frank  Llewellyn  was 
elected  a  member. 

Mr.  O.  Hoff  read  a  paper  on  Bridge  Erection,  calling  atten- 
tion to  the  fact  that  details  were  often  so  designed  that  the 
erection  of  abridge  cost  more  than  it  ought.  Couplings  should 
have  plenty  of  play,  and  field  riveting  be  reduced  to  a  minimum. 
He  described  some  devices  used  in  erecting,  travelers  especially. 


Northwestern  Track  &  Bridge  Association. — At  the 
May  meeting  in  St.  Paul,  Mr.  William  McGonagle  read  a 
paper  on  the  Best  Method  of  Preserving  Timbers,  in  which  he 
described  several  processes  adopted  for  this  purpose,  including 
creosote,  Burnett  process,  kyanizing,  and  others,  giving  the 
results  so  far  obtained  and  the  cost. 

The  same  gentleman  read  a  paper  on  Covering  the  Members 
of  a  Howe  Truss  Bridge,  in  which  he  sought  to  prove  from 
experience  that  it  would  be  well  to  do  so. 


Engineering  Association  of  the  South.— A  regular  meet- 
ing was  held  May  15,  at  Earlington,  Ky.  A  communication 
from  the  Chattanooga  Tradesman  offering  a  cash  prize  of  $25  for 
the  most  meritorious  paper  presented  to  the  Association  during 
the    current    fiscal    year   was    received    and    accepted.     Mr. 
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Gaudenz  Luetscher,  Ensley,  Ala.,  and  Lieutenant  John  Biddle, 
U.  S.  Engineers,  Nashville,  Tenn.,  were  elected  members. 

A  paper  on  Coal  Cutting  Machinery  was  presented  by  J.  B. 
Atkinson,  Vice-President  of  the  St.  Bernard  Coal  Company. 
The  paper  presented  a  historical  account  of  the  development 
of  coal  cutting  machinery  and  a  comparative  study  of  Ameri- 
can machines  as  compared  with  those  of  England  and  Fiance. 
The  use  of  electricity  as  a  motive  power  was  thoroughly  dis- 
cussed, and  the  advantages  and  disadvantages  of  the  positive 
feed  machines  set  forth. 

During  the  day  of  the  15th  a  very  general  inspection  of  the 
collieries  and  coke  ovens  of  the  St.  Bernard  Coal  Company  was 
made,  and  the  improved  system  of  coal  cutting  machinery  and 
hoisting  machinery  was  carefully  studied  and  greatly  admired. 
The  visiting  members  were  very  hospitably  entertained  at  the 
residence  of  President  and  Mrs.  Atkinson. 

Saturday,  the  day  following,  was  spent  in  a  yachting  and  fish- 
ing excursion  on  the  lake,  the  members  leaving  for  their  homes 
Saturday  evening.  The  meeting  was  one  of  the  pleasantest 
enjoyed  by  the  Association. 

At  the  regular  meeting  in  Nashville,  Tenn.,  June  11,  the 
Board  of  Directors  reported  that  permanent  headquarters  had 
been  secured  in  the  new  Cumberland  Publishing  House  on 
Cherry  Street,  Nashville,  Tenn.  The  headquarters  comprise  a 
suite  of  three  rooms  which  may  be  thrown  into  one  large  room 
43  X  23  ft.  on  the  second  floor  of  this  new  building  just  nearing 
completion.  The  headquarters  of  the  Association  will  be  com- 
pleted and  in  readiness  for  occupation  before  September. 

Mr.  Mitford  C.  Massie,  Crossville,  Tenn.,  was  elected  a  mem- 
ber. It  was  decided  to  suspend  the  monthly  meetings  of  the 
Association  during  the  months  of  July,  August,  and  September, 
holding  the  next  meeting  in  the  new  quarters  of  the  Association 
at  Nashville,  October  8. 

Mr.  J.  J.  Ormsbee  read  a  paper  on  Mining  Operations  in  the 
Sewanee  Coal  Seam,  describing  the  coalmines  at  Whitwell  artd 
Tracy  City. 

Mr.  J.  H,  Heiskell  read  a  paper  on  Street  and  Highway 
Traffic,  ad/ocating  improvement  in  vehicles. 

Mr.  R.  L.  Johnson  read  a  paper  on  Capacity  of  Sewer  Pipe 
to  withstand  internal  strains,  giving  the  result  of  experiments 
made  at  Vanderbilt  University,  in  which  8-in.,  15-in.  and 
24-in.  pipes  failed  at  about  equal  pressures,  the  tests  used  rang- 
ing from  ID  lbs.  to  iS  lbs.  per  square  inch. 


Atlanta  Society  of  Civil  Engineers. — This  Society  has  been 
organized  at  Atlanta,  Ga.,  with  the  following  officers  :  Presi- 
dent, Grant  Wilkins  ;  Vice-Presidents,  H.  B.  Baylor,  N.  W. 
Davis  ;  Secretary,  Parker  N.  Black  ;  Treasurer,  C.  C.  B. 
Haines  ;  Directors,  R.  M.  Clayton,  B.  M.  Hall,  W.  S.  Laren- 
don.  The  Society  will  hold  monthly  meetings.  It  starts  with 
22  active  members. 

Denver  Society  of  Civil  Engineers.— At  the  regular  meet- 
ing, June  23,  Mr.  John  S.  Titcomb  read  a  carefully  prepared 
paper  on  Irrigating  Canals  and  Ditches,  which  was  generally 
discussed. 

At  the  regular  meeting,  July  14,  the  subject  of  Irrigation  was 
continued  by  a  paper  presented  by  Mr.  L.  G.  Carpenter,  on 
Loss  of  Water  in  Irrigation,  in  which  he  referred  at  length  to 
the  different  causes  of  loss,  such  as  evaporation,  seepage,  leak- 
age, and  others. 

Technical  Society  of  the  Pacific  Coast. — At  the  regular 
June  meeting  a  paper  by  Mr.  Jerome  Newman  on  Analysis  of 
Strains  in  Bridges  and  Girdets  was  read.  It  was  chiefly  mathe- 
matical, giving  a  number  of  rules  and  formulae. 

The  paper  on  Hall's  Hydro-Steam  Elevator,  read  at  the 
May  meeting,  was  taken  up  and  generally  discussed  by  the 
members  present. 

American  Society  of  Mechanical  Engineers. — The  summer 
meeting  was  held  in  Providence,  R.  I.,  the  opening  session 
beginning  on  Tuesday  morning,  June  16.  An  address  of  wel- 
come was  made  by  the  mayor  of  the  city,  Mr.  C.  S.  Smith,  to 
which  President  R.  W.  Hunt  responded.  At  this  session  sev- 
eral papers  were  r'*ad,  including  one  on  Rope  Haulage,  by 
R.  V.  A.  Norris  ;  Belt  Dynamometers,  by  S.  P.  Watt ;  Belt 
Testing  Machines,  by  G.  I.  Olden  ;  and  Test  of  a  Triple-Ex- 
pansion Engine,  by  J.  T.  Henthorn. 

The  Committee  on  Standard  Method  of  Testing  Materials  re- 
ported progress,  and  stated  that  the  Committee  of  the  Civil 
Engineers'  Society  was  also  at  work  upon  the  same  subject, 
and  the  final  report  might  be  a  joint  one.  The  Committee  on 
Standard  Methods  of  Testing  Locomotives  reported  progress. 
The  Committee  on  Standard  Units  of  Measurement  reported 


some  resolutions,  which  were  not  then  acted  upon,  but  were 
later  referred  to  the  Council  for  consideration. 

At  the  evening  session  a  number  of  papers  were  read,  the 
most  important  of  which  were  on  the  Economy  of  Simple  and 
Compound  Engines,  by  Professor  Jacobus  ;  Flexure  of  Elastic 
Rings,  by  Professor  De  Volson  Wood  ;  Premium  Plan  for  Pay- 
ing for  Labor,  by  F.  A.  Halsey.  Several  of  these  papers  were 
discussed. 

Between  the  sessions  on  Tuesday  afternoon  the  members 
visited  the  Nicholson  File  Works,  Rhode  Island  Locomotive 
Works,  and  the  shops  of  the  Gorham  Manufacturing  Company. 

The  Wednesday  morning  session  was  devoted  to  the  reading 
of  papers,  a  large  number  being  presented.  Two  of  these  called 
out  considerable  discussion  ;  one  being  on  Jet  Propulsion,  by 
Professor  J.  R.  Webb,  and  the  other  on  Steam- Engine  Jackets, 
by  Professor  Thurston.  An  important  paper  also  was  that  by 
W.  A.  Rogers  on  Screw  Cutting  and  Index  Wheels. 

At  this  session  there  were  also  several  topical  discussions,  in- 
cluding one  on  the  Speed  of  Hot  Air  Engines  ;  another  on  the 
Possible  Speed  of  Corliss  Valve  Gear,  and  another  on  the  ques- 
tion as  to  whether  it  is  better  to  melt  iron  in  a  cupola  rapidly 
or  more  slowly. 

On  the  same  day  visits  were  paid  to  the  works  of  the  Harris- 
Corliss  Engine  Company,  the  Brown  &  Sharpe  Manufacturing 
Company,  and  the  Armington  &  Sims  Engine  Company.  In 
the  evening  members  attended  a  reception  given  by  the  citizens 
of  Providence,  which  was  a  very  pleasant  occasion. 

At  the  Thursday  morning  session,  Mr.  H.  M.  Howe  read  an 
important  paper  on  Manganese  Steel,  which  was  discussed  at 
considerable  length.  Professor  J.  E.  Denton  read  a  paper  on 
the  Performance  of  a  Worthington  High-Duty  Pumping  En- 
gine, and  Mr.  W.  R.  Roney  presented  one  on  Mechanical 
Stokers.  A  topical  discussion  was  had  on  Pyrometers.  This 
closed  the  work  of  the  meeting. 

After  adjournment,  the  members  went  down  the  Bay  to 
Rocky  Point  by  steamer,  where  they  enjoyed  a  Rhode  Island 
clam-bake.  On  the  return  trip  the  steamer  went  as  far  as  New- 
port. In  the  evening  many  inspected  the  power  station  of  the 
Narragansett  Electric  Lighting  Company. 

On  Friday  the  works  of  the  Corliss  Engine  Company,  the 
Rhode  Island  Tool  Company,  and  the  Amercian  Ship  Windlass 
Company,  and  the  pumping  station  of  the  Providence  Water 
Works  were  visited,  the  members  dispersing  to  their  homes  in 
the  evening. 

NOTES  AND  NEWS. 


Chiquecto  Ship  Railroad.  —The  Canadian  Parliament  has 
extended  the  lime  for  the  completion  of  this  work  one  year.  In 
the  debate  over  the  proposed  extension,  it  was  staled  that  the 
total  quantity  of  clay  and  rock  excavated  was  1,745,957  cubic 
yards,  leaving  278,933  yet  to  be  excavated.  Besides  this  the 
steel  rails  were  all  delivered,  nearly  all  the  hydraulic  machinery, 
one  and  one-half  miles  of  single  track  laid,  and  nine-tenths  of 
the  heavy  iron  sleepers  delivered.  The  ship  cradles  were 
ready,  the  locomotives  are  being  built  in  Kingston,  and  there 
remains  but  one  mile  of  grading  to  do.  The  reason  for  the 
delay  was  that  the  company  is  obliged  to  excavate  for  the  basins 
24  feet  deeper  than  the  estimate,  in  order  to  reach  a  solid  rock 
foundation.  Another  cause  was  the  scarcity  of  labor,  owing  to 
the  railroad  works  in  Annapolis  and  Cape  Breton.  The  total 
expenditure  thus  far  has  been  fs.ooo.ooo,  leaving  if 2, 500,000 
yet  to  be  expended  in  finishing  the  work. 

"  Engineering  Experience." — Not  long  since,  in  an  arbitra- 
tion case,  an  engineer  was  thus  examined  as  to  his  professional 
experience  and  capacity  :  "  How  long  have  you  been  in  the 
profession?"  "Twelve  years."  "Are  you  thoroughly  ac- 
quainted with  your  work,  theoretically  and  practically  ?" 
"  Yes."  "  Do  you  feel  competent  to  undertake  large  construc- 
tions ?"  "  Yes,  most  certainly."  "  In  what  engineering  works 
have  you  been  engaged  during  the  last  twelve  years  ?"  "  The 
manufacture  of  iron  bedsteads." — Toronto,  Ont.,  Monetary 
Times. 

A  Swiss  Railroad  Accident. — The  Cologne  Gazette  of  June 
15  has  an  account  of  a  railroad  accident  at  Basle,  Switzerland, 
in  which  an  excursion  train  was  precipitated  into  a  river  and  a 
number  of  lives  lost.  That  the  entire  number  of  passengers 
was  not  lost  is  due  to  the  Westinghouse  air-brake.  The  ac- 
count says  :  "  The  unfortunate  train  was  filled  with  passengers, 
because  many  people  from  Basle  were  going  to  visit  the  singing 
festival  at  Moenchenstein.  The  new  bridge  close  to  the  station 
spans  the  river  Birs,  above  rapidly  flowing  waters.  The  train 
consisted  of  two  engines,  two  fast  freight  cars,  and  ten  coaches. 
The  bridge  broke  in  two.  The  entire  first  part  of  the  train  was 
precipitated  into  the  river,  but  six  of  the  coaches  remained  on 
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the  track,  held  there  by  the  tearing:  apart  of  the  couplings, 
which  brought  the  VVesiinghouse  automatic  brake  into  action, 
and  resisted  further  progress.  Up  to  the  present  65  bodies 
have  been  found  ;  41  seriously  injured  passengers  arc  lying  in 
the  Basle  Hospital.  The  work  of  clearing  away  the  debris  is 
being  performed  slowly." 

A  New  Boston  &  Maine  Station. — The  designs  of  the  new 
Boston  &.  Maine  Railroad  station  to  be  built  at  once  on  the 
north  side  of  Summer  Street,  Maiden,  are  finished.  The  plans 
indicate  a  main  station  35  X  qS  ft.,  and  a  baggage  house,  locat- 
ed south  of  the  depot,  20  X  2g  ft. 

The  building  is  designed  in  the  romanesque  style,  erected  so 
as  to  face  the  tracks,  and  distant  39  ft.  from  the  same.  The 
interior  is  one  large  waiting-room,  31  X  70  ft.,  the  ticket-office 
projicting  sufficiently  to  give  an  ample  ladies'  room  at  the 
north,  and  the  gentlemen's  room  at  the  south.  In  a  circular 
tower  at  the  northwest  corner  is  a  ladies'  private  reception- 


room,  18  X  26  ft.,  with  a  toilet-room.  The  ticket-office  is  cir- 
cular, with  a  door  entering  into  the  lobby  on  the  south,  through 
which  patrons  of  the  load  pass  in  entering  or  making  their  exit 
from  the  track  side.  There  is  also  an  entrance  north  of  the 
ticket-office.  In  the  southwest  corner  is  the  gentlemen's  toilet- 
room,  and  in  the  southeast  corner  is  the  agent  and  operator's 
room,  with  entrance  from  the  track  side.  Surrounding  the 
depot  is  a  broad  concrete  platform  15  ft.  wide.  A  semicircular 
driveway,  21  ft  wide,  with  two  separate  entrances,  enables  car- 
riages to  approach  the  depot  from  the  west,  driving  under  a 
porte-cochere,  which  has  the  monogram  '  B.  cS:  M."  on  its  front. 
The  depot  is  connected  with  Summer  Street  by  a  10  ft.  walk. 

The  foundation  walls  of  the  main  station  are  to  be  of  good 
granite  block  stone.  The  exterior  walls  of  both  buildings  above 
the  base  courses  will  be  of  hard  burned  brick  of  the  best  quality 
and  hardest  cull.  All  the  outside  walls,  as  well  as  the  interior 
of  the  porte-cochcri-  lobby  entrance,  are  to  be  of  best  selected 
hand-made  red  brick.  The  filling  between  the  walls  of  the 
lobby  is  to  be  tiled.  The  ceilings  will  be  of  double-beaded 
clear  whitewood  sheathing,  and  blind  nailed,  and  side  walls  and 
all  vertical  sheathing  will  also  be  of  the  same  material. 

The  wainscot  door  and  window  casings,  seats,  base  boards, 
etc.,  are  to  be  of  clear  red  oak.  All  windows  and  doors  are  to 
have  plain  wide  architraves,  with  edges  rounded.  There  will 
be  whitewood  cornices.  The  toilet-rooms  will  be  tiled  with 
fine  white  Italian  marble,  the  lobby  with  Knoxville,  Tenn., 
marble.  The  door  of  main  entrance  from  lobby  and  doors  be- 
tween ladies'  room  and  toilet-room  and  between  the  lobby  and 
ticket-office  are  to  have  saddles  of  the  same  marble,  suitably 
beveled.  The  toilet-rooms  will  have  Italian  white  marble  skirt- 
ings and  plinths.  The  seats  will  be  oak.  There  will  be  oak 
doors.  The  curved  window  of  the  ticket-office  will  be  set  in  a 
framework  of  copper,  and  there  will  be  more  or  less  copper  and 
wrought-iron  trimmings. 

South  of  the  main  station  15  ft.  is  the  baggage  house,  a 
separate,  oblong  building,  17  X  26  ft.,  with  two  doors  opening 
on  the  platform  toward  the  tracks.  South  of  this  is  a  large 
open  space  for  express  wagons  to  drive  alongside  of  the  plat- 
form, which  extends  to  a  point  near  where  is  located  the  present 
depot. 

The  woodwork  of  the  two  buildings  will  be  neatly  painted  or 
stained  ;  and  although  it  will  be  piped  for  gas,  electricity  will 
be  the  illuminating  light.  It  will  be  heated  by  steam,  and  the 
ventilation  and  sanitary  conditions  will  be  of  the  best. 

Mr.  Arthur  F,  Gray,  of  Boston,  is  the  architect,  and  the 
contract  for  the  entire  work  has  been  awarded  to  Peabody  & 
Pike.  The  buildings  are  to  cost  >;40,ooo.  The  accompanying 
illustration  shows  this  station,  which  is  of  very  neat  desitrn, 
and  harmonizes  well  with  the  surroundings. — Boston  Herald. 

The  Baltimore  Cable  Railroad. — The  cable  road  of  the 
Baltimore  Traction  Company  is  now  in  full  operation.  It  ex- 
lends  from  Druid  Hill  to  Patterson  Parks.  Four  cables  i  ,v,  in. 
in  diameter  are  used,  arranged  as  follows  :  A  slow-speed  cable 
from  the  Druid  Hill  engine-house  to  the  parks,  a  high-speed 
cable  from  the  engine-house   to  Paca   and  Fayette   streets,  a 


slow-speed  cable  from  the  same  point  east  through  the  business 
part  of  city  to  the  engine-house  on  Central  Avenue,  a  high- 
speed cable  from  there  to  Patterson  Parks.  The  citizens  are 
enthusiastically  in  favor  of  rapid  transit  ;  the  cars  are  crowded 
with  passengers,  while  the  almost  parallel  routes  of  horse  cars 
on  Madison  and  Pennsylvania  Avenues  are  scarcely  patronized. 
In  fact,  so  great  is  the  decrease  of  travel  on  the  horse  lines  that 
immediate  steps  are  being  taken  to  cable  several  of  these  old 
routes. 

The  East  African  Railroad. — If  the  despatches  from  Ber- 
lin are  correct,  the  German  East  African  Company  has  decided 
to  appropriate  the  sum  of  $15,000,000  to  build  a  railroad  from 
Tanga,  a  little  seaport  about  50  miles  northwest  of  Zanzibar,  to 
Karagwe,  the  region  of  which  Speke  and  Stanley  gave  such 
glowing  reports.  It  lies  a  little  west  of  the  Victoria  Nyanza. 
The  railroad,  by  starting  at  Tanga,  will  avoid  the  steep  climb 
up  the  Usugara  Mountains,  though  it  will  have  to  make  a  con- 
siderable ascent  to  reach  the  interior  plateau. 
It  is  probable  that  it  will  extend  nearly  due 
west  from  Tanga  to  Tabora,  which  is  the 
heart  of  the  trade  of  inner  East  Africa,  and 
will  then  turn  north  and  northwest  to  the 
Victoria  Nyanza  and  Karagwe.  —  Gold- 
thwaite's  Geographical  Magazine. 

The  Manchester  Ship  Canal. — On  June 
ig  water  was  admitted  into  the  Manchester 
Ship  Canal  at  Ellesmere  Port  on  the  Mer- 
sey, thus  marking  the  approaching  comple- 
tion of  this  great  English  work.  The  water 
was  admitted  by  a  cut  in  the  bank,  the 
opening  of  the  lock  gates  and  the  comple- 
tion of  the  deep  channel  having  yet  to  be  carried  out.  There 
is  now  a  depth  of  26  ft.  of  water  from  Ellesmere  Port  to  East- 
ham,  3^2  miles,  and  only  a  little  dredging  of  the  bottom  re- 
mains to  be  done.  The  canal  was  to  be  filled  with  water  from 
Eastham  to  the  mouth  of  the  Weaver  about  the  end  of  July. 

An  Unsinkable  Boat. —The  accompanying  illustrations, 
figs.  I  and  2,  represent  a  steel  boat  in  elevation  and  plan  re- 
spectively, which  is  being  introduced  by  Mr.  VV.  Wells,  Leith, 
Scotland,  and  which  is  claimed  to  be  absolutely  unsinkable  and 
instantaneously  self-righting.  The  fore-and-aft  sections  of  the 
boat  are  constructed  in  the  form  of  hollow  cones,  and  are 
thoroughly  air  and  water  tight.  These  are  slightly  flattened 
and  laid  horizontally,  and,  owing  to  their  peculiar  form,  impart 
strength  and  rigidity  to  the  boat  as  a  whole.  The  inventor 
claims  that  these  boats  are  eminently  suitable  for  pleasure  pur- 
poses of  every  description,  as  they  maintain  their  buoyancy 
when  filled  to  the  gunwale  with  water  ;  and  even  if  turned  bot- 
tom  upward    they  instantly  light    themselves.     These    boats 
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would  appear  to  be  especially  suitable  as  an  addition  to  the  life- 
saving  equipment  of  vessels,  as,  in  case  of  emergency,  they 
could  be  thrown  overboard  without  the  formality  necessary  with 
boat  lowering  gear  in  use  with  ordinary  punts  or  dingies,  and 
would  instantly  right  themselves.  The  boats  are  put  together 
in  sections,  and  can  be  disjointed  for  transportation,  and,  it  is 
stated,  that  should  both  the  water-tight  compartments  be  pierced 
below  the  water-line,  the  boats  would  still  remain  buoyant. 
The  boats  are  exceedingly  light,  one  12  ft.  long  and  3  ft.  beam, 
with  oars,  masts,  and  sail,  only  weighing  336  lbs.  We  are  in- 
formed that  these  boats  have  successfully  undergone  severe  tests 
in  the  Firth  of  Forth. — Industries. 
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NEW  YORK,  SEPTEMBER,  1891. 

A  CORRESPONDENT  informs  us  that  one  of  the  old  steam 
carriages  for  use  on  common  roads  which  were  described 
in  the  Journal  for  August  is  still  in  existence,  and  is 
preserved  in  the  Patent  Museum  at  South  Kensington, 
London.  It  is  interesting  to  know  that  such  a  relic  still 
exists  and  can  be  seen  and  studied  by  modern  inventors. 


The  advocates  of  the  Lake  Erie  &  Ohio  River  Ship 
Canal  have  suggested  an  argument  in  its  favor  in  addition 
to  the  commercial  advantages  which  it  offers.  This  is 
that,  in  case  of  war,  ships  of  the  size  of  the  Yorktown  or 
the  Concord  could  readily  be  passed  through  the  canal  for 
service  on  the  Lakes.  Moreover,  war-ships  of  consider- 
able size  could  be  built  at  Pittsburgh,  where  material  is 
abundant,  and  sent  up  to  the  Lakes.  In  this  way  the  canal 
would  be  an  important  addition  to  the  military  power  of 
the  country. 

For  the  first  half  of  1891,  according  to  the  figures  col- 
lected by  the  American  Iron  &  Steel  Association,  the  pro- 
duction of  pig  iron  in  the  United  States  was  3,371,925  gross 
tons  ;  a  decrease  of  1,188,588  tons,  or  26  per  cent.,  as 
compared  with  the  first  half  of  1890.  The  decline  was 
greatest  in  Pennsylvania,  Ohio  and  Illinois,  the  leading 
Northern  prodvcing  States;  it  was  less  marked  in  the 
Southern  iron  districts.  The  greatest  reduction  also  was 
in  iron  made  with  bituminous  coal  and  coke,  the  anthra- 
cite and  charcoal  furnaces  showing  a  much  smaller  per- 
centage of  decrease.  The  reduction  was  due  partly  to 
labor  troubles  in  the  coke  districts,  but  probably  more  to 
the  general  inactivity  in  business  which  marked  the  early 
months  of  the  year. 

According  to  the  same  authority,  the  production  of 
Bessemer  steel  for  the  first  half  of  1891  was  1,599,096  net 
tons  ;  a  decrease  of  442,143  tons,  or  27 '2  per  cent.,  from 
the  first  half  of  1890.  The  causes  for  this  decrease  were 
very  nearly  the  same  as  for  that  in  pig  iron,  and,  in  fact, 
the  two  generally  run  in  nearly  parallel  lines. 

It  is  interesting  to  note  that  every  year  the  proportion  of  I 


the  total  steel  production  made  into  rails  decreases.  In 
the  first  half  of  1891,  of  all  the  Bessemer  steel  ingots 
made  36J  per  cent,  were  rolled  into  rails,  while  in  the 
first  half  of  1890  the  rail  mills  absorbed  50^^  per  cent. 
This  shows  the  rapidly  growing  use  of  steel  in  construc- 
tion, which  we  have  heretofore  noted  from  time  to  time.  H 
The  rail  production  for  the  half  year  was  579,929  tons, 
the  smallest  recorded  since  the  first  half  of  1885.  In  fact 
the  decrease  in  steel  production  was  entirely  in  rails. 


The  figures  gathered  by  Poor  s  Manual,  while  not  all 
that  could  be  desired,  are  of  much  interest  as  making  the 
best  available  showing  of  the  general  condition  of  the  rail- 
roads of  the  country.  A  few  figures  from  this  source  will 
show  the  magnitude  of  the  railroad  interest  in  the  United 
States.     These  are  for  the  year  1890  : 

Miles  of  railroad 163  4*0 

Miles  of  track,  including  second  track,  etc 208,303 

No.  of  locomotives ^««.«y.«.V*««^>«- 33,241 

No.  of  passenger-train  car*. ..... . 30,211 

No.  of  freight  cars 1,061,970 

Total  train  mileage »;;.V7-*«>**««'~i><i'«^«.>.*<*>.«**>».* ••'•>>.)>•  793>92S,I45 

Passengers  carried • ♦.  . li»V*  -  520,439,08a 

Passenger-miles ...;...  12,591,565,649 

Tons  freight  carried 701,344,437 

Ton-miles 79.197,985,125 

Gross  earnings $1, 086,040,307 

Net ;  above  working  expenses 341,666,369 

As  the  total  liabilities  reported — stocks,  bonds  and  float- 
ing debt — amounted  to  110,393,781,120,  the  net  earnings, 
or  surplus  over  operating  expenses,  were  last  year  about  i\ 
per  cent,  on  the  liabilities,  which  nominally  represent  the 
cost  of  the  railroads.  The  surplus  after  paying  interest, 
rentals  and  other  fixed  charges  was  2.9  per  cent,  on  the 
amount  of  stock  reported. 

The  average  earnings  per  passenger-mile  last  year  were 
2.185  cents,  a  slight  increase  over  1889  ;  per  ton-mile  they 
were  0.935  cent,  a  slight  decrease.  The  average  gross 
earnings  per  mile  of  road  in  1890  were  $6,946,  an  increase 
of  $422  over  1889,  while  the  net  earnings  per  mile  were 
$2,195,  an  increase  of  $100.  These  gains  were  perhaps 
due  to  improvement  in  business,  but  in  part,  doubtless,  to 
the  fact  that  much  less  new  mileage  was  included  in  the 
returns  for  1890  than  for  several  years  past. 

Last  year  was  generally  a  good  one  for  railroads,  and 
in  1891  the  prospect  is  that  the  closing  months  will  almost 
be  able  to  make  up  for  the  depression  of  the  earlier  part 
of  the  year. 

The  manoeuvres  of  the  Squadron  of  Evolution  have 
served  a  good  purpose,  not  only  in  training  the  officers  and 
crews,  but  also  as  a  sort  of  object  lesson  in  showing  the 
people  of  the  great  seaboard  cities  the  progress  made  in 
building  up  a  new  navy  and  in  cultivating  their  apprecia- 
tion of  its  excellence.  It  does  seem,  however,  as  if  the 
Squadron  had  almost  reached  the  limit  of  its  usefulness  in 
this  direction,  and  it  would  be  well  to  send  the  cruisers  in 
various  directions  abroad,  where  their  services  are  need- 
ed, and  where  the  United  States  is  now  represented  only 
by  old  and  almost  worn-out  ships.  Such  a  course  also 
would  show  better  the  merits  and  defects  of  the  new  ships 
and  enable  us  to  avoid  the  latter  in  the  future. 

Probably  the  most  useful  ships  in  time  of  peace  will  be 
the  cruisers  of  the  2,000  and  3,000-ton  classes,  which  ought 
to  be  very  efficient  on  the  China  and  Pacific  stations,  for 
instance,  and  at  other  points  where  a  war-ship  is  likely  to 
be  needed.    These  vessels  promise  to  be  very  handy  and 
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efficient  boats,  while  their  cruises  can  be  conducted  at  a 
moderate  expense.  It  is  not  intended  to  depreciate  the 
value  of  the  larger  cruisers  and  battle-ships  which  are 
necessary  to  a  complete  navy  ;  but  the  smaller  vessels 
should  not  be  neglected. 


The  Central  and  some  other  lines  in  the  Argentine  Re- 
public, which  are  under  foreign  control,  have  met  the 
monetary  crisis  in  that  country  by  raising  rates  so  as  to 
keep  them  on  substantially  a  gold  basis.  The  result  has 
been  a  very  heavy  loss  in  traffic.  Part  of  this  is  probably 
due  to  the  general  commercial  disturbance,  but  much  of  it 
to  the  increasetl  rates,  which  the  traffic  is  not  able  to  bear. 
Great  complaints  are  made  by  shippers,  and  the  condition 
of  affairs  is  shown  by  the  fact  that  considerable  shipments 
are  being  made  to  the  ports  on  the  Rio  de  la  Plata  by  bul- 
lock carts,  reviving  the  old  method  of  transportation  which 
the  railroads  had  replaced.  The  complaint  is  general 
that  the  English  boards  ot  directors  cannot  or  will  not 
understand  the  local  conditions,  and  that  the  course  they 
are  taking  is  injurious  both  to  the  railroads  and  to  the 
country  generally. 


THE  CARE    AND   CLASSIFICATION   OF  NOTES, 
MEMORANDA  AND  PAPERS. 


In  the  very  interesting  '*  Journal  of  Sir  Walter  Scott,"* 
which  has  recently  been  published,  the  distinguished 
author  says  : 

I  cannot  conceive  what  possesses  me  over  every  person 
besides  to  misl  ly  papers.  I  received  a  letter  Satarday  at  e\n, 
enclosing  a  bill  for  £1^0.  Well,  I  read  it,  and  note  the  con- 
tents ;  and  ihis  day.  as  if  it  had  been  a  wind-bill  in  the  literal 
sense  of  the  words,  I  search  everywhere,  and  lose  three  hours 
of  my  mornine: — turn  over  all  mv  confusion  in  the  writing-desk 
— break  open  one  or  two  letters  lest  I  should  have  enclosed  the 
sweet  and  quickly  convertible  document  in  them— send  for  a 
joiner,  and  disorganize  my  scretoire  lest  it  should  have  fallen 
aside  by  mistake.  I  find  it  at  last — the  place  where  is  of  little 
consequence  ;  but  the  trick  must  be  mended. 

In  another  place,  when  he  was  writing  the  *'  History  of 
Napoleon,"  he  says  : 

It  makes  me  tremble  to  think  of  the  mass  of  letters  I  have 
to  look  through  in  order  to  select  all  those  which  affect  the  life 
of  .Yiipoh-on,  and  which,  in  spite  of  numerous  excellent  resolu- 
tions, I  have  never  separated  from  the  common  file  from  which 
they  are  now  to  be  selected*  Confound  them  !  but  they  (tre 
confounded  already.  Indolence  is  a  delightful  indulgence,  but 
at  what  a  rate  we  purchase  it. 

It  is  a  curious  fact  that  most  of  us  feel  flattered  when 
we  discover  the  same  defects  of  conduct  and  character  in 
distinguished  people  that  we  have  ourselves,  and  it  may 
perhaps  be  consoling  to  some  of  our  readers  to  know  that 
Sir  Walter  Scott  had  the  same  weakness  which  they  have 
suffered  from  so  often. 

We  are  not  all  as  systematic  as  we  should  be  ;  and  we 
are  reminded  of  this  oftenest,  perhaps,  by  the  apparent 
sudden  disappearance  of  a  paper  of  some  kind  which,  for 
the  time  being,  seems  to  be  possessed  of  a  spirit  of  exas- 
peration. Artemus  Ward's  expression  of  "  the  cussedness 
of  inanimate  things"  seems  to  describe  some  active  prin- 
ciple which  at  times  takes  possession  of  papers,  notes  and 
memoranda.  A  retrospective  view  of  such  occasions,  it 
is  true,  generally  results  in  a  sort  of  penitentia"  sense  of 
carelessness,  which  Sir  Walter^  confessed  and  resolved  — 
as  we  all  have — to  mend. 
;'  Nearly  everybody  keeps  a  memorandum  book  of  some 

*  The  '•  Journnl  of  Sir  Walter  Scott."  from  the  ortgina]  mauuscript  s»t  Ab- 

bolsford.    Harper  &  Brothers,  New  York,  3  vols, 


kind  which  is,  perhaps,  all  that  is  needed  for  those  who 
make  few  notes  or  have  retentive  memories.  But  there 
are  occupations  in  which  a  great  many  memoranda  must 
or  should  be  made.  Sometimes  these  must  be  stored 
away  for  future  use  when  the  recollection  of  them  has  been 
dimmed  and  their  location  is  forgotten.  Besides  making 
and  preserving  memoranda,  few  of  us,  in  these  days  of 
much  printing,  escape  the  obligation  or  the  desire  of  pre- 
serving "scraps."  The  daily  papers,  technical  journals, 
books,  pamphlets,  advertisements,  are  showered  upon  us, 
and  we  find  much  material  which  it  is  desirable  to  pre- 
serve or  index  in  some  way  so  that  it  will  be  within  easy 
reach  when  needed.  The  memorandum  books  ol  busy 
people  increase  in  size  and  number,  so  that  the  notes  which 
were  made  a  week,  a  month,  a  year,  or  five  years  ago 
cannot  be  found  without  a  long  search  and  the  waste  of 
much  valuable  lime.  Most  people  at  some  time  or  othei 
begin  keeping  a  scrap-book.  The  beginning  usually  ends 
in  a  dismal  failure.  The  work  of  pasting  scraps  in  a 
book,  and  then  of  indexing  them  so  that  they  can  be  found, 
is  so  great  that  few  persons  persist  in  it.  There  is  the 
difficulty,  too,  of  preserving  scraps  which  are  printed  on 
both  sides  of  the  paper,  and  also  the  fact  that  much  of 
what  is  preserved  in  time  becomes  obsolete  or  useless. 
For  busy  men  scrap-books  are  impracticable  unless  they 
have  adequate  assistance  at  command.  As  a  consequence 
of  the  necessity  of  making  and  preserving  memoranda  and 
scraps  of  various  kinds,  and  of  the  difficulty  of  doing  it 
satisfactorily,  most  persons  struggle  along  with  the  aid  of 
a  few  books,  pigeon-holes,  and  profanity  as  best  they  can^ 
and  at  times,  like  Sir  Walter  Scott,  they  anathematize  their 
papers  and  their  own  careless  habits.  To  all  who,  by 
necessity  or  inclination,  collect  much  miscellaneous  mate- 
rial of  the  kind  referred  to,  what  is  called  the  "  card  cata- 
logue system,"  for  want  of  a  better  name,  is  a  great  boon 
and  of  inestimable  service  both  in  the  saving  of  labor  in 
tiling  such  material  and  in  referring  to  it  thereafter.  Some 
years  ago  a  descri^jtion  of  this  system,  which  was  published 
in  another  journal,  attracted  a  good  deal  of  attention,  anc* 
seemed  to  interest  many  readers  ;  and  as  subjects  for 
editorials  which  can  be  written  or  read  in  midsummer 
should  not  be  too  abstruse,  an  explanation  of  this  system 
will  be  given  again  for  the  benefit  of  those  who  have  not 
seen  or  have  forgotten  the  first  one. 

The  system  probably  originated  or  was  derived  from 
that  employed  for  catalogues  of  libraries.  Everyone  who 
has  ever  had  any  experience  with  either  manuscript  or 
printed  catalogues  in  book  form  knows  how  imperfect 
and  confusing  they  become  as  soon  as  any  very  material 
additions  are  made  to  the  library.  The  titles  to  the  new 
books  must  then  either  be  interlined  or  interleaved,  and  as 
soon  as  any  considerable  number  are  added,  confusion  in 
the  classification  follows.  For  this  reason  the  catalogues 
of  many  public  libraries  are  now  kept  on  cards.  Each 
title  is  entered  on  a  card  about  the  size  of  an  ordinary 
postal-card,  and  these  are  then  arranged  in  alphabetical 
order  in  suitable  receptacles  in  drawers.  When  a  new 
book  arrives  its  title  is  at  once  written  on  a  card  and  it  is 
placed  in  its  proper  alphabetic  position,  so  that  the  cata- 
logue is  always  complete,  and  the  order  of  classification  is 
not  disturbed  by  entering  new  titles.  It  may  be  essential, 
and  generally  is,  to  index  books  in  several  different  ways. 
Thus  if  we  had  the  Manual  of  Marine  Engineering,  by 
A.  E.  Seaton,  its  title  might  be  \yritten  gn  the  card  as 
follows : 
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Manual  of  Marine  Engineering,  by  A.  E. 
Seaton. 


and  it  would  then  be  filed  just  as  a  word  in  a  dictionary 
is  arranged,  in  the  department  devoted  to  the  letter  M, 
and  in  the  order  of  MAN.    Or  it  might  be  written  : 

Marine  Engineering,  Manual  of,  by  A.  E.  Seaton,  or 

Engineering,  Manual  of  Marine,  by  A.  E.  Seaton,  and 
placed  after  MAR  or  ENG.  As  we  often  look  for  books 
by  their  author's  mame,  it  would  probably  also  be  entered 
with  the  author's  name  first,  thus  : 

Seaton,  A.  E.     Manual  of  Marine  Engineering. 

It  will  thus  be  seen  that  the  first  or  the  index  word  en- 
tered on  the  card  will  be  our  guide  in  finding  the  book, 
and  therefore  in  using  the  system  both  for  catalogues  and 
for  preserving  memoranda,  etc.,  the  facility  of  finding  what 
is  thus  filed  will  depend  very  much  on  the  selection  of  the 
index  word  or  words.  As  has  been  shown,  in  making 
catalogues  of  books  it  is  often  important  that  they  be  en- 
tered under  more  than  one  index  word.  The  same  thing 
is  true  of  the  filing  of  memoranda,  etc. 

The  system  for  the  latter  purpose  will  probably  be  most 
readily  understood  by  describing  its  use  in  its  simplest 
form.  In  fact,  there  is  not  very  much  to  explain  after  the 
description  of  the  method  of  keeping  library  catalogues, 
as  its  application  to  the  preservation  of  memoranda,  etc., 
consists  simply  of  selecting  an  index  word  for  the  memo- 
randum, and  then  writing  the  word  on  a  card  first  and  the 
memorandum  after  it.  While  many  persons  who  use  the 
system  use  cards  on  which  they  write  what  is  noted,  it 
will  be  found  that  an  ordinary  envelope  is  equally  con- 
venient for  this  purpose,  and  has  the  additional  advantage 
that  scraps  cut  from  papers,  etc.,  can  be  placed  inside 
of  the  envelope  with  an  index  title  on  the  outside  and 
then  filed  in  their  proper  place. 

To  begin  this  system  of  preserving  and  classifying  mem- 
oranda, etc.,  all  that  the  beginner  need  do  is  to  buy  a  box 
of  a  "  half  thousand"  envelopes— what  are  known  to  the 
trade  as  Number  6i  "  government''  is  a  good  size.  These 
are  6  x  i%  in.     Any  other  size  will  answer,  however. 

Now  suppose  it  is  learned  that  the  weight  of  a  locomo- 
tive is  80,000  lbs.,  and  it  is  desirable  to  preserve  a  memo- 
randum of  it,  all  that  need  be  done  is  to  write  on  one  of 
the  envelopes  an  index  word — which  in  this  case  would 
obviously  be  "  Locomotive" — with  the  weight  after  it,  as 
follows  : 


Locomotive. 
80,000  lbs. 


Weight  of  No,  2  on  Pa.  R.  R., 


Weight.    See  Locomotive. 


As  It  might  be  expected  that  this  item  of  information 
would  be  indexed  under  the  word  "weight,"  the  latter 
might  also  be  written  on  another  envelope,  with  a  refer- 
ence to  the  first  one  as  follows  ; 


Or  suppose  a  description  of  the  Nicaragua  Canal  should 
be  found  in  a  paper,  and  for  some  reason  it  would  be  de- 
sirable to  preserve  the  article,  it  could  be  cut  out,  folded, 
and  deposited  in  one  of  the  envelopes,  and  the  index  title 
Nicaragua  Canal  written  on  the  outside. 

Or,  to  continue  the  examples,  supposing  that  in  reading 
the  following  maxim  is  encountered,  "  Stubborn  clients 
build  fine  houses  for  lawyers  "  It  might  be  filed  under 
the  general  title  "  Maxims,"  or  under  "  Clients,"  "  Law- 
yers," or  "  Stubborn  Clients,"  or  all  four  titles  might  be 
used.  If  the  definition,  "  A  bore  is  a  person  who  talks 
to  you  about  himself  when  you  want  to  talk  to  hitn  about 
yourself^"  should  seem  worth  preserving,  it  would  be  in- 
dexed under  the  word  Bore,  with  the  definition  either 
written  after  the  index  title  or  deposited  on  the  inside  of 
the  envelope.  If  the  address  of  one  of  the  Smith  family 
was  to  be  recorded,  the  entry  on  the  envelope  would  be 
Smith,  John,  175,299  Peanut  Street,  Philadelphia, 

Another  excellent  use  which  may  be  made  of  this  sys- 
tem is  the  indexing  of  notable  articles  in  periodical  litera- 
ture. Thus  The  Engineer  recently  had  a  description  of 
one  of  the  American  "  whaleback  barges"  which  made  a 
voyage  across  the  Atlantic.  The  record  of  this  would  ob- 
viously be — Whaleback  barges.  See  The  Engineer, 
Aug.  7,  1 891,  page  III,  and  Barges.  See  Whaleback 
Barges.  We  all  read  articles  lo  which  it  may  be  desirable 
to  refer  in  the  future,  but  which  can  then  only  be  found 
with  an  expenditure  of  time  and  trouble  which  we  cannot 
spare.  A  simple  entry  on  an  envelope  with  a  suitable 
index  word,  with  the  title  of  the  article,  the  name,  date 
and  page  of  the  publication  in  which  it  appeared,  will 
make  it  accessible  at  any  time.' 

The  uses  of  this  system  are  almost  infinite.  It  can  be 
used  for  preserving  and  classifying  any  kind  of  data,  from 
domestic  receipts  to  mathematical  formula;.  An  envelope 
with  a  record  of  books  loaned  will  often  secure  the  return 
of  volumes  all  trace  of  which  would  otherwise  be  lost. 

There  are  also  many  incidental  advantages  connected 
with  the  system.  It  always  happens  that  much  of  the 
material  which  we  collect  becomes  useless  and  obsolete. 
When  this  occurs,  all  that  need  be  done  is  to  destroy  the 
envelope  and  its  contents  on  which  the  obsolete  material 
is  lecorded,  or  in  which  it  is  deposited.  The  continuity 
and  completeness  of  the  system  is  not  disturbed  thereby. 

Another  convenience  grows  out  of  the  fact  that  all  the 
material  relating  to  any  one  subject  is  brought  together, 
and  when  it  is  needed  can  be  carried  away  without  dis- 
turbing anythmg  else. 

As  soon  as  the  envelopes  have  titles  written  on  them  they 
can  be  placed  in  one  end  of  the  box  and  arranged  alpha- 
betically, the  blank  envelopes  being  kept  in  the  other  end. 
As  the  memoranda  increase  it  will  be  found  convenient  to 
place  colored  cards,  about  one-quarter  of  an  inch  wider 
than  the  envelopes,  between  them.  Each  card  should 
have  one  of  the  letters  of  the  alphabet  on  its  upper  left- 
hand  corner.    This  will  facilitate  the  alphabetic  classifica- 
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tion.  When  the  number  of  envelopes  to  he  taken  care  of 
increases  still  more,  cards  of  another  color  should  be  used, 
with  three  letters  of  the  alphabet  like  the  index  letters  at 
the  tops  of  the  pages  of  a  dictionary. 

The  system  has  the  great  advantage  of  elasticity,  and 
can  be  adapted  to  all  sorts  of  uses.  A  few  envelopes  can 
be  carried  in  a  pocket-book,  and  memoranda  can  be  made 
anywhere  and  at  any  time,  and  then  classified  when  con- 
venient. 

A  little  use  will  soon  show  the  beginner  that  the  paper 
box  in  which  his  envelopes  were  packed  is  too  frail  to  stand 
much  wear,  and  he  will  find  that  one  or  more  drawers 
divided  into  spaces  of  the  width  and  depth  of  the  envelope 
box  will  be  required  if  he  continues  and  enlarges  the  use 
o(  this  system. 

It  will  be  found,  too,  that  ordinary  envelopes  will  not  be 
large  enough  to  contain  all  the  material  relating  to  certain 
subjects  which  will  be  collected.  For  such  subjects  what 
are  known  as  document  or  box  envelopes  may  be  used. 
These  can  be  made  of  any  size,  but  those  measuring 
4  X  g}4  X  yi   in.  are  a  convenient  size. 

Still  other  subjects  will  require  more  room,  and  drawers 
or  pigeon-holes  must  then  be  resorted  to,  especially  if 
pamphlets  are  to  be  added  to  the  collection.  A  little  in- 
genuity will  adapt  the  system  to  any  occupation,  study  or 
profession.  The  chief  difficulty  will  be  found  in  the  selec- 
tion of  index  words.  A  word  selected  to-day  may  not  be 
the  one  which  would  indicate  to  us  the  same  subject  six 
months  hence.  Consequently  liberal  cross-references  are 
required. 

This  system  can  be  used  for  the  simplest  purposes,  and 
can  be  adapted  for  any  complicated  or  extended  uses.  No 
better  plan  can  be  found  for  keeping  a  record  of  domestic 
receipts  ;  and  students,  engineers,  authors,  and  especially 
editors  will  find  it  admirably  adapted  for  preserving  all 

kinds  of  material. 

. ^ . 

TRAFFIC  AND  SHIPPING  ON  THE  GREAT 

LAKES. 

Our  attention  has  been  called  to  the  fact  that  the  con- 
clusions and  comments  made  in  the  article  under  this  title, 
which  was  published  in  the  June  number  of  the  Journal, 
and  which  were  based  on  the  figures  given  in  Census 
Bulletin  No.  29,  are  to  some  extent  incorrect,  as  the 
figures  given  in  that  Bulletin  are  imperfect.  It  seems 
that  in  the  tables  given  in  Bulletin  No.  29  all  tonnage  was 
omitted  that,  in  the  judgment  of  the  Bureau,  was  "  unim- 
portant," but  there  is  no  indication  as  to  where  and  how 
the  dividing  line  was  drawn. 

In  making  up  its  report  on  the  ship  canal  between  Lake 
Erie  and  the  Ohio  River,  the  Pennsylvania  Canal  Commis- 
sion collected  very  carefully  statistics  of  Lake  shipping. 
These  statistics  have  been  carefully  revised  and  are  used 
effectively  in  a  letter  written  by  Mr.  John  M.  Goodwin,  a 
very  active  member  of  the  Commission,  to  the  Pittsbuigh 
Dispatch,  in  criticising  the  Census  statement. 

As  showing  the  importance  of  the  difference,  we  give 
below,  side  by  side  the  figures  of  the  two  statements  as  to 
the  total  tloating  equipment  on  the  northwestern  lakes  : 

Bulletin  No.  29.  Canal  Commission. 

Side-wheel  steamers 39  61 

All  other  steamers ' 1,026  'i374 

Sailing  vessels 882  1.247 

Total 1,947  2,682 

Total  difTerence 735 

'  The  Canal  Commission    statement  seems    worthy    of 


credit,  and  is  also  confirmed  by  a  later  Census  Bulletin, 
No.  66 — issued  after  the  article  in  question  was  written — 
which  gives  a  total  enumeration  of  1,432  steamers  and 
1,259  sailing-vessels. 

In  a  matter  of  such  importance  it  is  well  to  have  correct 
figures  ;  and  although  many  of  the  comparisons  made 
and  conclusions  drawn  will  not  be  materially  changed, 
some  of  the  averages  given  as  to  tonnage,  etc.,  will  not 
stand. 

Mr.  Goodwin's  letter,  above  referred  to,  is  an  interest- 
ing one,  and  only  lack  of  space  prevents  us  from  publish- 
ing it  in  full.  Though  written  mainly  in  the  interest  of 
the  canal,  it  contains  some  figures  and  statements  of 
general  interest. 

The  principal  changes  which  are  required  in  the  figures 
are  an  increase  in  the  proportion  of  freight  carried  by 
sailing  vessels,  and  a  decrease  in  the  average  tonnage  of 
steamers. 

One  conclusion  drawn  by  Mr.  Goodwin  seems  to  be 
supported  by  the  strongest  arguments.  It  is  that  the 
maintenance  of  20  ft.  channels  and  corresponding  water 
in  lake  harbors  is  not  reasonably  practicable.  The  true 
policy  for  lake  shipbuilders  and  owners  is  to  build  ships 
to  suit  the  waters  they  must  sail  in,  and  not  to  waste 
great  sums  in  futile  efforts  to  keep  open  channels  of  great 
depth  in  persistent  opposition  to  the  forces  of  nature. 

As  noted  in  the  July  number,  one  vessel — the  E.  C.  Pope 
— recently  delivered  in  Cleveland  2,741  tons  of  ore  on  14 
ft.  I  in.  draft ;  and  the  same  ship  can  carry  over  3,000 
tons  on  16  ft.  draft.  With  ships  so  designed  and  built  it 
would  seem  that  the  necessity  for  20  ft.  channels,  difficult 
to  secure  and  impossible  to  maintain,  hardly  existed. 
The  Lake  shipowners  ought  to  be  well  satisfied  with  the 
performance  of  their  vessels.  If  financial  results  are  un- 
satisfactory it  is  usually  in  years  of  comparatively  light 
business,  when  rates  are  reduced  below  the  paying  point 
by  reckless  competition  ;  and  for  this  they  have  only  them- 
selves to  blame. 


NEW  RAILROAD  CONSTRUCTION. 


The  amount  of  new  railroad  built  is  always  regarded 
as  a  kind  of  barometer  showing  the  general  condition  of 
the  railroads.  To  some  extent  this  is  true,  but  it  is  more 
expressive  of  general  financial  conditions  than  of  the  spe- 
cial state  of  the  railroads.  At  any  rate,  it  is  of  consider- 
able importance  to  know  what  is  being  done  in  this  direc- 
tion, and  the  work  of  collecting  statistics  has  been  under- 
taken by  several  of  our  contemporaries,  with  results  that 
vary  lo  a  somewhat  surprising  extent.  According  to  the 
figures  collected  by  the  Railway  Age,  which  seem  to  be 
the  most  precise  and  reliable,  the  total  length  of  new  track 
laid  in  the  six  months  ending  with  June — the  first  half  of 
1891 — was  1,728  miles  on  139  different  lines.  This  is  a 
greater  mileage  than  might  have  been  expected,  as  finan- 
cial conditions  have  not  been  favorable  to  the  building  of 
new  lines  this  year,  and  very  little  in  the  way  of  extension 
has  been  done  by  the  older  companies.  The  indications 
seem  to  be  that  the  total  new  mileage  for  the  year  will  be 
over  4,000  miles,  and  may  reach  5,000. 

The  new  building  has  been  pretty  well  distributed,  and 
has  been  mainly  in  short  lines  or  sections.  Very  little  has 
been  done  in  the  West  or  Northwest,  the  South  continu- 
ing to  lead,  as  it  did  last  year.  The  new  mileage  in  the 
Southern  States  was  713,  or  about  40  per  cent,  of  the 
total.    . 
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Six  States  added  over  100  miles  each  to  their  railroads. 
In  Georgia  174  miles  are  reported  ;  in  Pennsylvania,  139  ; 
In  Washington,  135  ;  in  Alabama,  120  ;  in  South  Caro- 
lina, 107  ;  and  in  Virginia  105  miles.  In  New  York  only 
2i4  miles  were  built. 

The  situation  at  present  is  that  the  new  building  is 
almost  entirely  ot  local  lines  in  settled  districts,  and  that 
the  building  of  competing  and  paral'el  lines  is  entirely  at 

a  standstill. 

« 

CAR-WHEEL  GUARANTEES. 


At  the  annual  meeting  of  the  Maste/Car  Builders'  As- 
sociation held  last  year,  a  Committee  was  authorized  to 
consider  the  report  of  the  meeting  of  the  Association  of 
Manufacturers  of  Chilled  Car  Wheels,^ held  November  21, 
1889,  in  New  York  City.  At  this  meeting  the  manufac- 
turers adopted  the  following  resolutions  : 

That  when  wheels  are  taken  out  of  service  on  account  of  s^a)/> 
flanges,  fiat  spots,  comby  or  shelled-out  treads,  or  for  cracked 
brackets  ox plates,  and  it  is  found  on  breaking  up  the  wheels  that 
the  depth  and  character  of  the  chill  and  the  strength  and  char- 
acter of  the  metal  in  the  plates  are  up  to  the  standard  specifica- 
tions adopted  by  the  Joint  Conference  Committee  of  the  Ameri- 
can Railway  Master  Mechanics',  the  Master  Car  Builders'  and 
the  Wheel-Makers'  Associations,  it  shall  be  considered  that  the 
failure  is  due  to  the  service  and  not  to  the  quality  of  the  wheel, 
and  that  the  wheel-maker  ought  not  to  be  called  upon  in  such 
cases  to  pay  for  or  replace  any  such  wheels. 

To  this  proviso  of  the  Wheel  Manufacturers,  the  Com- 
mittee of  the  Car  Builders'  Association  object,  on  the 
ground,  first,  that  it  is  indefinite,  and,  second,  that  its  pro- 
visions would  virtually  put  the  wheel-makers  in  a  position 
in  which  they  could  refuse  to  replace  any  wheels  ;  and  the 
Committee  then  give  their  reasons  for  their  objections- 
On  another  page  we  publish  a  communication  from  Mr. 
Griffin,  the  well-known  wheel  manufacturer  of  Buffalo,  in 
which  he  has  put  in  some  arguments  in  rebuttal  of  the 
position  taken  by  the  Committee. 

It  is  one  of  those  cases  in  which  each  count  should  be 
considered  separately.  First,  then,  should  a  wheel-maker 
be  required  to  replace  a  wheel  which  fails  on  account  of  a 
sharp  flange  ? 

The  causes  assigned  for  sharp  flanges  are  :  i,  varying 
sizes  of  wheels  on  the  same  axle  ;  2,  trucks  out  of  square  ; 
3,  unequal  wear  of  wheel.  With  reference  to  the  first 
cause,  the  Committee  say  that  "  in  our  opinion"  mismat- 
ing  of  wheels  is  now  a  rare  occurrence.  Mr.  Griffin,  on 
the  other  hand,  says  it  is  a  very  common  one,  and  that 
many  car-builders  will  not  take  the  trouble  to  mate  wheels. 
With  reference  to  the  second  cause,  the  Committee  say  that 
"  our  observation  would  imply  that  it  is  not  active  in  pro- 
ducing worn  flanges,  because  if  it  was  it  would  produce 
worn  flanges  on  both  pairs  of  wheels."  Is  this  true  ?  If 
the  axles  in  a  truck  are  not  parallel,  one  of  them  might  be 
square  and  the  other  not,  and  then  one  of  the  wheels  on 
the  axle  which  is  not  square  would  probably  get  a  sharp 
flange,  whereas  those  on  the  square  axle  might  not  be 
worn.  There  are  also  other  defects  in  construction  which 
might  cause  sharp  flanges,  such  as  the  center-plates  being 
out  of  center  on  the  truck  or  car-body,  the  draw-bars  out 
of  the  center  line  of  trucks.  It  is  easy  to  imagine,  too, 
defects  in  the  suspension  links,  which  would  cause  the 
truck  to  bear  more  against  one  flange  than  against  the 
other. 

The  Committee  say,  "  in  our  opinion  the  difference  in 
the  wearing  qualities  of  the  two  wheels  on  the  same  axle 
is  the  cause  of  nearly  all  flange  wear."    The  fact,  though, 


that  the  average  mileage  of  Wheels  which  fail  on  account 
of  sharp  flanges  is  high,  is  very  strong  presumptive  evi- 
dence against  this  "opinion."  If  wheels  got  sharp 
flanges  on  account  of  their  poor  wearing  qualities,  their 
average  mileage  would  not  be  high,  because  they  would 
wear  out  in  the  tread  before  making  a  high  mileage,  as 
all  poor  wheels  do.  The  fact  that  a  wheel  makes  a  high 
mileage  before  its  flange  wears  sharp  indicates  that  it  has 
good  wearing  qualities,  and  therefore  that  it  is  not  the  lack 
of  such  qualities  that  has  caused  the  flange  to  wear  sharp. 
If  poor  wearing  qualities  were  the  chief  cause  of  sharp 
flanges,  then  the  average  mileage  of  such  wheels  would  be 
low,  whereas  a  study  of  any  wheel  report  will  show  that 
while  the  average  mileage  of  wheels  with  worn  flanges  is 
not  as  high  as  the  best  wheels,  it  is  nevertheless  very 
good. 

For  these  reasons,  if  we  were  called  upon  to  act  in  the 
capacity  of  a  judge  in  this  matter,  we  would  decide  that  if 
the  mileage  of  a  wheel  with  a  sharp  flange  has  exceeded 
20,000  miles  that  the  maker  ought  not  to  replace  it. 

As  to  flat  spots,  the  Committee  say,  and  it  is  agreed, 
that  there  is  no  question  about  the  responsibility  for  flat 
spots  produced  by  sliding,  when  the  cause  is  apparent  ; 
but  there  are  flat  spots  which  are  due  to  defects  in  the 
wheel.  This  is  also  true  of  "comby"  or  "shelled-out 
treads."  These  defects,  in  the  opinion  of  wheel-makers 
and  car-builders,  are  sometimes  a  consequejice  of  sliding 
the  wheels,  but  they  are  also  at  times  due  to  faults  in  the 
castings.  The  charge  of  indefiniteness  which  the  Car 
Builders'  Committee  make  to  this  provision  of  the  wheel- 
makers  is,  it  is  thought,  sustained.  The  difficulty  will 
probably  be  to  determine  whether  the  defects  named  are 
due  to  misuse  or  to  faults  in  the  metal  or  the  casting  of 
the  wheels.  A  more  careful  diagnosis  of  these  disorders, 
with  more  explicit  and  definite  statement  of  their  symp- 
toms, will  probably  be  the  only  way  by  which  the  respon- 
sibility for  them  may  be  determined.  Concerning  "  flat 
spots,"  the  Committee  say  that  "  if  a  proper  depth  of  white 
iron  existed,  the  wheel  would  not  wear  flat  ;"  but  the 
wheel-makers  will  probably  retort  they  nevertheless  do 
wear  flat  when  there  is  a  proper  depth  of  white  iron,  and 
therefore  conversely,  when  there  is  the  proper  depth  of 
white  iron  the  wheel-makers  ought  not  be  held  respon- 
sible, which  is  all  they  ask. 

Regarding  comby  or  shelled-out  treads,  the  Committee 
and  Mr.  Griffin  seem  to  hold  diametrically  opposite  opin- 
ions, and  we  know  of  other  wheel-makers  and  some  car- 
builders  who  agree  with  him.  The  Committee  hold  that 
these  defects  "  are  entirely  due  to  the  quality  of  the  wheels, 
and  are  not  caused  under  any  circumstances  by  improper 
treatment  of  the  railroads,"  whereas  Mr.  Griffin  holds  that 
"  they  can  be  caused  by  brake-service."  A  commission 
of  wheel  doctors  should  consider  and  report  on  these  dis- 
orders. 

Regarding  cracked  brackets  the  responsibility  is  not  so 
clear.  Undoubtedly  they  are  at  times,  as  the  Committee 
say,  the  result  of  brittleness  in  the  iron  or  improper  design 
in  the  pattern,  but  it  is  also  true  that  they  are  often  a  con- 
sequence of  overheating  by  long  application  of  the  brakes. 
Ordinarily  it  would  not  be  easy  to  determine  which  is  the 
cause.  We  are  inclined  to  believe  that  the  wheel-makers 
will  be  obliged  to  assume  the  risk  of  this  defect,  because 
few  railroad  off.cers  would  be  willing  to  assume  the  re- 
sponsibility of  using  wheels  which  are  liable  to  crack  under 
any  kind  of  usage. 
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NEW  PUBLICATIONS. 


The  Michigan  Engineers'  Annuai-.  Containing  the  Proceed- 
ings of  the  Michigan  Engineering  Society  for  1 89I .  (F.  H odg- 
man.  Secretary,  Climax,  Mich.) 

This  number  of  the  Proceedings  contains  several  excellent 
papers  presented  before  the  Society  by  members.  Among 
these  may  be  included  one  by  Mr.  Hodgman  on  the  Ownership 
of  Lake  Beds  ;  one  by  Mr.  Muenscher  on  Easement  Curves  ; 
one  by  Mr.  Teed  on  Engineering  for  Lumbermen,  and  several 
others  of  merit.  It  is  well  fur  engineers  to  have  this  and  sim- 
ilar volumes,  for  much  of  the  best  work  of  our  engineers  is  con- 
tained in  them,  and  they  often  present  valuable  records  of  ex- 
perience which  may  be  of  service  in  similar  cases  elsewhere. 

A  convenient  appendix  to  the  volume  is  a  compendium  of 
recent  decisions  in  land  cases,  of  interest  to  surveyors.  The 
volume  is  well  printed  and  remarkably  free  from  typographical 
errors,  which  are  so  apt  to  creep  into  technical  work.       ' 


The  Logarithmic  Spiral  Curve.     By  William  Cox. 

The  Polar  Planimeter  :  a  Manual.     By  William  Cox. 

The  Slide  Rule.  By  William  Cox.  (The  KeufTel  &  Esser 
Company,  New  York.) 

These  are  three  useful  monographs.  The  first  describes  the 
manner  of  construc*ing  the  logarithmic  spiral  and  the  various 
uses  to  which  that  curve  can  be  put  in  an  engineer's  work,  in 
finding  the  value  of  proportions,  determining  centers  of  curva- 
ture, drawing  curves,  etc. 

The  second  monograph  is  a  description  of  the  polar  plan- 
imeter and  the  various  methods  of  using  it.  This  instrument  is 
almost  indispensable  to  engineers,  who  so  often  have  to  ascer- 
tain quickly  the  areas  of  irregular  surfaces.  It  is  an  exceedingly 
ingenious  instrument,  and  its  convenience  can  only  be  fully  ap- 
preciated by  those  who  have  used  it. 

The  third  is  a  book  of  30  pages,  in  which  are  described  the 
various  uses  of  the  slide  rule — an  instrument  which  is,  perhaps, 
more  often  talked  about  than  used  ;  at  any  rate,  it  is  not  as 
frequently  used  as  it  ought  to  be.  Especially  intended  for  en- 
gineers, it  is  really  convenient  for  every  one  who  has  measure- 
ments and  calculations  to  make,  and  that  would  include  almost 
the  whole  community.  This  little  book  gives  one  an  idea  of  the 
various  uses  to  which  it  can  be  put  ;  its  explanations  are  gen- 
erally clear  and  brief.  The  only  change  to  be  suggested  is  that 
it  would  have  been  convenient  to  have  such  a  manual  of  pocket 
size. 

The  History  and  Development  of  Steam  Locomotion  on 
Common  Roads.  By  William  Fletcher,  M.E.  (E.  &  F.  N. 
Spon,  New  York  and  London  ;  288  pages,  108  illustrations.) 

This  book  presents  in  one  volume,  for  the  first  time,  we  be- 
lieve, a  complete  history  of  the  various  efforts — both  successful 
and  unsuccessful — to  apply  steam  as  a  motor  on  common 
roads.  The  author  claims  to  have  made  a  complete  history, 
and  his  claim  is  good  so  far  as  the  early  history  of  the  subject 
goes,  and  so  faY  as  English  practice  is  concerned  ;  but  it  is 
somewhat  defective  on  what  has  been  done  outside  of  England. 
The  book  is  well  arranged  and  pretty  fully  illustrated,  but  it 
would  have  been  much  improved  by  a  complete  index. 

It  is  divided  into  seven  sections  :  Introduction  ;  the  Period 
of  Speculation  ;  the  Period  of  Experiment  ;  the  Period  of  Suc- 
cessful Application  ;  the  Modern  Period  ;  Design  and  Con- 
struction of  Road  Locomotives  ;  (English)  Traction  Engine 
Law. 

Mr.  Fletcher  has  done  a  service  in  collecting  and  arranging 
the  history  of  this  subject  in  a  convenient  and  accessible  form, 
and  for  this  we  can  pardon  him  for  making  too  much  use  of 
manufacturers'  catalogues  and  circulars  in  his  chapters  on  mod- 
ern practice.     The  book  is  worth  reading  and  preservation. 


Manual  of  the  Railroads  of  the  United  States.     By 
Henry  V.  Poor.     (H.  V.  &  H.  W.  Poor,  New  York.) 

It  is  not  an  easy  matter  to  criticise  the  yearly  volume  of 
Poors  Manual.  It  is  not  only  the  best  work  of  the  kind  we 
have,  it  is  the  only  one,  and  it  is  quite  indispensable  for  those 
who  are  connected  with  railroads  or  interested  in  railroad 
securities.  Nowhere  else  can  such  a  mass  of  information  be 
found,  and  its  long  period  of  existence  and  high  standing  have 
given  it  almost  the  authority  of  an  official  work.  Certain  de- 
fects it  has,  some  of  which  are  unavoidable,  from  the  way  in 
which  its  information  is  collected  ;  but  there  is  no  doubt  that 
the  publishers  spare  no  pains  to  keep  it  up  to  a  high  standard 
and  to  make  it  as  complete  and  as  correct  as  possible. 

The  Manual  for  iSgi  contains  over  1,400  pages,  and  gives 
reports  and  statements  of  835  railroad  companies  in  the  United 
Stales  and  Canada  ;  there  are  also  reports  of  a  number  of 
equipment,  terminal  and  other  auxiliary  companies,  and  sum- 
maries for  a  large  number  of  street  railroad  companies.  How 
complete  the  statistics  collected  are  is  shown  by  the  fact  that 
in  the  Introduction  the  total  railroad  mileage  in  the  United 
States  is  given  at  163,420  miles,  while  the  figures  given  for 
operations  cover  157,976  miles,  while  the  mileage  not  covered  is 
chiefly  of  short  and  unimportant  lines,  or  of  new  railroads  late- 
ly brought  into  operation. 

In  the  Introduction  there  is  a  valuable  summary  of  railroad 
operations  for  the  year,  which  gives  almost  the  only  general  view 
we  have  of  railroad  conditions  and  progress.  Some  figures  from 
it  will  be  found  on  another  page. 


A   Treatise  on    the    Calkins    Steam-Engine    Indicator. 
With   Description    of   Calkins'   Improved   Graduated  Panto- 
graph, Polar  Planimeter,  Speed  Measure,  devolution  Counter, 
Parallel  Rule,  Indicator  Spring,  tVeighing  Device,  Mercurial 
Column.     (New  York  ;  E.  &  F.  N.  Spon.) 

The  title  of  this  book  describes  its  general  character.  It  con- 
tains a  very  full  description  and  illustrations  of  the  Calkins  In- 
dicator, with  directions  for  its  use.  In  the  latter  part  tables  and 
units  of  various  kinds  are  given,  whicS  are  useful  in  connection 
with  the  application  of  the  indicator.  Directions  are  also  given 
for  calculating  the  power  of  an  engine  from  the  diagram,  for 
computing  the  amount  of  steam  used,  the  duty  of  boilers,  and 
general  remarks  on  the  several  lines  of  indicator  diagrams. 

The  book  is  well  printed  and  illustrated,  and  will  be  an  ex- 
cellent guide  to  the  application  of  the  indicator. 


Car  Lubrication.     By  W.  E.  Hall.  B.S.,  M.E.     (New  York  ; 
John  Wiley  &  Sons.)  • 

Probably  few  practical  railroad  men  will  read  the  title  of  this 
book  without  some  degree  of  eager  anticipation.  It  relates  to 
a  subject  which  is  a  never-ending  source  of  annoyance  and  ex- 
pense on  railroads,  and  for  that  reason  they  are  naturally  anx- 
ious for  any  information  which  would  help  to  lessen  the  annoy- 
ance or  reduce  the  expense.  It  is  to  be  feared,  however,  that 
when  they  read  in  the  introduction  that  "  the  object  of  the  fol. 
lowing  chapters  will  be,  pure  and  simple,  to  reduce  the  condi- 
tions to  a  relationship  the  natuie  of  which  will  assist  toward 
reducing  this  expenditure,  either  directly  or  indirectly,  to  the 
lowest  attainable  figure,"  they  will  wonder  what  it  all  means. 
Imagine,  too,  a  busy  superintendent  who  has  been  troubled  with 
hot-boxes  turning  to  this  book  to  learn  of  a  remedy,  and  encoun- 
tering on  the  sixth  page  the  following  formula  : 

L  =  /*  •"  PIA'  cos.  (odu 


-/- 


to  determine  the  pressure  upon  a  given  surface  of  the  journal. 
The  whole  subject  is  discussed  on  scientific  stilts,  and  quite 
over  the  heads  of  the  large  number  of  people  to  whom  a  book 
of  this  kind  written  in  a  clear  and  simple  style  would  be  useful. 
A  critic  of  railroad  literature  often  wonders  at  the  blindness  of 
many  authors  who  write  for  railroad  men.     It  may  safely  be 


Vol.  LXV,  No.  g.] 


ENGINEERING    JOURNAL. 


391 


said  that  there  are  some  thousands  of  people  in  this  country 
who  would  be  interested  in  a  good  book  on  the  subject  of  Car 
Lubrication  which  they  cou'd  understand.  Presumably  the 
book  before  us  was  intended  to  sell,  yet  it  is  written  in  a  style 
which  will  be  incomprehensible  to  nine-tenths  or  more  of  the 
people  who.  if  they  could  understand  it,  would  be  most  inter- 
ested in  it  and  would  be  possible  buyers  of  it.  This  shows  a 
lack  of  the  business  sense,  which  is  the  more  flagrant  because 
the  value  of  the  book  would  not  be  diminished  but  increased, 
even  for  the  most  highly  educated  understandings,  if  it  was 
written  on  a  lower  plane  and  in  a  more  simple  form.  Much  of 
the  explanation  is  harder  to  understand  than  the  thing  explained. 
The  following  is  the  formula  given  to  determine  the  cost  of 
lubricating  one  journal  :  • 

2.617-,  •Cc/r-\-Bd-\-Oo  +  /ia-\-lVw  =  Jlf. 
d 

The  subjects  treated  of  in  the  different  chapters  are  Theoreti- 
cal Relations,  Coefficient  of  Friction,  Bearing  Metals,  Methods 
of  Lubrication,  Journal-box  Construction,  Cost  of  Lubrication, 
and  Heated  Journals. 

Chapter  HI  contains  a  brief  r^sum/  of  the  experiments  of 
Tower  and  Woodbury,  which  is  useful  ;  but  probably  practical 
men  will  search  in  vain  through  the  pages  of  the  book  for  direc- 
tions to  guide  them.  It  is  without  any  index  or  even  a  table  of 
contents,  which  is  an  unpardonable  fault. 


TECHNICAL   SCHOOLS. 


TRADE    CATALOGUES. 


Price-List  No.  %,July,  1891,  of  the   Phosphor- Bronze   Smelting 
Company,  Limited.     Pniladelphia,  No,   512  Arch  Street. 

Few  people  not  especially  familiar  wiih  the  business  appreciate 
the  variety  of  uses  to  which  phosphor-bronze,  as  made  by  this 
company,  is  no^v  put.  An  examination  of  this  price-list  shows 
prices  lor  various  sizes  and  weights  of  phospherbronze  in  sheets 
and  rolls  ;  wire,  both  coarse  and  fine  ;  wire  specially  made  for 
telegraph  and  telephone  lines  ;  wire  ropes  ;  wire  cord  ;  special 
ropes  for  power  transmission  ;  special  ropes  for  rigging  and  for 
steering  apparatus  ;  wire  cloth  ;  tacks,  nails  and  boat  spikes  ; 
rolled  and  cast  pump  rods  :  rolled  and  cast  bolts,  nuts  and 
washers  ;  wood  screws  of  all  sizes  ;  sash  chains  ;  bars  and 
rods  ;  split  links  ;  pens,  for  writing  ;  hammers,  chisels,  scis- 
sors, wedges,  wrenches,  and  other  special  tools  for  use  in  pow- 
der mills  and  magazines  ;  valves,  cocks  and  similar  work. 
These  are  the  ordinary  lines,  and  do  not  include  the  great 
variety  of  castings  made,  such  as  bearings,  gear  wheels,  pumps, 
screw  propellers  and  others,  for  which  the  varieties  of  this 
metal  are  specially  adapted. 


Revised  Price  Lists  of  the   Link  Bell    Enirineering   Company. 
Philadelphia  and  New  York. 

This  price  list  shows  a  great  variety  of  applications  of  this 
company's  link  belting  for  various  purposes,  such  as  in  paper- 
mills,  saw  mills,  foundries,  elevators,  and  almost  all  kinds  of 
factories.  The  company  also  makes  numerous  attachments  of 
various  kinds  for  use  in  connection  with  its  belts.  It  has  re- 
cently been  enabled  also,  by  improvements  in  its  factory,  to 
make  a  notable  reduction  in  prices  of  most  of  its  chains. 


Catalogue  of  the  Ferracute  Machine  Company,  Btidgton,  N.   J. 
No.  6.     Assorted  Presses. 

This  is  received  too  late  for  comment,  except  to  say  that  the 
company  is  now  getting  out  a  new  series,  which  we  hope  to 
notice  at  length. 

The  Pelton  Water  Wheel  and  Water  Motor :  Illustrated  Circu- 
lars.    The  Pelton  Water  Wheel  Company,  San  Francisco. 

Compartment  Water  Heaters  and  Condensers,  and  Artificial 
Water  CooUrs  :  Illustrated  Catalogue.  Klein,  Schanzlin  dr' 
Becker.     Frankenthal,  Rhenish  Bavaria,  Germany. 


An  addition  to  the  article  on  this  subject  in  the  last  number 
of  the  Journal  is  made  necessary  by  the  receipt  of  additional 
catalogues  and  other  documents.  It  may  perhaps  be  well  to 
note  here  that  this  article  was  not  intended  to  be  a  list  of 
all  the  technical  schools,  but  simply  a  notice  ol  those  catalogues 
and  prospectuses  which  had  accumulated  on  the  editorial  desk. 

As  many  of  our  readers  doubtless  know,  the  Massachusetts 
Institute  of  Technology,  in  Boston,  is  one  of  the  oldest  and 
largest  of  the  institutions  of  this  class,  and  is  probably  the  best 
equipped.  Opened  in  1S65,  it  has  had  the  benefit  of  more  than 
25  years'  experience,  and  it  has  gradually  been  built  up  into 
what  might  be  called  an  industrial  university,  with  a  large  teach- 
ing staffand  excellent  appliances.  Its  organization  and  methods 
have  served  as  models  for  several  later  schools. 

As  shown  by  the  latest  catalogue,  there  are  now  12  regular 
courses  in  the  Institute  ;  these  are  :  i.  Civil  and  Topographical 
Engineering.  2.  Mechanical  Engineering.  3.  Mining  En- 
gineering and  Metallurgy.  4.  Architecture.  5.  Chemistry. 
6.  Electrical  Engineering.  7.  Biology.  8.  Physics.  9.  Gen- 
eral Course.  10.  Chemical  Engineering.  11.  Sanitary  En- 
gineering. 12.  Geology.  With  the  use  of  optional  studies, 
these  courses  can  be  enlarged  and  diversified,  enabling  the  stu- 
dent to  cover  a  wider  range  of  instruction  than  is  comprised  in 
a  single  course. 

The  latest  addition  made  is  the  Engineering  building,  which, 
to  describe  it  briefly,  is  a  structure  148  X  52  ft.  and  six  stories 
high.  It  contains  recitation  rooms,  drawing  rooms,  the  li- 
biary  for  the  Civil  and  Mechanical  Engineering  departments, 
and  four  laboratories,  one  for  experimental  work  on  strength 
and  other  properties  of  materials  ;  a  laboratory  of  steam  en- 
gineering ;  a  hydraulic  laboratory,  and  one  where  other  experi- 
ments are  made.  The  building  itself  is  intended  as  an  example 
of  the  latest  and  best  methods  of  building  mills  and  of  fire-proof 
or  slow-burning  construction. 


BOOKS     RECEIVED. 


Quarterly  Report  of  the  Chief  of  the  Bureau  of  Statistics, 
treasury  Department,  Relative  to  the  Imports,  Exports,  Immigra- 
tion and  Navigation  of  the  United  States  for  the  Three  Months 
ending  March  31,  1891.  Washington  ;  Government  Printing 
Olfice. 

The  Carolo- Wilhelmina  Ducal  Technical  High-School  at 
Brunswick  :  Programme  for  the  Study-  Year  1891-92.  Bruns- 
wick, Germany  ;  issued  by  the  School.  We  have  before  re- 
ferred to  this  school,  which  holds  a  high  rank  in  Germany. 

Experiments  in  Aerodynamics.  By  Professor  S.  P.  Langley. 
Washington  ;  the  Smithsonian  Institution.  This  book  comes 
to  hand  too  late  to  receive  in  the  present  number  the  attention 
which  its  importance  deserves. 

Annual  Statements  of  the  Railroad  and  Canal  Companies  of  the 
State  of  New  Jersey  for  the  Year  1890.  Trenton,  N.  J.  ;  Stale 
Printers. 

Tabellen  zur  Berechnung  der  Flacheninhalte,  der  Terrain- 
breiten  und  der  Boschungsbreiten,  der  Querprofle  bei  Wege  und 
Grabenbauten  :  by  FriedHchsen,  Royal  Surveyor.  R.  Von  Decker, 
Berlin,  Germany.  This  is  a  very  totnplete  set  of  earthwork 
tables,  accompanied  by  diagrams  and  formulas.  The  explana- 
tions, etc.,  are,  of  course,  in  German,  and  the  tables  follow  the 
metrical  system  of  measurement. 

Massachusetts  Institute  of  Technology  :  Annual  Catalogue, 
1890-91.     Boston  ;  published  by  the  Institute. 

A  Technical  Description  of  the  Engineeiing  Building  of  the 
Massachusetts  Institute  of  Technology.  Boston.  This  is  a  re- 
print from  the  Proceedings  of  the  Society  of  Arts  connected  with 
the  Institute. 


392 


THE    RAILROAD    AND 


[September,  1891. 


Transactions  of  the  Technical  Society  of  the  Pacific  Coast, 
fanuary-June,  1891.  San  Francisco  ;  published  by  the  So- 
ciety. This  number  of  the  Transactions  contains  several  valu- 
able papers. 

Occasional  Papers  of  the  Institution  of  Civil  Engineers .  Lon- 
don, England  ;  published  for  the  Institution.  The  papers  in- 
cluded in  the  present  installment  are  the  Counterbalancing  of 
Locomotives,  by  Edmund  L.  Hill  ;  the  New  Nadrai  Aqueduct, 
by  William  Good  ;  the  Sewerage  of  Dudley,  by  E.  D.  Marten  ; 
Petroleum  Storage  Installations,  by  R.  Pickwell  ;  Irrigation  in 
Southern  California,  by  W.  Fox  ;  Electric  Mining  Machinery, 
by  L.  B.  Atkinson  and  C  W.  Atkinson  ;  Abstract  of  Papers 
in  Foreign  Transactions. 


ABOUT  BOOKS  AND  PERIODICALS. 


A  PAPER  on  Glass  in  Science  in  the  Popular  Science  Month- 
ly for  September  completes  the  series  on  Glass  Making,  by 
Professor  Henderson,  and  describes  the  methods  of  making 
thermometer  tubes,  hydrometers,  lenses  for  telescopes,  etc. 
Mr.  Garrett  P.  Serviss  submits  some  arguments  on  the  question 
of  whether  we  can  always  count  upon  the  Sun.  Other  papers 
are  by  Professor  John  Fiske,  Dr.  Andrew  D.  White  and  Her- 
bert Spencer,  making  a  number  of  solid  interest  and  value. 

Among  the  more  important  articles  in  Scribner's  Magazine 
for  September  are  Mr.  Ricalton's  account  of  some  of  the  little- 
known  monuments  of  antiquity  found  in  Ceylon  ;  Mr.  Spears' 
paper  on  Odd  American  Homes,  and  Professor  Royce's  on 
University  Life.  In  the  Steamship  Series,  Lieutenant  Hunt 
furnishes  the  closing  article,  which  is  on  the  Steamship  Lines 
of  the  World,  including  a  sketch  of  the  possibilities  of  travel 
now  open  to  the  voyager  with  time  and  means. 

A  new  weekly  electrical  paper  has  been  started  in  Chicago. 
It  is  called  Electricity,  and  will  present  the  popular  side  of 
electric  matters  for  the  general  reader  rather  than  the  specialist. 
The  first  numbers  contain  some  excellent  articles  well  illustrated, 
and  the  managers  are  evidently  determined  to  deserve  the  suc- 
cess which  we  hope  they  will  secure.  The  paper  is  very  at- 
tractive in  appearance,  and  is  worthy  of  attention  from  all  who 
are  interested  in  electricity— and  that  includes  a  great  many 
people  now. 

In  the  number  of  Harper's  Weekly  for  August  5  there  is  an 
illustrated  account  of  the  Naval  Reserve  drills  at  New  York. 
The  Boston  drills  had  been  described  in  a  previous  number. 
The  number  for  August  19  discusses  the  Chilian  question  at 
considerable  length.  In  that  for  August  12  Lieutenant-Colonel 
W.  R.  King  discusses  the  measures  to  be  taken  for  the  defense 
of  New  York  against  a  hostile  attack. 

The  Technology  Quarterly  for  August  has  the  Commence- 
ment address  of  the  President  of  the  Massachusetts  Institute  of 
Technology.  Mr.  C.  Frank  Allen  writes  of  a  Course  of  In- 
struction in  Railroad  Management,  and  there  are  several  arti- 
cles of  special  technical  interest. 

Very  few  American  readers  are  able  to  take  the  foreign  maga- 
zines, but  many  would  like  to  follow  the  general  current  of  for- 
eign thought  and  writing.  For  such  readers  there  can  be  noth- 
ing better  than  the  old-established  Eclectic  Magazine.  The 
range  it  presents  is  well  shown  by  the  August  number,  which 
contains  articles  from  16  different  English  periodicals,  nearly 
all  the  leading  ones,  the  choice  including  a  variety  of  wore 
serious  articles  and  of  lighter  reading. 

A  new  monthly  paper  called  the  Compass  has  been  started 
by  the  Keuffel  &  Ester  Company,  New  York,  under  the  editor- 
ship of  Mr.  William  Cox.  It  is  proposed  to  make  this  a  useful 
companion  for  the  engineer,  treating  each  month  of  new  instru- 
ments for  field  and  oflSce  work  ;  principles  of  the  construction 
of  instruments  ;  descriptions  of  new  works,  and  other  items. 


The  first  number  has  16  pages,  about  the  size  of  Harper  s  Maga- 
zine, and  contains  some  excellent  reading  ;  it  promises  well  for 
the  future,  and  the  new  venture  should  be  a  successful  one. 

In  the  August  number  of  Goldtiiwaite's  Geographical 
Magazine  there  are  articles  on  the  Inter-Continental  Railroad  ; 
China's  First  Successful  Railroad  ;  Controlling  the  Mississippi  ; 
Our  Physical  Geography  ;  the  Northern  Limit  of  Mankind,  and 
others  on  a  variety  of  topics.  This  magazine  aims  at  condensa- 
tion, and  its  articles  are  generally  short,  bright  and  readable  ; 
many  of  them  really  conveying  a  great  amount  of  information 
in  a  small  space. 

In  Harper's  Magazine  for  September,  Montgomery  Schuy- 
ler's Glimpses  of  Western  Architecture  are  continued,  this  sec- 
ond paper  treating  of  the  domestic  architecture  of  Chicago. 
There  is  another  chapter  of  the  history  of  London,  and  an  ex- 
cellent historical  article  on  the  New  York  Chamber  of  Com- 
merce. This  issue  is  notable  for  the  number  and  variety  of  the 
illustrations. 

The  paper  of  most  interest  to  railroad  men  in  the  Arena  for 
August  is  *•  Should  the  Nation  Own  the  Railroads  ?"  by  C.  Wood 
Davis.  Therj  are  several  others  which  every  one  who  thinks 
and  who  believes  in  the  progress  of  the  human  race  should  read. 
This  magazine  is  above  all  one  for  thoughtful  people,  and  never 
fails  to  have  articles  which  will  at  least  interest,  even  if  they  do 
not  convince  such  readers. 

The  man— or  woman— who  is  in  search  of  outdoor  recreation 
for  a  summer  or  fall  vacation  cannot  do  better  than  to  read 
Outing  for  August.  Its  contents  are  varied,  and  almost  every 
article  is  of  interest  to  the  general  reader,  whether  he  takes  to 
any  special  form  of  sport  or  not.  This  magazine  has  improved 
very  much  of  late  in  the  quality  of  its  illustrations,  and  has  also 
increased  their  number. 

In  the  Overland  Monthly  for  August  will  be  found  an  ex- 
ceedingly interesting  article  on  Gold  Mining  of  To-day.  Some 
comments  on  the  Relief  Map  of  the  Pacific  Region,  with  an  en- 
graving of  the  map,  give  a  better  comprehensive  idea  of  the 
topography  of  the  Pacific  Coast  than  anything  we  have  ever 
seen.  This  magazine  is  valuable  to  any  reader  who  wants  to 
know  what  is  going  on  upon  the  Pacific  Coast,  and  this  gives 
it  a  special  interest  apart  from  its  general  literary  excellence. 
^ 

NOTES. 

The  previous  record  for  fast  trips  across  the  Atlantic 
was  broken  in  August  by  the  Majestic  and  the  Teutonic, 
both  of  the  White  Star  Line.  The  fastest  previous  voyage 
had  been  made  by  the  City  of  Paris,  of  the  Inman  Line.  The 
Majestic' s  trip  was  made  in  5  days,  18  hours.  8  minutes  ; 
the  Teutonic  s  in  5  days,  16  hours,  31  minutes.  In  both 
cases  the  weather  was  favorable.  The  two  trips  and  that 
of  the  City  of  Paris  maybe  compared  in  the  following 
table,  which  shows  the  daily  runs  : 

Knots  run  on  Teutonic.       Majestic.      City  of  Paris. 

First  day 460  470  432 

Second  day 496  501  493 

Third  day 505  497  502 

Fourth  day 510  501  506 

Fifth  d.iy 517  491  509 

Sixth  day ago  317  346 

Total 2.778  ».777  2.788 

On  the  Teutonic's  trip  the  average  speed  was  20.35  knots 
an  hour,  with  80  revolutions  of  the  screws  and  180  lbs. 
boiler  pressure.  The  consumption  of  coal  was  about  300 
tons  a  day. 

• 

Some  experiments  in  electric  lighting  have  recently  been 
made  by  the  Safety  Electric  Light  Company,  of  Boston, 
whose  system  has  been  put  on  a  parlor  car  of  the  New 
York  &  New  England  Railroad.  The  company  uses  a 
primary  battery,  and  the  trials  are  said  to  have  been  very 
successful  so  far. 
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THE  INTER-CONTINENTAL  RAILROAD. 


(From  Goldthwaite' s  Geographical  Magazine.) 


The  International  American  Conference,  which  was 
held  in  Washington  over  a  year  ago,  appointed  an  Inter- 
Continental  Railroad  Commission  to  take  in  charge  the 
preliminary  steps  toward  the  great  project  of  connecting 
North  and  South  America  by  a  railroad.  The  Commis- 
sion has  been  in  session  in  Washington  this  year,  and  be- 
fore its  adjournment  until  February  next,  it  appointed 
three  surveying  parties  to  go  to  various  portions  of  the 
proposed  route,  make  the  preliminary  surveys,  and  de- 
cide upon  the  practicability  of  the  undertaking.  Word 
has  been  received  that  these  parties  have  reached  their 
destinations,  and  it  is  expected  that  they  will  return  to  this 
country  with  their  reports  in  a  little  over  a  year. 


Medellin,  where  it  will  connect  with  an  existing  railroad 
to  the  city  of  Puerto  Berrio,  on  the  Magdalena  River,  and 
continue  through  Bucaramanga,  San  Jose  de  Cucuta,  and 
Merida  to  Valencia. 

We  probably  shall  not  hear  very  much  more  of  this  proj- 
ect until  the  reports  of  the  parties  that  are  making  the 
preliminary  surveys  are  received.  Not  a  few  men  who  are 
more  or  less  familiar  with  most  of  the  regions  to  be  trav- 
ersed are  exceedingly  sanguine  that  favorable  reports  as 
to  the  practicability  of  the  railroad  will  be  made.  It  is 
certain  that  among  the  Cordilleras  of  Colombia  and  Ecua- 
dor enormous  difficulties  must  be  overcome,  and  the  rail- 
road will  be  a  most  extensive  enterprise,  whose  cost  will 
perhaps  not  be  justified  by  the  commercial  results  for 
many  years  to  come.  ,There  can  be  no  doubt,  however,  of 
the  ultimate  carrying  out  of  this  project,  and  it  is  a  wise 
and  far-seeing  policy  to  take  hold  of  the  great  project  now 
with  a  view  to  ascertain  the  financial   burden  it  will  in- 
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PENETRATION   OF   A   SHOT    FROM   THE   ARMSTRONG    iio-TON   GUN. 


The  first  report  of  the  Commission  has  been  submitted 
to  the  Secretary  of  State.  It  outlines  the  proposed  route 
of  the  great  railroad.  A  line  of  railroad,  it  says,  is  pro- 
jected, and  has  been  surveyed  from  the  City  of  Mexico  to 
Ayutla,  on  the  frontier  of  Guatemala.  Frem  Ayutla  the 
proposed  line  runs  parallel  with  and  not  far  from  the  Pa- 
cific coast  through  Mazatenango  to  Santa  Lucia,  thence  by 
Cuajiniquilapa  to  Santa  Anna  in  Salvador.  Then  the  line 
turns  rather  abruptly  east  away  from  the  Pacific,  through 
Nuevo  San  Salvador  and  San  Miguel  toGoascoranin  Hon- 
duras. From  Goascoran  the  line  will  skirt  the  head  of  the 
Gulf  of  Fonseca,  through  the  State  of  Choluteca  to  the 
city  of  the  same  name  ;  thence  the  line  passes  through 
Chinadega  in  Nicaragua  to  Rivas  on  Lake  Nicaragua,  and 
along  the  west  shore  of  the  lake  through  Alajuela  in  Costa 
Rica,  and  on  through  San  Jose  to  Puerto  Limon,  on  the 
Carribbean  Sea.  This  is  the  only  place  where  it  touches 
Atlantic  waters. 

Thence  it  passes  down  the  Isthmus  of  Panama  to  the 
valley  of  the  Atrato,  where  the  isthmus  joins  South  Ameri- 
ca. In  Colombia  the  line  will  cross  the  western  cordillera 
of  the  Andes  into  the  valley  of  the  River  Cauca,  and  up 
this  valley  to  Popayan.  A  branch  road  will  be  run  from 
the  main  line  east  to  the  city  of  Bogota.  From  Popayan, 
the  line  will  cross  the  mountains  a  little  west  of  south  to  Pas- 
co near  Ecuador,  and  will  thence  continue  through  by  the 
cities  of  Tulcan,  Ibarra,  Quito,  Cuenca  and  Loja  and  into 
Peru,  running  through  Ecuador,  west  of  the  main  Cordil- 
leras. Through  Peru,  the  route,  as  laid  down  on  the  map, 
will  pass  through  the  provinces  of  Cajamarca  and  Ama- 
zonas,  and  across  formidable  mountain  ranges  to  the  River 
Maranon,  the  head  waters  of  the  Amazon,  and  through  its 
valley  to  Cerro  de  Pasco  ;  thence  the  route  will  pass  along 
the  River  Perene  and  on  to  Santa  Anna,  thence  to  Cuzco, 
Santa  Rosa  Puno,  on  the  west  side  of  Lake  Titicaca,  where 
the  railroad  will  connect  with  the  Pacific  line,  terminating 
in  the  port  of  MoUendo.  Then  the  road  will  continue 
down  the  west  side  of  Titicaca  to  the  Bolivian  frontier, 
and,  on  its  way  south,  will  pass  through  the  cities  of  La 
Paz  and  Oruro  to  Huanchaca.  Here  the  main  line  termi- 
nates at  20°  S.  latitude,  and  west  southwest  of  Potosi. 
From  Huanchaca  trains  will  reach  Chili,  the  Argentine 
Republic,  Paraguay  and  Uruguay  by  branch  lines.  Ven- 
ezuela will  be  connected  with  the  trunk  line  by  a  branch 
trom  some  suitable  point  in  the  valley  of  the  Cauca  to 


volve,  the  engineering  difficulties  to  be  met,  and  the  best 
means  of  making  it  a  reality. 


WHAT  THE  IIO-TON  GUN  CAN  DO. 


The  accompanying  illustration  and  description  are 
taken  from  an  account  of  the  exhibit  made  by  .Sir  W.  G. 
Armstrong,  Mitchell  &  Company  in  the  Naval  Exposition 
in  London,  given  in  Engineering.  Referring  to  the 
iio-ton  gun,  it  says  : 

The  full  charge  of  this  weapon  is  960  lbs.  of  brown  pris- 
matic powder,  which  costs  ^400  ;  and  the  steel  projectile 
weighs  1,800  lbs.  and  costs  $425.  This  makes  a  total  of 
$885  (including  small  items,  such  as  fuses,  etc.)  for  each 
round  with  full  charge  and  armor-piercing  shot.  The  life 
of  a  I  lo-ton  gun  is  put  down  at  75  rounds  with  full  charges, 
while  that  of  the  67-ton  gun  is  120  rounds.  The  wear  and 
tear  occasioned  by  the  full,  three-quarters  and  half- 
charges  may,  we  are  told,  be  considered  to  be  in  the  pro- 
portion of  three,  five  and  ten  ;  thus  the  67-ton  gun  could 
fire  400  half-charges  or  200  three-quarter  charges,  while 
the  iio-ton  gun  could  fire  250  half-charges  or  125  three- 
quarter  charges.  It  is  obvious  that  full  charges  a/e  to  be 
sparingly  dealt  in  with  these  costly  weapons,  and  it  is 
equally  obvious  that  there  is  no  need  to  do  otherwise  than 
deal  sparingly  with  them  in  peace  operations,  and  per- 
haps, too,  oftener  in  war  operations  than  one  is  generally 
apt  to  imagine. 

It  will  be  remembered  that  the  iio-ton  gun  firing  a 
1,800-lb.  projectile  with  960  lbs.  of  powder  had  a  muzzle 
velocity  of  2,105  ft.  per  second,  the  total  energy  being 
55,305  foot-tons.  The  figures  are  sufficiently  impressive 
to  those  sufficiently  accustomed  to  such  matters  to  grasp 
them,  but  the  Elswick  authorities  have  rightly  concluded 
that  it  would  bring  the  matter  much  more  closely  home  to 
the  ordinary  exhibition  visitor  were  there  put  forward  a 
graphic  delineation  of  what  the  iio-ton  gun  can  do.  They 
have,  however,  had  made  full-sized  and  very  realistic  draw- 
ing of  the  course  through  a  target  of  the  projectile  fired  from 
the  SanparieV s  iio-ton  gun  on  March  14  last.  The  illus- 
tration given  is  taken  from  a  photograph  of  this  graphic 
delineation  of  the  power  of  the  monster  gun.  The  shot 
met  first  of  all  a  20-in.  compound  armor  plate.     At  the 
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back  of  this  was  an  iron  backinj^  plate  8  in.  thick  which 
was  fastened  to  a  heavy  wrought-iron  frame.  Beyond  was 
built  up  a  structure  consisting  of  solid  oak  balks.  These 
occupied  a  thickness  of  20  ft.  Next  came  5  ft.  of  granite, 
and  beyond  that  was  11  ft.  of  concrete.  Finally  there  was 
5  ft.  of  brickwork.  The  shot  struck  fairly  in  the  center  of 
the  plate,  traveling  at  a  velocity  of  2,079  f'-  P^*"  second. 
It  went  through  both  plates,  then  in  turn  through  the  20  ft. 
of  oak,  the  5  tt.  of  granite,  and  the  11  ft.  of  concrete,  and 
was  finally  brought  up  by  the  bricks  at  the  end,  although 
it  forced  out  a  large  wedge  of  brickwork,  and  almost  got 
through. 

♦ 

CAR-WHEEL  GUAftANTEES. 


By  P.  H.  Griffin,  President  New  York  Car-Wheel 

Works. 


Referring  to  the  Report  of  the  Committee  on  Wheel 
Guarantee  as  submitted  to  the  Master  Car  Builders'  Con- 
vention, in  June,  1891,  at  Cape  May,-N.  J.,  I  have  to  state 
some  facts  on  the  subject  that  have  been  developed  by  a 
very  careful  study  of  the  cause  of  flange  wear  in  particu- 
lar, and  the  causes  of  wheel  failure  in  general. 

The  causes  of  flange  wear  as  apparent  to  me  are  given 
in  the  order  of  prominence  : 

1.  Variation  in  diameter. 

2.  Variation  in  gauge. 

When  it  is  considered  that  a  variation  of  ^V  •"•  •"  diame- 
ter between  two  33-in.  wheels  on  an  axle  would  cause  the 
larger  one  to  travel  ten  feet  farther  in  one  mile  if  it  could, 
and  that  the  greater  the  load  the  more  certainty  of  quick 
destruction  from  such  a  condition,  there  is  little  mystery 
about  the  main  reason  for  flange  wear  or  why  it  has  in- 
creased of  late  years  with  the  higher  speeds  and  greater 
loads. 

The  M.  C.  B.  rules  accept  wheels  pressed  on  axles  with 
a  variation  of  %  in.  from  gauge. 

It  is  the  rule  in  many  shops  to  press  both  wheels  on  an 
axle  at  the  same  time,  and  to  work  the  wheel-press  at  a 
very  rapid  rate  to  save  time.  This  causes  imperfect  con- 
ditions that  must  produce  extra  friction,  undue  wear,  and 
poor  service.  The  second  cause  may  help  to  counteract 
the  first  in  one  case,  and  in  the  opposite  will  double  the 

rapidity  of  failure  on  account  of  flange  wear. 

The  Committee  state  that,  in  their  opinion,  mismating 
at  the  present  day  is  a  rare  occurrence.  On  what  pre- 
mises is  that  opinion  based  .''  As  a  result  of  inspection  of 
wheels  fitted  to  axles  or  not  ?  Of  course  any  railroad  man 
would  promptly  say  that  his  wheels  were  properly  mated  ; 
but  how  many  can  show  a  careful  inspection  of  wheels 
before  fitting  them  to  axles  to  see  that  uniform  diameters 
go  in  pairs  ?  How  many  railroad  shops  have  any  appli- 
ances for  making  such  a  test  ?  How  many  builders  of 
freight  cars  give  the  matttr  a  thought  ?  Some  car-wheel 
makers  tape  and  stencil  all  wheels  for  diameter  ;  but  it  is 
not  required  that  they  do  so  as  a  rule,  and  when  done 
there  is  not  much  attention  given  by  the  whe^ fitters  to  the 

verification  of  the  marking  as  being  correct.    We  gauge 

our  wheels  by  sixty-fourths  of  an  inch  diameter,  and  find 
considerable  trouble  in  getting  users  of  them  to  put  like 
numbers  on  same  axles  ;  they  say  it  is  too  much  bother. 
It  is  not  difficult  to  prove  the  facts,  however.  At  any  rail- 
road shop  or  along  the  line  will  be  found  many  pairs  of 
wheels  fitted  to  axles  ready  for  service.  Any  one  inter- 
ested can  test  them  and  see  what  the  average  result  is.  It 
may  be  found  far  from  the  condition  indicated  by  the  re- 
port of  the  committee. 

The  conditions  of  the  present  day  are  referred  to  as  an 
improvement  on  those  of  the  past ;  but  what  change  has 
been  made  in  the  average  practice  in  fitting  up  chilled 
wheels  except,  perhaps,  to  turn  out  a  greater  number  daily 
with  the  same  plant .''  The  work  used  to  be  done  years 
ago  by  mechanics,  the  quantity  required  was  smaller,  and 
the  time  spent  upon  it  was  greater  ;  two  cuts  were  taken 
out  of  the  wheel  to  insure  accuracy.  Now  the  work  is 
done  in  many  car  and  repair  shops  by  laborers  more  or 
less  skilled  ;  whether  the  wheel  hubs  are  hard  to  bore  or 


not,  the  daily  "  stint"   must  be  kept  up,  and   the  result 
cannot  be  toward  a  higher  standard. 

The  Committee  give  as  their  opinion  that  "  the  differ- 
ence in  the  wearing  quality  of  two  wheels  on  one  axle  is 
the  cause  for  nearly  all  flange  wear,  and  for  this  wear  the 
wheel-makers  should  be  held  responsible." 

If  the  Committee  is  correct  in  their  finding,  why  is  not 
the  proposition  of  the  wheel-makers  a  fair  one  .-* — viz.  : 
that  "  Wheels  failing  for  sharp  flange  should  be  broken, 
and  if  the  depth  and  character  of  ch|ill  are  up  to  the 
standard  specifications  adopted  by  the  Master  Mechanics' 
and  Master  Car  Builders'  Associations,  then  the  wheel- 
maker  ought  not  to  replace  the  wheel." 

It  is  very  easy  to  determine  whether  a  wheel  is  properly 
chilled  or  not.  A  piece  can  be  broken  out  of  the  flange 
with  a  small  sledge  and  without  handling  the  wheel  at 
all.  The  M.  C.  B.  Specifications  were  taken  almost  liter- 
ally from  the  Pennsylvania  Specifications,  and  the  intent 
of  both  is  to  insure  that  wheels  of  proper  chill  and  strength 
be  furnished.  If  they  are  so  furnished,  is  it  fair  to  stipu- 
late that  wheel-makers  be  responsible  for  failures  due  to 
causes  beyond  their  control  ? 

It  must  be  remembered  that  the  Pennsylvania  Specifica- 
tions do  not  require  the  wheel-maker  to  give  a  guarantee  ; 
the  wheels  are  rigidly  examined  before  being  accepted,  as 
being  of  proper  strength  and  chill,  and  as  to  being  perfect 
in  other  details.  Once  accepted  on  these  conditions,  that 
is  the  end  of  it.  The  M.  C.  B.  Specifications,  however, 
propose  to  add  a  most  exacting  guarantee  to  the  Pennsyl- 
vania Specifications  to  make  the  wheel-maker  comply  with 
all  the  conditions  that  should  exist  in  a  good  wheel,  which 
is  all  right,  and  then  to  make  him  assume  responsibility 
for  the  results  of  conditions  of  service  over  which  he  has 
no  control  ;  that  is  all  wrong. 

The  Committee  state  that  as  to  "  flat  spots"  they  under- 
stand the  term  to  mean  wheels  having  spots  on  them 
which  have  worn  through  the  chill,  and  "  that  at  this  spot 
an  inspection  would  show  that  a  proper  depth  of  white 
iron  did  not  exist."  Well,  if  it  did  exist,  what  then  ? 
Presumably  the  wheel  could  not  be  classed  as  a  failure. 
The  Committee  go  on  to  state  that  "  shelled  out"  treads 
are  entirely  due  to  the  quality  of  the  wheel,  and  are  not 
caused  under  any  circumstances  by  improper  treatment  of 
the  railroads. 

The   knowledge  and  experience  of  many  railroad  men 

will  bear  me  out  in  the  statement  that  "  flat  spots"  and 

"shelled  out"  spots  can  be  caused  on  all  well-chilled 
wheels  by  brake  service  ;  and  it  is  simply  a  question  with 
a  well-chilled  wheel  whether  it  is  removed  soon  enough 
after  brake  sliding  has  occurred  to  prevent  shelliog  out, 
or  whether  it  has  been  run  for  long  enough  time  to  cause 
the  iron  (burned  by  friction  at  the  flat  spot)  to  shell  out 
under  pressure  of  load  carried  of  from  three  to  six  tons 
with  a  corresponding  blow  on  the  wheel  300  to  600  times 
in  every  mile  traveled. 

The  finding  of  the  Committee  on  cracked  brackets  and 
plates  is  correct  in  the  main,  as  good  wheels  will  undoubt- 
edly give  better  results  in  this  particular  than  poor  ones  ; 
but  their  statement  that  "  with  good  wheete  it  is  safe  to 
say  that  for  every  wheel  that  fails  in  this  way  twenty  pass 

the  ordeal  successfully  and  fail  from  finally  wearing  out." 

What  about  that  one  good  wheel  ?  Was  it  a  failure  for 
which  the  wheel-maker  should  be  responsible  ? 

Sufficient  consideration  has  not  been  given  this  wheel 
question  in  respect  to  the  radical  changes  in  the  speed  and 
load  of  trains  that  have  been  made  in  the  last  ten  or  fifteen 
years.  Every  advance  in  that  direction  imposed  greater 
duties  on  the  wheels.  Brake  service  of  to-day  does  not 
much  resemble  that  of  ten  years  ago.  Freight  cars  are 
being  equipped  with  air  brakes,  and  passenger  and  freight 
trains  weighing  from  500  to  1,000  tons  are  run  at  speeds 
varying  from  30  to  60  miles  per  hour  on  the  presumption 
that  they  can  be  promptly  stopped  when  necessary.  The 
wheels  must  furnish  the  means  of  doing  that  through  the 
medium  of  the  brakes.  Is  it  fair  to  ask  wheel-makers  to 
be  responsible  for  the  results  of  such  vital  changes  as 
these  ?  When  the  engineer  has  the  power  to  apply  in- 
stantly a  force  of  25  tons  air-brake  pressure  per  car  on 
wheels  loaded  with  a  weight  of  three  to  five  tons  each  and 
revolving  at  from  300  to  600  times  per  minute,  what  must 


Vol  LXV,  No.  9.] 


ENGINEERING    JOURNAL. 


305 


be  the  result  ?  No  metal  will  stand  such  treatment  with- 
out damage  ;  yet  the  Committee  say  that  defects  arising 
from  such  a  service  *'  arc  entirely  due  to  the  quality  of  the 
wheel,  and  are  not  caused  under  an}'  circumstances  (the 
ilalics  are  mine)  by  improper  treatment  of  tiie  railroads." 

It  is  a  well-known  fact  that  cracked  plates  are  caused 
entirely  by  brake  service,  mainly  on  high  grades.  Many 
railroads  without  excessive  grades  have  no  trouble  of  this 
kind,  and  other  roads  with  high  grades  remove  thousands 
of  wheels  annually  for  this  cause.  It  occurs  more  fre- 
quently in  freight  service,  and  is  caused  by  the  fact  that 
brakes  must  be  set  on  the  cars  on  heavy  down  grades  to 
prevent  loss  of  control  over  the  train,  Brakemen  have 
orders  to  set  them  moderately  on  a  number  of  cars,  but  to 
save  time  and  trouble,  set  them  excessively  tight  on  a  few 
cars — often  merely  set  the  brakes  on  the  caboose  and  one 
or  two  cars  adjoining,  and  allow  the  train  to  run  down  a 
long  grade  in  this  manner.  The  wheels  are  bound  to  heat 
up,  and  where  brakes  are  tightly  set  on  long  grades,  it  is 
almost  impossible  to  prevent  plates  cracking  from  expan- 
sion. In  fact,  any  wheel  can  be  cracked  in  the  plates  in 
this  way  if  the  apolication  is  continuous  and  severe 
enough.  Is  it  fair  to  return  wheels  ruined  in  this  way  to 
the  wheel-maker,  and  refuse  an  investigation  as  to  whether 
they  were  of  proper  quality  ?  If  the  railroads  must  save 
the  loss  arising  from  such  a  condition,  they  should  do  it 
through  attention  to  the  brakes.  If  the  latter  were  lightly 
set  on  a  greater  number  of  cars,  or  if  the  application  was 
changed  from  one  car  to  another,  so  as  to  prevent  excessive 
heating,  the  damage  would  not  be  done. 

Railroad  managers  buy  steel  wheels  at  from  six  to  eight 
times  the  net  cost  of  chilled  wheels,  and  without  question 
assume  the  expenses  for  wear  attributable  to  brake  ser- 
vice. They  buy  costly  lathes  ;  and  if  steel  wheels  are  slid 
flat  or  run  to  sharp  Bange  they  are  removed  and  the  tire 
turned  down  without  a  thought  of  the  maker  being  re- 
sponsible. The  total  mileage  obtained  from  steel  wheels 
is  always  referred  to  as  if  it  were  obtained  without  con- 
stant labor  and  expense  in  refitting  and  returning  the 
tires  to  obtain  it. 

No  one  believes  that  the  M.  C.  B.  Association  or  any 
other  body  of  railroad  men  intend  to  impose  unfair  con- 
ditions on  any  one,  or  that  even  if  they  did  so  from  a  mis- 
apprehension that  they  would  continue  to  enforce  them. 

The  subject  of  chilled  wheels  is  one  that  is  not  under- 
stood as  it  should  be,  and  there  is  no  one  cause  as  distinctly 

responsible  for  the  lack  of  knowledge  as  the  guarantee.  It 
would  appear,  on  the  face  of  the  matter,  that  railroads 
would  be  benefited  by  a  practice  that  enabled  them  to 
buy  supplies  without  investigation  of  quality  or  character 
—to  do  business,  as  it  were,  under  "  bond  and  mortgage. " 
Had  there  never  been  a  guarantee,  had  railroads  bought 
car  wheels  as  they  do  other  material,  more  attention  would 
have  been  paid  to  the  subject,  and  better  information 
would  have  been  gained  as  to  what  a  chilled  wheel  is,  what 
it  should  do,  and  what  it  cannot  do  ;  then  there  would 
have  been  more  progress  in  fitting  it  for  the  increased  de- 
mands of  to-day. 

This  has  not  been  the  case,  however.  In  the  main, 
orders  have  been  placed  with  the  lowest  bidder  because 
he  would  give  a  ^^uarantee  ;  that  such  a  manufacturer  can 

change  his  business  arrangements  as  often  as  he  chooses, 
and  is  in  no  way  really  bound  to  his  promises,  does  not 
seem  to  affect  tht  case.  The  responsible  manufacturer 
must  meet  the  same  conditions  or  lose  business.  What  is 
the  result  ?  The  majority  of  railroads  in  this  country  are 
putting  wheels  under  their  cars  to-day  that  do  not  net  the 
makers  one  and  one-half  cents  Per  pound.  These  figures 
include  all  scrap  values  for  old  wheels  returned,  and 
represent  the  total  net  price  received  by  the  maker  for  his 
wheels.  Well,  it  may  be  possible  that  wheel-makers  are 
alchemists  and  can  furnish  proper  wheels  at  such  prices, 
but  it  is  not  likely.  Why  should  this  be  the  case  ?  It  is 
not  fair  to  say  that  wheel-makers  are  responsible  for  this 
condition  as  a  body  because  a  certain  number  among  them 
have  helped  to  create  it.  It  is  all  very  well  to  say  that 
they  should  not  sell  wheels  unless  they  can  get  a  price  that 
admits  of  furnishing  good  ones  ;  but  when  their  very  best 
customers — the  leading  railroads  of  the  country — tell  them 
they  must  meet  competition  or  lose  the  business,  what  is  to 


be  done  ?  It  is  doubtful  if  a  body  of  men  can  be  found  who 
have  worked  harder,  have  really  done  more  in  any  one  thing 
to  enable  the  wonderful  economy  of  American  railroad 
practice  than  the  practical  car-wheel  makers  of  this  country. 
As  a  rule,  they  are  men  who  commenced  at  the  bottom  and 
worked  up  ;  so  have  the  majority  of  the  men  with  whom 
these  practical  questions  must  be  settled.  It  cannot  be 
that  either  body  wants  anything  unfair  of  the  other.  Cer- 
tainly the  wheel-makers  have  reached  a  point  where  they 
cannot  go  farther.  It  is  useless  to  impose  more  exacting 
conditions  on  [ihem  than  they  now  labor  under.  To  tell 
them  that  no  allowance  has  been  or  will  be  made  for  the 
increase  in  service  their  wheels  must  give,  consequent  on 
the  double  speed  and  double  load  of  to-day  as  against  that 
of  10  or  15  years  ago,  cannot  be  the  intention  of  any  com- 
mittee or  association. 

The  proper  solution  of  this  question  is  to  leave  it  in  such 
shape  that  investigations  will  be  made.  No  other  course 
will  determine  the  good  and  the  bad. 

The  drop  test  proposed  as  a  part  of  the  wheel  specifica- 
tions can  be  used  precisely  as  well  on  wheels  worn  out  as 
on  new  wheels  ;  and  it  is  surely  not  too  much  to  ask,  and 
no  fair-minded  railroad  man  will  refuse  to  investigate 
alleged  failures  before  saying  to  the  wheel-makers  that 
they  must  throw  away  time  and  money  fairly  rendered 
simply  on  the  ruling  of  the  Association  and  without  any  in- 
vestigation of  the  facts. 

Of  all  the  various  parts  of  a  car,  not  one  approaches  in 
importance  the  car  wheel.  It  must  do  all  the  work  of 
transmitting  energy  into  motion  to  move  the  load  and  of 
transferring  motion  into  friction  and  heat  to  stop  it.  It 
must  do  this  while  sustaining  the  load.  It  must  perform 
these  services  with  the  temperature  at  20°  to  30^  below 
zero,  or  at  90°  to  100"  above.  There  is  hardly  a  strain,  or 
shock,  or  blow  that  can  be.  imagined  that  a  car  wheel  does 
not  have  to  stand,  and  yet  these  are  only  the  outward  and 
recognized  tasks  imposed  on  it.  With  every  movement 
the  small  but  never-ending  shock  and  blow  of  service  must 
affect  its  body.  What  we  know  as  motion  is  simply  an  in- 
finitely multiplied  movement,  and  the  greater  the  motion 
the  greater  the  movement.  If  car  wheels  simply  trans- 
mitted motion,  that  would  be  a  different  thing,  but  multiply 
that  service  by  the  load  carried,  and  that  product  by  the 
energy  that  is  constantly  transferred  into  heat  with  brake 
service,  and  an  idea  can  be  gained  of  what  a  car  wheel 
must  do. 

The  chilled  wheel  is  expected  to  pass  from  the  foundry 
as  a  rough  and  unfinished  casting  and  give  results  that 
can  be  obtained  from  the  most  costly  steel  wheels  upon 
which  all  mechanical  art  can  do  has  been  done  regardless 
of  expense.  ;;  \ 

If  the  makers  of  chilled  wheels  can  obtain  l>ttt  a  small 
degree  of  the  consideration  afforded  the  makers  of  steel 
wheels,  the  result  will  amply  repay  the  railroads  ;  and  if 
a  proper  course  is  to  be  pursued  and  the  manufacture  of 
chilled  car  wheels  brought  to  the  standpoint  it  should  oc- 
cupy, fair  consideration  must  be  given  to  all  the  influences 
bearing  upon  it.  It  will  not  do  for  railroad  officials  to 
discharge  the  subject  with  the  assertion  that  it  is  not  their 
affair.     When   they  ask  wheel-makers  to  furnish   wheels 

that  will  not  imperil  life  and  property,  they  must  be  willing 

to  treat  the  subject  on  a  basis  that  will  admit  of  such  a 
thing  being  done. 

APPENDIX. 

The  Canada  Southern  Division  of  the  Michigan  Central 
Railroad  is  equipped  with  119  locomotives.  They  run  on 
one  of  the  straightest  pieces  of  track  in  America.  In  the 
year  1890  the  total  number  of  wheels  removed  from  under 
their  engines  as  worn  out  was  728.  Of  these  416  were  re- 
moved on  account  of  sharp  flange.  The  average  mileage 
of  all  wheels  removed  was  : 


Worn 

out 

from 

, 

33  in- 

Sharp  flange. 

65,730. 

Other  causes, 

58.52a- 

30  in. 

ti           <• 

53.670. 

>t          «< 

53-772. 

28  in. 

«4                      «• 

59.030- 

<t          It 

60,430. 

The  following  individual  cases  of  mileage  of  wheels 
ultimately  failing  from  sharp  flange  indicates  that  as  a 
final  cause  of  failure  flange  wear  is  the  question  to  be  met  : 
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Rem'v'd  in  Jan.,  i8c>i,  from  Engine  No.  410,     a  28-in.  Trk.  whls.^121,373  ni. 
"  '*         "      405,     «  S'^in.  Tdr.      »     -123,093  ni. 


Dec,  1890, 
Nov.,  1890, 
Oct.,  1890, 


378,  «  30-in.  Tdr. 

364,  2  30-in.  Tdr. 

357i  *  ao-in.  Tdr. 

4»9.  I  2  33->"-  'I'dr. 

385,  2  30-in.  Tdr. 

349,  2  28-in.  Trk. 

349,  2  28-in.  Trie. 


—108,434  111. 
— 118,116  ni. 
— 100,741  m. 
—"9.937  m. 
—103,177  ni- 
—132,231  ni. 
—102,730  m. 


As  a  remarkable  fact,  nearly  all  of  the  wheels  making 
over  100,000  miles  ultimately  tailed  on  account  of  Hange 
wear.  This  proves  that  the  conditions  causing  Hange  wear 
are  not  necessarily  associated  with  poor  wheels. 


THE  ARMY  12-INCH  GUN. 


The  accompanying  illustration,  for  which  we  are  Indebt- 
ed to  the  courtesy  of  the  Iron  Age,  shows  a  longitudinal 
section  of  the  new  12-in.  army  bree«h-loading  ntled  gun. 
One  of  these  guns — the  first  ot  a  number  now  under  con- 
struction— is  now  undergoing  its  trials  at  the  proving 
ground  at  Sandy  Hook. 

This  gun  was  built  at  the  Watervliet  Arsenal,  West 
Troy,  N.  Y.,  where  a  large  and  well-fitted  plant  has  been 
established  for  building  guns.  A  noteworthy  fact  is  that 
when  the  construction  ot  this  gun  was  authorized  it  was 
not  possible  to  obtain  steel  forgings  of  the  requisite  size  in 
this  country,  and  therefore  the  tube  and  jacket  were  made 
by  Whitworth,  the  hoops  being  of  home  material,  and  all 
of  the  work  being  done  in  the  Watervliet  shops.  So  rapid 
has  been  the  growth  in  the  steel  works  in  this  country  that 
the  material  for  the  guns  now  under  construction,  and  for 
those  which  may  be  ordered  in  the  future,  will  all  be  fur- 
nished by  home  concerns. 

The  new  gun  is  of  the  built-up  type  ;  it  weighs  52  tons, 
is  12  in.  in  bore  and  440  in.  long  over  all.  The  outside 
diameter  at  the  muzzle  is  20J  in.,  at  the  trunnions  47.8  in., 
and  at  the  breech  46.2  in.  The  exterior  diameter  of  the 
tube  at  the  muzzle  is  17.4  in.,  and  at  the  breech  22  in.;  the 
jacket  being  33.54  in.  in  diameter  and  174  in.  long. 

This  gun  and  the  13-in.  navy  rifle  are  the  largest  guns 
of  modern  type  yet  undertaken  here.  Probably  these  sizes 
will  not  be  exceeded  for  service  guns,  though  a  15-in.  or 
i6-in.  experimental  gun  may  be  built  hereafter. 


THE  HOLTON  BASE. 


By  Professor  J.  Howard  Gore. 


When  the  Kent  Island  base-line,  near  Baltimore,  was 
measured  several  decades  ago,  it  was  not  thought  proba- 
ble that  its  accuracy  would  receive  a  test  at  a  point  more 
than  500  miles  to  the  westward  ;  nor,  in  fact,  did  any  one 
at  that  time  suppose  that  a  triangulation  within  this  cen- 
tury would  extend  half  so  far  from  the  eastern  shore.  The 
Kent  base  served  as  the  foundation  of  a  strong  chain  of 
triangles  which  were  projected  along  the  general  trend  of 
the  coast — far  enough  back  to  rest  on  elevations  of  requi- 
site heights  for  suitable  length  of  triangle  sides,  yet  suffi- 
ciently near  to  furnish  frequent  checks  for  the  triangulation 
of  shorter  sides  on  which  the  shore  topography  and  off- 
shore hydrography  could  rest.  To  do  work  of  this  kind 
was  the  original  function  of  the  Coast  Survey.  But  when 
these  chains  of  primary  triangulation  assumed  greater  pro- 
portions it  became  apparent  that  they  could  be  put  to  use 
in  contributing  geodetic  data,  and  as  soon  as  this  idea  at- 
tained its  proper  hold  on  the  legislative  mind  the  Coast 
Survey  became  the  Coast  and  Geodetic  Survey.  In  plan- 
ning the  work  for  this  reorganized  institution  a  transconii- 
nental  chain  was  decided  upon,  and  work  was  soon  begun 
along  the  39th  parallel.  In  course  of  time  several  inde- 
pendent parties  were  put  in  the  field  to  measure  bases  at 
somewhat  regular  intervals,  and  to  extend  the  triangula- 
tion east  and  west  from  each  of  these  until  the  intervening 
gaps  are  filled,  and  thus  the  entire  chain  completed. 
Those  who  are  familiar  with  the  care  and  accuracy  with 
which  the  officers  of  the  Coast  and  Geodetic  Survey  do 
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their  work  will  realize  what  a  huge  undertaking  this  has 
been,  and  all  who  are  interested  in  the  exact  sciences  will 
fully  appreciate  its  importance. 

That  portion  of  this  arc  known  as  the  eastern  section 
has  been  from  its  inception  in  the  hands  of  Assistant  A.T. 
Mosman.  He  took  as  his  starting  line  one  of  the  lines  of 
the  Atlantic  coast  chain  which  rested  on  the  Kent  Island 
base.  None  but  those  familiar  with  this  class  of  work 
and  the  rough  character  of  those  portions  of  Virginia, 
West  Virginia,  Ohio,  Kentucky,  and  Indiana,  through 
which  this  portion  of  the  arc  passes,  can  form  a  just  con- 
ception of  the  enormity  and  variety  of  difficulties  which 
confronted  Mr.  Mosman  in  the  prosecution  of  his  labor. 
The  reconnoissance  has  been  exceedingly  difficult,  espe- 
cially in  those  localities  where  hills  of  nearly  the  same 
height  abound,  or  in  lower  lands  which  are  heavily  tim- 
bered. The  next  segment  of  this  arc,  in  charge  of  Assist- 
ant G.  A.  Fairfield,  has  its  base  near  the  Missouri  River, 
and  in  the  250  miles  of  its  eastward  course  passes  over  a 
low  country  where  hills  of  sufficient  hejght  are  wholly 
lacking,  and  signals  to  be  seen  must  be  from  100  to  150  ft. 
high.  These  two  sections  of  arc  meet  on  a  common  line 
in  Southern  Indiana,  and  being  an  element  in  two  inde- 
pendent chains,  this  line  has  two  values.  If  the  county 
surveyor  is  anxious  until  he  finds  that  his  latitudes  and  de- 
partures balance,  what  must  be  the  feeling  of  suspense  as 
the  computations  for  the  lengths  of  a  junction-line  approach 
completion— especially  when  the  bases  are  nearly  1,000 
miles  apart,  with  an  interveninj^  chain  representing  almost 
a  score  of  years  ! 

As  could  be  expected,  when  the  reputation  of  the  two 
chiefs  is  considered,  the  rough  computation  for  the  lengths 
of  this  line  in  common  gives  results  which  are  in  wonder- 
ful accord.  But  in  order  to  properly  distribute  the  slight 
discrepancy,  it  was  deemed  advisable  to  measure  a  new 
base  near  the  junction.  This  is  the  Holton  base,  situated 
near  Holton,  Ripley  County,  Indiana.  Numerous  bases 
have  been  measured  in  various  parts  of  this  country,  and 
the  bibliography  of  the  subject  covers  many  pages  ;  but  it 
is  safe  to  predict  that  in  varieties  of  methods,  ingenuity  of 
devices,  and  elaboration  of  results,  none  will  equal  Holton 
base.  The  mere  determination  of  the  length  of  the  base 
within  the  usual  limits  of  accuracy  would  be  quite  a  sim- 
ple operation,  but  its  favorable  location  suggested  that 
some  of  the  theoretical  features  connected  with  base-line 
work  might  here  be  subjected  to  practical  tests,  so  that 
the  Holton  base  not  only  enters  as  a  factor  in  the  trans- 
continental chain,  but  it  takes,  as  an  experimental  base,  a 
most  important  place  in  the  history  of  Geodesy. 

First  of  all  comes  the  measurement  with  a  modified  form 
of.  the  secondary  apparatus,  in  which  a  single  bar  of  steel 
forms  the  measuring  element.  The  changes  in  the  way  of 
improvements  are  in  the  direction  of  securing  more  accu- 
rate temperature  determinations,  and  more  reliable  data  for 
making  corrections  for  inclination.  This  measurement  is 
under  the  immediate  supervision  of  Assistant  O.  H,  Titt- 
mann,  whose  Colorado  base  forms  a  part  of  this  arc. 
Two  measurements  with  this  apparatus  will  give  all  that 
is  demanded  even  by  the  exacting  conditions  of  a  geodetic 
arc.  But  in  order  to  apply  a  crucial  test  to  the  claims  of 
those  who  insist  that  tape-line  measurements  can  be  made 
with  all  needful  exactness  and  in  less  time,  extensive 
preparations  have  been  undertaken  for  measuring  this  base 
with  tapes  of  steel  and  of  bronze,  singly  and  conjointly, 
supported  and  unsupported,  and  of  different  lengths.  The 
details  have  received  most  careful  attention,  and  so  far 
give  evidence  of  a  complete  mastery.  Tension  along  the 
tapes  is  under  control,  and  the  dreaded  question  of  tem- 
perature no  longer  appears  formidable. 

In  all  linear  determinations  the  uncertainty  as  to  the 
length  of  the  unit  employed  while  in  actual  use  has  caused 
the  greatest  concern.  This  is  particularly  the  case  when 
long  tapes  are  used.  But  in  the  present  case  that  uncer- 
tainty becomes  a  vanishing  quantity.  Very  near  the  base 
a  loo-meter  comparator  has  been  constructed,  on  which  it 
>s  possible,  through  an  intermediary  five-meter  bar  com- 
pared with  the  metric  prototype,  to  lay  off  points  whose 
distance  apart  is  any  distance  desired.  These  transfers 
are  made  under  conditions  exactly  similar — the  go-between 
in  both  cases  being  surrounded  by  ice.   From  a  number  of 


measurements,  lengths  of  25,  50  and  100  meters  are  laid 
off  on  this  comparator,  then  the  tapes  are  applied,  and 
from  oft-repeated  observations  at  various  temperatures 
their  exact  lengths  are  ascertained.  Then,  too,  all  the 
data  essential  for  the  determination  of  coefficients  of  ex- 
pansion are  in  hand,  together  with  the  requisite  informa- 
tion regarding  the  effect  of  coiling  and  uncoiling  on  the 
length  of  the  tape.  From  this  it  can  be  seen  that  the  tapes 
are  most  carefully  compared  with  a  reliable  standard  and 
under  conditions  similar  to  those  which  will  prevail  dur- 
ing the  actual  measurement  of  the  base.  These  tapes  will 
be  used  repeatedly  in  ascertaining  the  length  of  the  entire 
base,  and  the  results  will  doubtless  go  far  toward  settling 
the  question  as  to  what  shall  be  used  hereafter  in  measur- 
ing bases. 

In  order  to  institute  still  further  comparisons,  and  to  test 
the  absolute  accuracy  of  the  various  methods  of  measur- 
ing, one  kilometer  of  the  base  will  be  measured  with  the 
same  bar,  in  ice,  which  was  compared  with  the  prototype. 
This  bar  is  a  line  measure,  and  must,  therefore,  be  passed 
successively  under  microscopes,  two  and  two  ;  and  to 
secure  reliable  results,  great  stability  of  microscopes  is 
absolutely  necessary.  To  secure  this,  the  inventive  genius 
of  Assistant  R.  S.  Woodward,  who  is  in  charge  of  this 
special  investigation,  has  found  ample  play.  During  a 
sojourn  of  three  months  on  the  ground,  daily  using  various 
parts  of  the  apparatus,  and  comparing  them  with  other 
forms  which  I  have  employed  before,  I  have  found  much 
that  was  unique  and  original,  and  still  more  that  gives 
promise  of  yielding  results  far  in  advance  of  anything  of 
its  kind  ever  attempted  before. 

The  entire  work  is  under  the  direction  of  Mr.  Mosman, 
whose  name,  to  the  gratification  of  his  friends,  will  always 
be  associated  with  the  Holton  Base — a  work  which  will 
soon  be  known  throughout  the  world. 


THE  ENGINES  FOR  THE  NEW  BATTLE-SHIPS. 


The  accompanying  drawings  show  the  engines  designed 
by  the  Bureau  of  Steam  Engineering,  Navy  Department, 
for  the  new  battle-ships  now  under  construction.  These 
ships  have  been  heretofore  described,  but  for  convenience 
of  reference  their  main  dimensions  are  here  repeated  : 
Length,  348  ft.;  breadth,  69  ft.;  mean  draft,  24.  ft.;  dis- 
placement, 10,000  tons.  They  have  a  heavy  water-line 
belt  of  armor,  and  will  carry  a  very  heavy  armament. 
The  engines  are  described  as  follows  in  the  report  of  En- 
gineer-in-Chief  George  W.  Melville  : 

These  ships  are  designed  for  a  cruising  speed  of  15  knots 
and  are  to  be  propelled  by  machinery  capable  of  develop- 
ing, when  forced  9,000  H.P.,  and  under  ordinary  condi- 
tions. 8,000  H.P.,  driving  twin  screws. 

The  main  engines  are  inverted,  vertical,  direct-acting^ 
triple-expansion,  with  cylinders  of  34^  in.,  48  in.,  and  75 
in.  in  diameter,  and  42  in.  stroke,  and  it  is  estimated  that  at 
a  piston  speed  of  900  ft.  per  minute  or  129  revolutions,  the 
I.H.P.  will  be  9.000. 

Each  engine  and  its  auxiliaries  will  be  separated  from 
the  other  by  a  fore-and-aft  water-tight  bulkhead,  so  that  in 
case  of  accident  to  one  engine  the  other  would  not  be 
affected. 

The  main  valves  will  be  of  the  piston  type,  worked  by 
Stephenson  double-bar  links  ;  one  valve  for  each  high- 
pressure  cylinder,  two  for  each  intermediate,  and  four  for 
each  low-pressure  cylinder,  the  diameter  of  all  the  valves 
being  17  in. 

The  intermediate  and  low-pressure  cylinders  arc  steam 
jacketed  at  sides  and  bottom  :  the  high-pressure  ones 
have  linings,  but  are  not  jacketed.  The  framing  consists 
of  an  inverted  Y-column  at  the  back  of  each  cylinder  and 
two  forged  steel  cylindrical  columns  at  the  front.  The  en- 
gine bed-plates  will  be  of  cast  steel  supported  on  wrought- 
steel  keelson  plates  which  are  built  in  the  ship. 

The  piston  rods,  valve  stems,  and  all  working  rods  arc 
to  be  of  mild  forged  steel  ;  the  pistons  will  be  of  cast  steel. 

The  crank-shafts  will  be  of  mild  forged  steel  ;  they  will 
be  made  in  three  sections  which  will  be  reversible  and 


398 


THE    RAILROAD    AND 


[September,  1^91. 


bo 


y/.,  iV.^-ii 


^fajg^Ty*.  V.V.J" 


nj|j^^-t°r-(^ 


?^- M^^  IK -"-l"! 


igj  ®  lo;  @  ToT 


fo^     ®     fol     ®    MJ>^ 


i51    ^ 


•w^ 


i_i-^3 


L 


> 
< 
2; 


V2    = 

(J 

<  S 


w 


o 


o 

o 
u 
o 


^  -J 


75 

U 
_] 
H 

H 
< 

03 


i-J     t/3 


75 

0 

< 

D 

0 

<; 

0 

UI 

Oi 

ptC 

D 

0 

•* 

b 

''^ 

■iM 

t« 

U 

y. 

> 

1— • 

a 

0 

n 

55 

U} 

U) 

z 

0 

73 

Id 

Vol.  LXV.  No.  9  J 


ENGINEERING    JOURNAL. 


399 


-ifr^Tl' 


' — ^ 


interchangeable  with  each  other  and  with  those  of  the  other 
engine.  They  will  be  14  in.  in  diameter  in  the  journals 
and  15  in.  in  the  pins,  and  have  axial  holes  of  6  in.  in 
diameter  through  the  former  and  of  6^  in.  through  the 
latter. 

There  will  be  a  separate  condenser  for  each  engine, 
made  with  cast-brass  heads  and  rolled-brass  shell,  bolted 
and  riveted  together.  The  castings  will  be  ,\  in.  in  thick- 
ness and  will  contain  all  the  nozzles  for  steam  and  water 
openings.  The  shell  will  be  i  in.  thick,  butted,  strapped, 
riveted  and  soldered  together.  The  diameter  will  be  5  ft. 
9  in.,  and  length  between  tube  sheets  10  ft.  3  in.  Each 
condenser  will  contain  3,788  seamless  drawn  brass  tubes, 
f  in.  outside  diameter,  giving  6,353  sq.  ft.  of  cooling  sur- 
face of  the  outside. 

Condensing  water  will  be  supplied  each  condenser  by  a 
centrifugal  circulating  pump  capable  of  discharging  9,000 
galls,  of  water  per  minute  from  sea  or  bilge. 

The  air-pumps  for  each  engine  will  be  two  vertical, 
single-acting,  lifting  pumps  of  20  in.  diameter  and  18  in. 
stroke.  Owing  to  the  difficulty  which  has  been  experienced 
in  running  the  air-pumps  at  low  speed  when  the  rods  are 
directly  attached  to  the  engine  driving  them,  the  Bureau 
has  designed  this  pump  to  be  driven  by  an  engine  to  be 
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connected  with  it  by  spur  gearing  and  making  2J  revolu- 
tions tor  each  double  stroke  of  the  pump.  The  small  spur 
wheel  is  to  be  made  of  raw  hide  to  lessen  the  noise  when 
working.  The  cylinders  of  the  air-pump  engine  are  6  in, 
diameter  and  12  in.  stroke,  and  exhaust  into  either  receiver 
or  into  the  condenser  at  will.  The  pumps  are  entirely  of 
composition. 

There  will  be  four  main  and  two  auxiliary  boilers,  made 
of  mild  steel  of  the  horizontal,  return  fire-tube  type,  and 
intended  for  a  working  pressure  ot  160  lbs. 

The  main  boilers  will  be  15  ft,  outside  diameter  and  18 
ft.  long,  double  ended  and  with  shells  i/.','  in,  thick.  Each 
boiler  will  contain  eight  corrugated  steel  furnaces  3  ft.  in- 
ternal diameter,  Ttie  tubes  wdl  be  lap-welded  or  seam- 
less drawn  steel  2^  in.  outside  diameter,  the  ordinary 
ones  No.  12  B.  W,  d.  and  the  stay  tubes  No,  6  B,  W.  G. 
in  thickness.  The  main  boilers  will  have  about  1 7^460  sq. 
ft.  of  heating  surface,  and  about  552  sq.  it.  of  grate  ;  the 
auxiliary  boilers  are  the  same  as  those  designed  for  Ar- 
mored Cruiser  No.  2,  and  contain  1.937  sq.  ft.  of  heatjng 
surface  and  64  sq.  ft,  grate.  The  main  boilers  will  be 
arranged  in  groups  of  two,  with  two  smoke-pipes.  The 
auxiliary  boilers  will  be  above  the  protective  deck. 

The  ship  is  intended  to  cruise  under  very  light  forced  or 
natural  draft,  and  has  been  given  large  heating  surface  for 
this  reason. 

There  will  be  a  main  and  auxiliary  feed-pump  in  each 
fire-room,  with  an  additional  auxiliary  feed-pump  in  each 
engine-room,  the  whole  capable  of  supplying  many  times 
the  quantity  of  water  needed  at  full  power. 

There  will  be  evaporators,  distillers,  auxiliary  pumps, 
blowers  for  draft  and  ventilation,  and  the  other  auxiliaries 
now  furnished  ships  of  this  class,  together  with  the  neces- 
sary hydraulic  plant  for  loading  and  handling  the  battery. 

The  propellers  will  be  manganese  bronze  or  approved 
ecjuivalent  metal,  wiih  ad)ustable  blades. 

The  main  engines  for  these  ships  are  shown  in  the  accom- 
panying engravings,  whicn  are  reduced  from  the  drawings 
of  the  liureau.  Fig.  2  is  a  plan  of  the  engines  ;  tig,  i  is 
a  longitudinal  section  ;  fig.  3  is  an  end  view. 

As  heretofore  noted,  there  are  three  ot  these  ships. 
Two— ihe  AfassacAuse/^s  and  the ///r/mwa— are  under  con- 
struction at  the  Cramp  yards  in  Philadelphia  ;  the  third — 
the  Orci^on — at  the  Union  Iron  Works  in  San  Francisco. 


CONTRIBUTIONS     TO     PRACTICAL     RAILR(^D 

INFORMATION 

CHEMISTRY     APPLIED     TO     RAILROADS. 
XX.-DISINFECTANTS. 


By  C.  B.  Dudley,  Chemist,  and  F.  N,  Pease,  Assist- 
ant Chemist,  of  the  Pennsylvania  Railroad. 


(Copyright,  1889,  by  C,  B.  Dudley  and  F.  N.  Pease.) 


(Continued /rom  />age  321.) 


Perhaps  no  question  is  more  annoying  or  perplexing  to 
the  ordinary  railroad  operating  officer  than  the  question, 
'*  What  disinfectant  shall  be  used  .-'"  and  this  perplexity 
arises  from  several  sources.  In  the  first  place,  there  is 
very  great  need  many  times  of  something  that  is  efficient 
and  quick  in  its  operation,  which  will  remove  bad  odors  ; 
also  the  papers  are  full  of  articles  in  regard  to  health  and 
disease,  and  each  railroad  operating  officer  feels  more  or 
less  that  there  may  be  danger  lurking  everywhere  which 


*  The  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  of  the  Pennsylvania  Railroad,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona.  They  will  give  summaries  of 
original  researches  and  of  work  done  in  testing  materials  in  the  laboratory 
referred  to,  and  very  complete  specifications  «f  the  diflferent  kinds  of  material 
which  are  used  on  the  road  and  which  must  be  bought  by  the  Company. 
These  specifications  have  been  prepared  as  the  result  of  careful  investigations, 
and  will  be  given  in  full,  with  the  reasons  which  have  led  to  their  adoption. 

The  articles  will  contain  information  which  cannot  be  found  elsewhere. 
N«.  I,  in  the  JouimAL  for  December,  1889,  is  on  the  Work  of  the  Chemist  on  a 
Railroad;  No.  II,  in  the  January,  1890.  number,  is  on  Tallow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machinery  to 
which  it  is  applied;  No.  Ill,  in  the  February  number,  and  No.  IV.  in  the 
March  number,  are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
in  the  May  number,  on  Petroleum  Products  ;  Wo.  VII,  in  the  June  number, 


he  hardly  knows  how  to  meet  except  by  means  of  disin- 
fectant.  On  the  other  hand,  the  ordinary  disinfectants 
which  are  found  in  the  market  are  so  clothed  in  mystery 
and  high-sounding  names,  and  the  prices  are  so  appalling, 
that  most  railroad  operating  officers  shrink  from  taking 
any  action  in  regard  to  them.  Furthermore,  the  whole 
subject  of  disinfection  and  the  relation  between  filth  and 
disease  is  in  such  uncertain  condition  at  the  best,  and 
what  little  there  is  of  positive  knowledge  is  so  little  known 
and  understood  by  the  majority  of  railroad  operating  offi- 
cers at  least,  to  say  nothing  about  the  ignorance  of  the 
general  public,  that  it  is  quite  natural  there  should  be  a 
good  deal  of  uncertainty  and  perplexity  in  the  matter. 

In  view  of  this  state  of  affairs,  the  Pennsylvania  Rail- 
road Company  some  five  or  six  years  ago  put  some  very 
careful  study  on  the  question  of  what  disinfectant  it  should 
use.  Samples  of  all  the  known  disinfectants  in  the  market, 
to  the  extent  of  some  25,  were  obtained,  and,  as  far  as 
possible,  analyses  were  made  of  these  disinfectants.  Fur- 
thermore, the  best  literature  on  the  subject  of  disinfection 
and  the  relation  between  filth  and  disease  was  carefully 
searched  through  :  also  the  work  of  the  best  authorities 
— notably  the  work  of  the  Committee  on  Disinfectants  of 
the  American  Public  Health  Association — was  made  use 
ot,  the  result  being  the  establishment  of  a  standard  disin- 
fectant for  use  on  the  Pennsylvania  Railroad. 

It  is,  perhaps,  worth  while  to  mention  that  out  of  20  to  25 
disinfectants  of  the  market  examined,  some  nine  or  ten  ap- 
parently depended  for  their  virtues  principally  on  carbolic 
acid,  A  little  larger  number — 12  or  13,  we  think—depended 
principally  for  their  virtues  on  chloride  of  zinc.  Many  of 
these  were  simply  mixtures  of  sulphate  of  zinc  and  common 
salt.  One  was  simply  a  solution  of  nitrate  of  lead.  At  that 
time — somesix  yearsago— noneof  the  commercialdisinfect- 
ants  contained  bichloride  of  mercury  or  corrosive  sublimate 
so  far  as  our  tests  went.  The  state  of  the  market,  as  evi- 
denced by  these  examinations  was  not  very  satisfactory. 
The  prices  were  something  appalling,  and  the  efficiency  of 
the  materials  was  very  small.  It  was  soon  seen  that  in 
order  to  make  a  disinfectant  which  would  be  worth  any- 
thing, two  things  were  essential — namely,  greater  efficiency 
in  service,  and  a  very  great  diminution  in  the  cost. 

As  illustrating  what  materials  there  are  in  the  market, 
we  will  say  that  we  have  had  ordinary  copperas  or  sul- 
phate of  iron  offered  to  us  under  various  names,  at  from 
10  to  25  cents  per  lb.  It  is,  of  course,  well  known  that 
copperas  can  be  purchased  in  the  market  for  75  cents 
to  .*i  per  100  lbs.  Also  liquid  disinfectants  have  been 
offered  which  were  95  per  cent,  water,  the  amount  of  dis- 
infecting material  being  not  over  5  per  cent,  of  the  weight, 
and  these,  too,  at  a  rate  which  would  correspond  to  a  price 
of  from  %z  to  $5  per  gallon.  Furthermore,  coal  tar  in 
various  forms  has  been  offered  to  us  as  disinfectant  at 
prices  which  would  treble  or  quadruple  the  gas  companies' 
dividends,  provided  they  could  secure  these  prices  for  the 
product.  Still  further,  as  showing  the  scope  of  the  exam- 
inations which  have  been  made  in  connection  with  the 
Pennsylvania  Railroad  Laboratory  in  the  matter  of  disin- 
fectants, we  will  say  we  have  seen  disinfectants  containing, 
with  other  things,  quite  large  amounts  of  arsenic. 
We  have  also  examined  disinfectants  containing  as 
their  essential  or  efficient  constituents  the  essential  oils  of 
various  plants  and  trees  ;  also  quite  a  number  of  urinal 
cakes  of  various  composition.  .Since  our  specifications 
were  issued,  we  have  also  examined  everything  which  has 
been  offered  in  the  way  of  disinfectants,  and  have  found 
a  number  of  good  ones  in  the  market,  notably  the  disin- 
fectants made  by  the  decomposition  of  spirits  of  turpentine, 

on  Lubricants  and  Burning  Oils  ;  No.  VIII,  in  the  July  number,  on  the 
Method  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  and 
Lubricating  Creases  ;  No.  X,  in  the  August  number,  on  Battery  Materials; 
No.  XI,  in  the  September  number,  on  Paints  ;  No.  XII,  in  the  October  num- 
ber, on  the  Working  Qualities  of  Paint  :  >  o.  XIII,  in  the  December,  1800, 
number,  on  the  Drying  of  Paint  ;  No.  XIV,  in  the  February  number,  on  the 
Covering  Power  of  Pigments  ;  No.  XV,  in  the  April  number,  on  How  to  De- 
«ig«  a  Paint  ;  No.  XVI,  in  the  May  number,  on  Paint  Specifications  ;  No. 
XVII,  in  the  June  number,  on  the  same  subject,  and  No.  XVIII,  also  in 
June,  on  the  Liverin^  of  Paint ;  No.  XHC,  in  the  July  and  August  numbers,  on 
How  to  Design  a  Paint.  These  chapters  will  b«  followed  by  othen  on  difTereat 
kinds  of  railroad  supplies.  Managers,  superintendents,  purchasing  agents  and 
others  will  find  these  Contributions  to  Practical  Railroad  Information 
of  special  value  in  indicating  the  true  character  of  the  materials  they  must 
use  and  buy. 
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but  in  general  we  have  found  these  materials  either  to  be 
not  as  efficient  as  our  own  standard  disinfectant,  or  that 
the  prices  render  their  use  in  comparison  with  our  own 
unwise.  It  is  always  our  policy  to  examine  every  new 
disinfectant  which  appears  ;  and  if  we  should  find  any 
more  efficient  ar  cheaper  than  our  standard  disinfectant, 
we  would  abandon  ours  at  once  and  use  the  new  one. 

Our  first  disinfectant  specifications  were  dated  February 
28,  1885.  The  disinfectant  made  in  accordance  with  these 
specifications  contained  no  bichloride  of  mercury,  and  was 
in  reality  more  of  a  deodorant  than  a  true  disinfectant. 
Since  that  time  the  specifications  have  been  revised  twice. 
The  latest  specifications  are  given  below,  as  follows  : 

PEMNSYLVANIA    RAILROAD   COMPANY. 

Motive  Power  Department. 

No.  27. 

SPECIFICATIONS   FOR   DISINFECTANT. 
(Superseding  Specifications  dated  February  28,  1885.) 

I.  Disinfectant  for  the  use  of  the  Pennsylvania  Railroad 
Company  will  consist  of  a  neutral  solution  of  the  normal  chlo- 
rides of  copper  and  zinc  and  mercuric  chloride,  put  up  in  eight 
(8)  ounce  bottles,  and  securely  corked.  Each  bottle  should  con- 
tain 2,400  grains  of  zincic  chloride,  120  grains  of  cupric  chloride, 
10.5  grains  of  mercyric  chloride  and  ten  drops  of  a  mixture  of 
equal  parts  of  terebene  and  spirits  of  turpentine. 

II.  The  bottles  used  should  be  of  the  shape  known  as 
"  Round  Prescription,"  should  hold  slightly  more  than  eight  (8) 
fluid  ounces,  should  be  made  of  Amber  Glass,  and  should  weigh 
not  less  than  3,500  grains  each.  They  should  also  have  the 
words  "P.  R.  R.  Disinfectant"  blown  in  the  glass.  The 
Pennsylvania  Railroad  Company  has  a  mould  for  making  these 
bottles  which  is  at  the  service  of  parties  desiring  to  fill  orders 
for  disinfectant. 

III.  Each  bottle  must  have  pasted  to  it  a  label,  on  which  is 
printed  the  following  : 


PENNSYLVANIA    RAILROAD 

COMPANY. 

8TA1WDARD  DISII^FECTAIVT. 


•  ■♦•• 


I>IIlEC;TIOr»fW  FOR  USE. 

For  Use  on  Cars. — Empty  the  contents  of  this  bottle  into  about  one 
quart  of  water.  With  sponge  or  waste,  wash  with  the  liquid  all  parts  of 
the  urinal,  seat  and  hopper,  and  the  floor  adjacent  to  them  in  the  closet, 
allowing  some  of  the  liquid  to  run  down  the  urinal  pipes.  The  same  so- 
lution should  be  used  on  the  floors  and  woodwork  of  the  whole  car,  when- 
ever washing  with  disinfectant  it  necessary.  The  carpets  and  plush  of 
an  infected  car  should  not  be  treated  with  disinfectant,  but  should  be 
fumigated  instead. 

For  Cleaning  Privies,  Closets,  Etc.— Empty  the  contents  of  this 
bottle  into  about  one  quart  of  water  and  use  as  above.  The  disinfectant 
acts  slowly  on  lead,  tin,  copper,  brass,  iron,  etc.,  and  it  is  nut  advisable  to 
allow  it  to  stand  in  the  basins  or  traps.  In  the  vault,  use  the  disin- 
fectant full  strength,  not  less  than  half  a  dozen  bottles  at  once,  but  it  is 
better  to  disinfect  privy  vaults  with  crushed  sulphate  of  copper,  or 
chloride  of  lime,  sprinkled  freely  over  the  mass. 

For  Removing  Bad  Odors. — Empty  the  contents  of  this  bottle  into 
about  one  quart  of  water,  and  s|>rinklc  the  liquid  in  the  place  from  which 
the  odors  arise,  also  saturate  a  towel,  or  other  fibrous  subst.iiice,  with  the 
liquid  and  hang  it  in  the  place  from  which  it  is  desired  to  remove  the 
odors.  For  use  on  towels,  etc.,  a  disinfectant  without  color  can  be  fur- 
nished if  desired. 

In  Cases  of  Diphtheria,  Scarlet,  Typhoid  and  Typhus  Fevers, 
Cholera,  Dysentery,  Consumption,  Etc.— Place  a  little  of  the  disin- 
fectant, full  strength,  in  the  vessel  which  receives  the  excrement,  or 
vomit,  or  throat  discharge,  and  pour  more  of  the  disinfectant  on  the  dis- 
charge after  it  has  been  received  in  the  vessel.  If  the  discharge  soils  the 
floor  or  furnitute  wash  these  soiled  spots  with  the  disinfectant  mixed  with 
water,  as  above.  Soiled  bed  and  body  linen,  rags  or  handkerchiefs  used  to 
receive  discharges,  and  soiled  clothing  should  be  burned,  or  soaked  in  dis- 
infectant diluted  as  above,  for  four  hours,  and  then  rinsed  with  water. 

For  the  Dead,  where  Disinfect.\nt  is  Necessary. — Wrap  the 
body  in  a  sheet  thoroughly  saturated  with  the  disinfectant  full  strength. 

For  Attendants  on  the  Sick. — Empty  the  contents  of  this  bottle  into 
a  pint  of  water,  and  wash  the  hands,  and  other  portions  of  the  body,  if 
soiled,  with  it,  rinsing  off  with  clean  water.  In  sick  rooms  and  hospital 
wards.  w.-\sh  all  surf.-ices  with  the  same  solution. 

13^  This  disinfectant,  when  mixed  with  water,  as  described,  will  not 
injure  the  hands,  but  should  not  get  into  the  mouth. 


IV.  Shipments  of  Disinfectant  in  bottles  which  show  less  than 
eight  (8)  fluid  ounces  per  bottle,  or  which  yield  on  analysis  less 
than  twenty  (20)  per  cent,  by  weight  of  zinc,  one  (i)  per  cent, 
of  Copper,  twenty-three  (23")  per  cent,  of  Chlorine,  and  0.14  per 
cent,  of  mercury,  will  be  rejected. 

V.  Tl>e  standard  Disiqleqtf^nt  may  be  ordered  and  shipped  in 


barrels,  in  which  case  each  gallon  of  the  solution  should  con- 
tain not  less  than  4  pounds  of  zincic  chloride,  3.2  ounces  of 
cupric  chloride,  and  149  grains  of  mercuric  chloride.  The  bar- 
rels must  be  of  good  quality  and  well  hooped  and  glued  to  pre- 
vent leakage.  They  must  each  have  a  label  fastened  on  one 
end,  best  by  means  of  strips  along  the  edges  of  the  label,  oa 
which  is  printed  the  following  : 


PENNSYLVANIA    RAILROAD 
COMPANY. 

{"STANDARD  DISIIVFECTAIVT. 


•  ■»• 


I>I11ECT101VS  FOR  USE. 

Draw  the  disinfectant  from  the  barrel  by  means  of  a  wooden 
spigot  only.  Metal  cocks  should  not  be  i;sbd,  as  the  disinfec- 
tant SLOWLY  corrodes  THEM. 


For  Use  on  Cars. — Mix  a  quart  of  the  disinfectant  with  seven  and  a 
half  pints  of  water.  Then  with  sponge  or  waste,  wash  with  the  liquid  all 
parts  of  the  urinal,  seat  and  hopper,  and  the  floor  adjacent  to  them  in  the 
closet,  allowing  some  of  the  liquid  to  run  down  the  imnal  wipes.  The 
same  solution  should  be  used  on  the  floor  and  woodwork  of  the  whole  car 
whenever  washing  with  disinfectant  is  necessary.  The  carpets  and  plush 
of  an  infected  car  should  not  be  treated  with  disinfectant,  but  should  be 
fumigated  instead. 

For  Cleaning  Privies,  Closets,  Etc. — Mix  a  quart  of  the  disinfec- 
tant with  seven  and  a  half  pints  of  water,  and  use  as  .ibove.  The  disin- 
fectant acts  slowly  on  lead,  tin,  copper,  brass,  iron,  etc.,  and  it  is  not 
advisable  to  allow  it  to  stand  in  the  basins  or  traus.  In  the  vault  use  the 
disinfectant  full  strength,  notless  than  a  half  gallon  at  once,  but  it  is  bet- 
ter to  disinfect  privy  vaults  with  crushed  sulphate  of  copper,  or  chloride 
of  lime,  sprinkled  freely  over  the  mass. 

For  Removing  Bad  Odors. — Mix  a  quart  of  the  disinfectant  with 
seven  and  a  half  pints  of  water,  and  sprinkle  the  liquid  in  the  place  from 
which  the  odors  arise :  also,  saturate  a  towel,  or  other  fibrous  substance, 
with  the  liquid,  and  hang  it  in  the  place  from  which  it  is  desired  to  re- 
move the  odors.  For  use  on  towels  a  disinfectant  free  from  color  can  be 
furnished  if  desired. 

In  Cases  of  Diphtheria,  Scarlet,  Typhoid,  or  Typhus  Fevkks, 
Cholera,  Dysentery,  Consumption,  Etc — Place  a  little  of  the  disin- 
fectant, full  strength,  in  the  vessel  which  receives  the  excrement,  vomit, 
or  throat  discharge,  and  pour  more  of  the  disinfectant  on  the  discharge 
after  it  has  been  received  in  the  vessel.  If  the  discharge  soils  the  floor  or 
furniture,  w.ish  these  soiled  spots  with  the  disinfectant  mixed  with  water 
as  above.  Soiled  bed  .ind  body  linen,  rags  or  handkerchiefs  used  to  re- 
ceive discharges,  and  soiled  clothing  should  be  burned,  or  soaked  in  disin- 
fectant diluted  as  above  for  four  hours,  and  then  rinsed  with  clean  water. 

For  the  Dead,  where  Disinfectant  is  Necessary. — Wrap  the  body 
in  a  sheet  thoroughly  saturated  with  the  disinfectant,  full  strength. 

For  Attendants  on  the  Sick. — Mix  a  quart  of  the  disinfectant  with 
two  quarts  of  water,  and  wash  the  hands  and  other  portions  of  the  body, 
if  soiled,  with  it,  rinsing  off  with  clean  water.  In  sick  rooms  and  hospital 
wards,  wash  all  surfaces  with  the  same  solution. 

I^^This  disinfectant,  when  mixed  with  water,  as  described,  will  not 
injure  the  hands,  but  should  not  get  into  the  mouth. 

Empty  Barrels  Need  Not  be  Returned. 


VI.  Shipments  of  Disinfectant  in  barrels  will  not  be  accepted 
which  show  on  analysis  less  than  15.8  per  cent,  of  zinc,  0.8  per 
cent,  of  copper,  0.13  per  cent,  of  mcrcuiy,  and  18  per  cent,  of 
chlorine. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 
Offi.ce  of  General  Superintendent  Motive  Power,  Altoona,  Pa., 
March  6,  1S9I. 

It  will  be  observed  that  our  disinfectant  practically  con- 
sists of  a  mixture  of  chlorides  of  zinc,  of  copper,  and  of 
mercuric  chloride,  with  a  little  terebene  and  spirits  of  tur- 
pentine. The  reasons  why  for  each  of  these  constituents 
is  as  follows  :  The  mercuric  chloride  or  corrosive  subli- 
mate is,  as  far  as  we  know  or  are  able  to  get  information, 
.the  most  efficient  material  which  can  be  used  for  general 
disinfecting  purposes  ;  and,  as  will  be  observed  by  the 
directions  which  go  on  the  bottle,  the  material,  when 
diluted  for  use,  is  about  one  part  in  2000  mercuric 
chloride.  When  the  disinfectant  is  used  full  strength,  as 
provided  for  in  the  directions,  the  proportions  of  mercuric 
chloride  are  ono  part  in  500,  and  when  diluted  for  use 
by  attendants  on  the  sick  the  proportions  are  one  part  in 
1000.  This  makes  a  very  efficient  disinfectant,  if  we 
may  trust  the  results  of  the  work  of  the  Committee  on 
Disinfectants  of  the  American  Public  Health  Association. 

The  chloride  of  copper  is,  perhaps,  anomalous  as  a  dis- 
infectant, since  we  are  unable  to  find  any  experiments 
which  show  that  chloride  of  copper  as  such  is  a  very  effi- 
cient disinfectant.  Sulphate  of  copper  is  knowR  to  be 
thoroughly  efficient,  but  the  chloride  has  apparently  not 
been  experimented  with  so  much.    The  use  of  chloride  of 


402 


THE    RAILROAD    AND 


[September,  1891. 


copper  in  our  disinfectant  was  to  get  something  to  fix  sul- 
phuretted hydrogen,  which  is  one  of  the  gases  often  given 
off  from  decaying  organic  matter,  and  also,  if  possible,  to 
get  a  little  chemical  action  due  to  some  base  acting  as  a 
carrier,  with  the  idea  of  consuming  or  burning  the  organic 
matter  with  which  the  substance  came  in  contact.  It  is 
well  known  that  oxide  of  iron  freihly  precipitated  is  a  very 
efiicient  means  of  burnmg  or  slowly  consumingorganic  mat- 
ter with  which  it  is  in  contact,  provided  the  organic  mat- 
ter is  either  suspended  or  dissolved  in  water.  But  it  was 
impossible  to  use  any  iron  salt  in  our  disinfectant  on  ac- 
count of  the  serious  stain  to  everything  v\ith  which  the  disin- 
fectant came  in  contact,  as  well  as  the  difficulty  of  keeping 
the  disinfectant  unchanged  by  time.  We  accordingly  in- 
troduced a  little  copper.  The  sulphate  would  not  stay  as 
such  in  a  solution  of  chlorides,  so  we  were  compelled  to 
put  in  a  little  chloride  of  copper.  It  is  well  known  that 
copper  in  presence  of  sulphuretted  hydrogen  becomes  sul- 
phide of  copper,  and  that  sulphide  of  copper  in  presence 
of  air  oxidizes  to  sulphate  ;  also  that  sulphate  of  copper 
may  again  precipitate  as  sulphide,  and  thus  a  series  of 
changes  be  kept  up  which  it  was  hoped  would  result  in  the 
decomposition  of  the  organic  matter.  We  are  not  able  to 
say  that  this  point  has  Deen  thoroughly  proven,  and  our 
main  reliance,  so  far  as  the  copper  salt  is  concerned,  is  on 
something  to  fix  the  sulphuretted  hydrogen.  It  will  be  noted 
that  in  case  there  is  sulphuretted  hydrogen  present,  we  get 
sulphate  of  copper  as  a  resultant,  which,  as  said  above,  is 
a  useful  and  valuable  disinfectant,  so  that  if  the  reaction 
goes  no  further,  there  is  apparently  sufficient  excuse  and 
reason  for  the  introduction  of  a  little  copper  chloride  into 
a  general  disinfectant. 

Chloride  of  zinc,  if  we  may  trust  our  practical  use,  is 
one  of  the  most  efficient  deodorants  known.  We  have 
many  examples  where  its  value  in  obliterating  bad  odors 
has  been  very  satisfactorily  shown,  and  it  will  be  observed 
that  we  use  quite  a  large  percentage  of  chloride  of  zinc  in 
our  disinfectant.  Those  who  care  to  figure  the  matter  out 
will  note  that  the  dilution  given  in  the  directions  gives  a 
little  over  10  percent,  of  chloride  of  zinc  in  the  disinfectant 
ready  for  use.  The  experiments  of  the  Committee  on  Dis- 
infectants of  the  American  Public  Health  Association 
show  that  chloride  of  zinc  in  this  strength  is  a  fairly  effi- 
cient disinfectant,  so  that,  so  far  as  absolute  disinfection 
goes,  we  cannot  but  feel  that  our  standard  disinfectant  is 
efficient  from  at  least  two  of  its  constituents — namely,  the 
mercuric  chloride  and  the  chloride  of  zinc 

The  spirits  of  turpentine  and  the  terebene  are  added  not 
so  much  for  the  purpose  of  disinfection,  but  as  a  tell-tale. 
It  may  seem  a  little  strange,  but  one  of  the  difficulties 
which  constantly  occurs  on  all  railroads  is  to  get  efficient 
service  from  the  men,  and  the  object  ot  the  terebene,  the 
odor  of  which  is  very  persistent,  is  to  be  able  to  know 
whether  the  men  have  used  the  disinfectant  as  they  may 
say  they  have.  Disinfectant  containing  the  proper  amount 
of  terebene  used  in  the  closet  of  a  car  should  leave  the  odor 
for  at  least  24  hours,  and  possibly  still  longer.  In  itself 
terebene  is  believed  to  be  in  a  slight  extent  a  disinfectant, 
but  we  do  not  rely  much  upon  it  in  this  light. 

It  is  fair  to  say  that  there  are  other  disinfecting  mate- 
rials well  known  which  possibly  might  be  fully  as  efficient 
as  the  ones  which  we  use.  We  spent  a  good  deal  of  stutly 
and  time  on  the  question  when  we  were  deciding  on  the 
constituents  of  our  disinfectant,  and  did  not  see  our  way 
clear  to  do  differently  than  we  have  done.  We  are  quite 
well  aware  that  chlorine  and  the  hypochlorites  are  extreme- 
ly valuable  ;  also  that  carbolic  acid  itself  is  valuable  ;  also 
that  permanganate  of  potash  with  bichloride  of  mercury  is 
extremely  valuable.  The  merits  of  these  various  com- 
pounds were  carefully  discussed  at  the  time  when  we  estab- 
lished our  disinfectant,  and  some  were  left  out  for  one 
reason  and  some  for  another.  Chlorine  and  the  hypo- 
chlorites are  not  easily  managed  in  places  where  people 
congregate.  There  is  an  exceedingly  objectionable  odor 
likewise  to  carbolic  acid,  which  odor  at  times  may  mask 
the  odor  that  an  attempt  is  being  made  to  kill.  Our  own 
disinfectant  has  only  the  odor  of  terebene,  which  is  ex- 
tremely pleasant,  and  we  do  not  at  all  attempt  to  remove 
one  bad  odor  by  substituting  another,  which,  if  we  are 
rightly  informed,  is  a  far  too  common   method  of  disin- 


fection. Our  experience  with  permanganate  and  bichloride 
is  not  wide,  and  what  little  we  do  know  is  not  against  it 
but  in  favor  of  it.  It  had  not  come  forward  very  promi- 
nently when  we  established  our  disinfectant.  Moreover, 
its  deodorant  properties,  so  far  as  we  know,  are  much  less 
than  our  standard  disinfectant.  Upon  the  matter  of  de- 
odorization  we  may,  perhaps,  safely  say  that  many  places 
occur  on  railroads  where  there  is  an  objectionable  odor, 
without  said  odor  or  its  sources  being  strictly  dangerous 
to  health.  This,  as  we  understand  the  matter,  is  clearly 
the  case  in  car  closets.  A  disinfectant,  therefore,  which 
would  not  overcome  this  o  lor,  while  it  might  be  thorough- 
ly efficient  against  disease,  would  not  be  as  satisfactory 
for  general  railroad  use  as  a  disinfectant  which  was  like- 
wise a  good  deodorant.  The  most  serious  objectibn  to  our 
disinfectant  which  we  have  yet  found  is  that  it  slowly  acts 
on  metal  pipes.  The  presence  of  the  copper  causes  slight 
action  on  copper  pipes,  and  lead,  as  is  well  known,  is 
affected  by  bichloride  of  mercury.  Our  experience,  how- 
ever, for  some  six  years  now  has  shown  that  the  action  is 
so  slow  that  we  have  not  really  received  any  serious  detri- 
ment from  this  cause,  and  unless  some  new  disinfectant 
comes  forward  which  is  equally  as  efficient  as  a  deodorant 
and  also  as  a  disinfectant  proper,  which  has  no  action  on 
metal  pipes,  we  should  consider  the  matter  quite  carefully 
before  we  would  change. 

It  will  be  observed  that  our  disinfectant  is  put  up  in  two 
ways — in  bottles  and  in  barrels — and  that  the  two  disin- 
fectants differ  from  each  other  a  little  in  composition.  It 
should  be  stated  that  when  the  material  is  diluted  for  use 
there  is  no  difference  in  the  diluted  material,  the  propor- 
tions of  water  added  to  the  original  material  in  the  two 
cases  being  different.  In  order  to  distribute  the  disin- 
fectant in  bottles,  they  are  put  in  boxes  with  crate  parti- 
tions, 24  bottles  in  a  box,  with  a  cover  screwed  on.  Each 
box  is  readily  handled,  and  the  material  is  shipped  to  the 
various  stations  where  it  is  required  for  use,  the  boxes  and 
bottles  being  returned  for  use  again.  The  barrel  ship- 
ments are  made  use  of  for  those  places  which  use  large 
amounts  of  disinfectant.  One  barrel  is  equivalent  in  dis- 
infecting power  to  24  boxes  of  two  dozen  bottles  each. 

The  specifications  having  been  issued,  the  question  of 
how  to  obtain  the  disinfectant  at  once  arose.  The  Pur- 
chasing Department  was  asked  to  get  bids  for  making  dis- 
infectant according  to  the  specifications.  It  is  a  little 
interesting  to  note  that  the  lowest  bid  per  bottle  for  disin- 
fectant without  the  boxes  used  for  distribution  from  the 
storehouse  to  the  various  stations  was  14  cents  per  bottle. 
This  figure  was  so  high  that  the  question  of  making  the 
disinfectant  ourselves  under  the  charge  of  the  Laboratory 
was  at  once  taken  up  ;  the  result  being  that  the  disin- 
fectant for  the  use  of  the  whole  road  is  now  made  at  AI- 
toona.  under  the  charge  of  the  Laboratory,  and  distributed 
to  the  various  places  where  it  is  to  be  used.  The  cost, 
including  the  bottles,  which  makes  it  strictly  comparative 
with  the  bid  above  mentioned,  is  5  cents  per  bottle.  The 
actual  cost  of  the  disinfectant  in  the  bottle,  provided  the 
box  and  bottle  used  for  distribution  are  returned,  is  only 
about  2^  cents  per  bottle.  The  cost  of  the  disinfectant  in 
barrels  is  somewhat  less  than  this,  since  the  labor  of  bot- 
tling is  not  required,  and  also  the  breakage  and  loss  of 
bottles  and  the  damages  to  the  boxes  in  transit,  which  ex- 
pense must  of  course  be  met,  is  considerably  less. 

The  method  of  making  the  disinfectant  at  Altoona  is 
very  simple.  We  do  not  expect  to  give  enough  informa- 
tion to  enable  any  one  to  set  up  in  business  for  themselves, 
as  there  are  some  little  details  of  manipulation  which  we 
shall  probably  fail  to  mention  ;  but  in  general  we  may  say 
that  we  start  with  muriatic  acid,  and  add  white  zinc  to  this 
in  certain  proportions,  enough  to  about  two-thirds  or 
three-quarters  saturate  the  acid.  We  then  add  metallic 
zinc,  in  the  form  of  old  battery  zincs,  which  are  received 
from  the  service  at  a  very  cheap  rate,  and  allow  the  acid 
to  act  until  it  is  saturated.  This  operation  is  usually  con- 
ducted in  half  barrels.  An  ordinary  good  oak  half-barrel 
will  last  to  make  100  gross  or  more  of  bottles,  the  action 
of  the  material  on  the  wood  being  very  light.  The  mate- 
rial is  then  strained,  and  the  proper  amount  of  a  mixture 
of  sulphate  of  copper  with  common  salt,  which  results  in 
the  formation  of  chloride  of  copper,  added,  the  proper 
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amount  of  bichloride  of  mercury  added,  and  the  material 
diluted  by  the  addition  of  water  to  the  proper  strength  and 
thoroughly  mixed.  It  will  be  understood  that  the  action 
of  the  acid  on  the  zinc  results  in  the  formation  of  consid- 
erable heat,  and  the  evaporation  of  some  of  the  water 
mixed  with  the  acid,  so  that  when  the  "  boiling,"  as  it  is 
technically  called,  is  done,  the  solution  of  chloride  of  zinc 
is  too  strong  and  is  hot,  hence  the  addition  of  the  water  to 
dilute.  After  all  the  ingredients  are  in,  the  material  is 
allowed  to  stand  over  night,  and  is  then  drawn  off  into 
bottles.  A  half  barrel  will  readily  hold  a  batch  of  two 
gross  of  eight-ounce  bottles.  The  terebene  and  turpentine 
are  added  as  each  bottle  is  filled.  For  the  barrel  use  the 
material  is  treated  in  exactly  the  same  way,  except  that  after 
it  has  set  over  night  and  has  settled  perfecily  clear,  it  is 
drawn  off  into  a  barrel  and  the  proper  amount  of  water 
added  to  fill  the  barrel.  The  reason  why  the  disinfectant 
in  barrels  is  not  quite  as  concentrated  as  in  the  bottles  is 
because  we  find  the  concentrated  material  shrinks  the 
staves  a  little,  and  is  apt  to  cause  leakage.  As  stated 
above,  the  diluted  material,  when  it  is  ready  for  use,  is  the 
same  whether  the  disinfectant  is  obtained  in  bottles  or  bar- 
rels. 

The  results  from  the  use  of  the  P.  R.  R  Standard  Dis- 
infectant have  been  exceedingly  satisfactory.  Every  new 
disinfectant  that  is  offered,  as  stated  above,  is  compared 
either  in  efficiency  or  cost  with  the  P.  R.  R.  Standard  ; 
and  thus  far  we  have  not  found  anything  that  was  as  effi- 
cient for  as  little  money  as  our  standard.  Also  in  service 
the  results  are  as  satisfactory  as  we  can  wish.  The  disin- 
fectant is  so  efficient  that  the  men  observe  a  change  in  the 
atmosphere  at  once  where  the  disinfectant  has  been  used. 
Also  the  price  is  low  enough,  so  that  the  material  can 
be  used  freely  without  any  serious  increase  in  expenditures. 
It  may  seem  a  little  singular,  but  in  reality  it  is  difficult  to 
get  the  men  to  use  as  much  as  we  could  wish.  In  other 
words,  the  closets  in  cars  and  the  outhouses  are  not  kept 
as  clean  as  they  should  be,  owing  to  lack  of  attention. 
The  management  would  be  pleased  if  the  total  use  on  the 
road,  instead  of  being,  perhaps,  250  gross  of  bottles  or  its 
e(|uivalent  per  year,  was  500  gross. 

In  order  to  stimulate  attention  to  the  matter  of  disin- 
fection and  general  cleanliness,  the  following  circular  has 
been  issued.  The  copy  given  below  is  the  second  or  third 
revision.  These  circulars  have  been  printed  and  posted 
on  cards  in  the  shops  and  other  places  frequented  by  the 
employes,  and  also  a  large  number  of  them  were  printed 
and  distributed  among  the  men.  The  circular  is  as  fol- 
lows : 

PENNSYLVANIA    RAILROAD   COMPANY. 

CIRCULAR   IN    REGARD   TO    DISINFECTION. 

The  efficiency  of  the  service  depending  largely  on  the  health 
of  the  employes,  the  attention  of  all  is  called  to  the  following 
points,  in  regard  to  disinfection,  and  general  preventive  meas- 
ures against  disease. 

CLEANLINESS. 

One  of  the  most  important  means  of  preventing  disease  is 
cleanliness,  not  only  of  the  body,  but  also  of  surroundings.  No 
disinfectant  or  medicine  can  take  its  place.  The  following  rules 
must  be  observed  : 

I.  All  shops,  stations,  and  adjacent  grounds,  as  well  as  the 
tracks  between  stations,  must  be  kept  scrupulously  clean.  De- 
caying ANIMAL  OR  VEGETABLE  MATTER,  AND  RUBBISH  OF  EVERY 
KIND  MUST  BE  BURNED. 

II.  The  floors  and  seats  of  privies  everywhere  must  be 
scrubbed  with  soap  and  water  not  less  than  once  in  two  weeks, 
and  ttie  vaults  emptied  whenever  the  material  accumulates  to 
within  three  feet  of  the  surface  of  the  ground.  In  no  case 
should  a  privy  vault  be  less  than  five  feet  deep. 

III.  Drains  and  sewers  must  be  flushed  with  fresh  water  as 
often  as  once  a  week,  if  the  water  supply  will  admit. 

IV.  Passenger  cars  must  be  thoroughly  ventilated,  and  the 
plu«h  beaten  frequently.  The  paint  and  glass  must  be  washed 
at  least  once  in  two  weeks. 

V.  The  cl(jsets  of  passenger  cars,  especially  the  floor, 

URINAL,  AND  HOPPER,  MUST  BE  WASHED  AT  LEAST  ONCE  A  WEEK 
with  "  P.    R.    R.    DISINFECTANT,"  ACCORDING    TO    THE    DIREC 
TIONS  GIVEN. 

VI.  Freight  cars  at  stations  must  be  cleaned  before  leaving 
the  station,  and  if  the  refuse  from  these  cars  cannot  be  satis- 
factorily disposed  of  otherwise,  it  must  be  burned. 


WATER   SUPPLY. 

Too  great  care  cannot  be  exercised  in  keeping  the  water  sup- 
ply used  for  drinking  and  household  purposes  free  from  con- 
tamination, impure  water  being  one  of  the  most  effective  means 
of  spreading  disease.    The  following  points  should  be  observed  : 

I.  Privies  and  stables,  and  outlets  of  drains  and  sewers,  are 
frequently  so  located  that  the  drainage  therefrom  finds  its  way 
readily  into  the  water  supply.     This  should  never  be. 

II.  As  a  rule  it  is  better  to  take  water  supply  from  rapidly 
running  streams  than  from  any  other  source,  and  always  some 
distance  above  the  nearest  contamination.  Springs,  where  the 
high  land  surrounding  them  is  free  from  impure  drainage,  are 
excellent  sources  of  water  supply.  Wells,  especially  those  near 
dwellings,  should  be  avoided. 

III.  In  ALL  CASES  WHERE  A  WATER    SUSPECTED   OF   CONTAMI- 
NATION MUST  BE  USED  FOR  DRINKING,  OR  AS  A  CONSTITUENT  OF        * 
FOOD,  SUCH  WATER  SHOULD    BE  BOILED  AND  THEN  ALLOWED  TO 
COOL   AND    SETTLE    BEFORE    IT    IS    USED.       It   IS    BETTER   NOT  TO 
ADD  ICE  TO  THE  BOILED  WATER,  AS    ICE    ITSELF    IS  FREQUENTLY 

CONTAMINATED.  Boiled  water  may  be  readily  cooltd  by  hav- 
ing it  in  a  metal  or  earthen  vessel,  and  after  wrapping  a  wt-t 
towel  around  the  vessel,  placing  it  in  a  current  of  air,  or  by 
placing  ice  in  contact  with  the  vessel  outside. 

IV.  Garbage  and  rubbish  of  all  kinds  near  the  water  supply 
must  be  burned  or  removed. 

DISINFECTION. 

The  best  disinfectant  known  is  simply  fire.  Burn  up  every- 
thing in  the  shape  of  filth,  and  it  will  never  cause  further  diffi- 
culty. In  some  cases,  however,  this  is  impossible,  and  in  such 
cases  disinfectants  and  antiseptics  are  properly  used,  especially 
(i)  to  remove  offensive  odors,  (2)  to  render  decaying  organic 
matter  which  cannot  be  burned  less  dangerous,  and  (3)  most 
important,  to  destroy  disease  germs.  It  ic  believed  that  the 
"P.  R.  R.  Disinfectant"  will  accomplish  each  of  these  results. 
If  it  is  properly  used  after  filth  and  rubbish  of  all  kinds  ha\e 
been  burned  or  disposed  of  as  directed  above,  offensive  odors 
everywhere  will  be  reduced  to  a  minimum,  and  the  danger  of 
disease  will  be  very  greatly  diminished. 

I.  This  disinfectant  must  be  used  freely,  and  all  persons 
in  charge  of  shops,  stations,  cars,  or  any  portion  of  the  Com- 
pany property,  will  be  held  strictly  responsible  that  the  prop- 
erty  is  as  clean  and  free  from  odor  as  possible.  P.  R.  R.  Dis- 
infectant is  made  under  the  supervision  of  the  Laboratory  at 
Altoona.  and  may  be  obtained  in  boxes  holding  two  dozen  bot- 
tles by  making  requisition  on  Altoona  Shops.  Directions  for 
use  accompany  each  bottle.  For  use  where  slight  stain  is  ob- 
jectionable, a  special  form  of  P.  R.  R.  Disinfectant  is  made 
which  does  not  stain. 

II.  For  disinfecting  clothing,  bed  linen,  or  other  articles 
which  have  become  contaminated,  and  which  it  is  not  desirable 
to  burn,  the  best  disinfectant  is  simply  to  boil  in  water  for  at 
least  half  an  hour. 

III.  Sulphate  of  Copper,  or  Blue  Vitriol,  also  known  as 
"  Blue  Stone,"  is  a  very  valuable  disinfectant.  In  damp  places, 
in  privy  vaults,  and  in  cesspools,  it  may  be  used  freely  in  the 
dry  form,  being  simply  coarsely  powdered  and  scattered  around. 
In  other  places  it  should  be  dissolved  in  water  before  use,  not 
less  than  one-half  pound  to  the  gallon  of  water. 

IV.  Sulphate  of  iron,  or  Copperas,  is  also  valuable,  especially 
as  an  antiseptic.  It  is  much  cheaper  than  Sulphate  of  Copper, 
and  should  be  applied  in  the  same  way,  and  for  the  same  pur- 
poses, except  that  two  or  three  times  as  much  should  l)c  used. 

V.  Ice  is  very  valuable  in  preventing  decomposition,  and  in 
this  sense  is  a  good  antiseptic.  It  may  be  used  with  great  ad- 
vantage on  passenger  cars,  and  in  the  urinals  of  water-closrts 
at  stations.  In  all  cases  where  the  supply  will  admit,  a  lump 
of  ice  must  be  kept  in  the  urinal  of  every  passenger  car  while 
the  car  is  in  service. 

infectious  diseases. 

If  at  any  time  a  case  of  infectious  disease  is  found  at  a  sta- 
tion, in  a  passenger  car,  or  elsewhere  on  the  Company's  prop- 
erty, a  physician  should  be  immediately  sent  for.  The  car 
should  be  removed  from  the  train  as  soon  as  practicable,  the 
doors  locked,  and  it  should  not  again  be  used  until  it  has  been 
fumigated. 

The  foregoing  has  been  approved  by  the  Pennsylvania  State 
Board  of  Health,  and  all  employes  are  expected  to  heartily  co- 
operate in  the  above  measures  for  preventing  disease,  and  they 
are  earnestly  recommended  to  apply  them  also  at  their  own 
homes. 

Chas.  E.  Pugh, 
General  Manager, 

Office  of  General  Manager,  Philadelphia,  May  2^,  1889. 

The  various  points  mentioned  in  the  above  circular  will, 
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perhaps,  readily  explain  themselves.  It  is  the  desire  and 
hope  of  the  management  to  constantly  do  something  to 
educate  its  employes  to  a  higher  state  ot  efficiency  in  re- 
gard to  preventive  measures  against  disease,  the  above 
circular  being  one  of  the  various  means  employed.  As 
knowledge  increases  on  the  subject  treated,  new  editions 
or  revisions  of  the  circular  will  undoubtedly  be  issued. 

We  hope  in  the  next  article  to  take  up  the  question  of 
steel  for  springs. 

(to  be  continued.) 


CORRUGATED    FIRE-BOXES    FOR    LOCOMO- 
TIVE BOILERS. 


During  the  past  year,  as  has  been  heretofore  noted  in 
our  columns,  considerable  attention    has    been   given   in 
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Germany  to  the  use  of  corrugated  fire-boxes  for  locomotive 
boilers.  The  advantages  claimed  by  their  advocates  have 
been  simplicity  and  cheapness  ;  greater  strength,  owing 
to  the  absence  of  flat  surfaces,  the  outside  shell  of  the 
boiler  being  a  plain  cylinder  ;  the  dispensing  with  a  large 
number  of  stay-bolts  required  with  the  ordinary  form  of 
boiler  ;  and  a  decrease  in  weight,  which  can  be  improved 
by  increasing  the  size  and  capacity  of  the  boiler. 

The  accompanying  sketches,  which  are  taken  from 
Glaser' s  Annalen,  show  plans  for  boilers  with  corrugated 
fire-boxes  which  have  betn  recently  prepared  by  Chief  In- 
spector Bobertag,  of  the  Prussian  State  Railroads.  Two 
of  them  are  to  replace  old  boilers  of  the  ordinary  type,  and 
the  third  is  for  a  proposed  new  class  of  engines  for  fast 
passenger  service. 


The  first  boiler,  shown  in  section  in  fig.  i,  is  for  a  six- 
wheel  freight  engine  of  the  type  in  ordinary  use  on  the 
Prussian  lines.  It  is  a  plain  cylinder  with  the  corrugated 
fire-box  inserted,  the  method  of  bracing  and  staying  being 
mdicated  in  the  sketch.  This  form  of  boiler,  it  is  claimed, 
is  the  strongest  and  cheapest  that  can  be  made  for  a  loco- 
motive ;  and  Herr  Bobertag  says  that  the.cost  will  be  33)^^ 
per  cent,  less  than  that  of  a  boiler  of  the  same  steam-mak- 
ing capacity  of  the  ordinary  type. 

Fig.  2  shows  a  boiler  of  very  similar  construction.  It  is 
intended  for  the  same  class  of  locomotives,  and  differs 
from  that  shown  in  fig.  i  chiefly  in  having  the  rear  end  of 
greater  diameter  than  the  rest  of  the  barrel.  This  boiler  is 
also  a  strong  and  simple  type  ;  the  difference  in  cost  would 
be  chiefly  in  the  expense  of  flanging  the  plates  to  make  the 
joint  between  the  barrel  and  the  enlarged  rear  end,  or  out- 
side  fire-box.     This  form   of   boiler,  however,  might  be 

more  convenient  in  some  in- 
stances, especially  where  the  driv- 
ing wheels  are  of  considerable 
size. 

Fig.  3  shows  a  boiler  designed 
for  a  new  class  of  locomotives  for 
fast  passenger  work.  In  this 
case  it  will  be  noticed  that  the 
engine  is  of  the  Forney  type,  with 
four  coupled  wheels  under  the 
boiler  and  a  four-wheeled  truck 
under  the  rear  end,  the  frames 
being  prolonged  far  enough  to 
carry  a  tank  and  coal-box.  The 
boiler  is  of  the  same  type  as  that 
shown  in  fig.  2,  the  rear  end  be- 
ing larger  in  diameter  than  the 
main  part  of  the  barrel. 

Another  boiler  designed  is  the 
same  as  fig  3,  except  that  there  is 
no  water-space  at  the  rear  end. 
The  fire-box  is  riveted  to  the  plate 
forming  the  boiler-head,  which  is 
flanged  to  receive  it,  and  the  plate 
closing  the  fire-box  is  protected 
by  fire-brick.  It  is  claimed  by 
Herr  Bobertag  that  this  arrange- 
ment of  the  rear  end  of  the  boiler 
presents  advantages  over  the 
water-pace,  and  that  little  or  no 
heat  is  lost  by  it,  while  it  is  at 
once  stronger  and  cheaper. 

The  use  of  the  corrugated  fire- 
box and  the  boiler  ot  entirely 
cylindrical  form  permits  the  driv- 
inj;-wheels  to  be  placed  in  the  best 
position  without  reference  to  the 
fire-box.  It  is  quite  a  usual  prac- 
tice to  put  one  of  the  driving- 
axles  under  the  fire-box,  but  the 
inconveniences  of  such  an  ar- 
rangement are  well  known.  The 
chief  objection  to  the  corrugated 
fire-box  seems  to  be  that  it  makes 
a  long  and  narrow  grate  neces- 
sary, and  in  very  large  locomo- 
tives the  length  would  be  so  great 
as  to  make  it  very  hard  work  for 
the  fireman  to  attend  properly  to  his  fire. 


THE  VYRNWY  WATER  WORKS. 


(From  Industritt.) 


As  the  works  for  bringing  the  Liverpool  water  supply 
from  the  Vyrnwy  Valley  to  the  reservoir  at  Prescot  are 
now  completed,  with  the  exception  of  the  short  connecting 
link  in  the  pipe  line  under  the  Mersey,  a  short  resumi  of 
the  work  may  be  of  interest.  The  Vyrnwy  Valley  lies 
about  six  miles  to  the  southeast  of  Bala  Lake,  at  an  eleva- 
tion of  780  ft.  above  the  level  of  the  sea,  into  which  flows 
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the  River  Vyrnwy,  the  waters  of  which  are  now  impound- 
ed by  the  masonry  dam,  forming  a  lake  434^  miles  long, 
with  an  acreage  of  1,121  acres  when  full,  and  a  maximum 
depth  of  84  ft.  Compensation  water  to  the  river  below  has 
to  be  provided  for  at  the  rate  of  10,000,000  galls,  per  day, 
and  40,000,000  galls,  upon  four  days  in  each  of  the  months 
between  March  and  October  inclusive.  The  size  of  the 
masonry  dam  is  as  follows  :  Width  of  base,  outside  toes, 
117.75  ft.  :  height  from  base  to  top  of  overflow,  128  ft.  ; 
maximum  depth  from  top  of  dam  to  bottom  of  lake,  84  ft.  ; 
area  of  typical  section,  8,972  sq.  ft.  ;  weight  per  lineal 
foot,  645  tons  ;  its  specific  gravity,  2.57  ;  maximum  press- 
ure on  inner  toe,  8.7  tons  per  sq.  ft.  ;  on  outer  toe,  2.26 
tons  per  sq.  ft.  The  total  length  of  dam  is  1,173  ft.  The 
aqueduct  commences  at  the  straining  tower  in  the  middle 
of  the  lake,  a  culvert  2,295  ft.  long  passing  under  the  bed 
of  the  lake  ;  it  then  enters  the  Hirnant  tunnel,  2.375  miles 


the  bed  of  the  river,  the  force  of  the  water  in  the  mains 
would  force  open  the  valves  and  scour  a  bed  for  the  pipes, 
the  valves  then  to  close  automatically.  The  pipes  were 
laid  across  the  river  about  six  weeks  ago  in  a  very  clever 
manner.  The  pipe  line  of  800  ft.  was  laid  zigzag  in  a 
trench,  a  block  of  wood  being  under  each  joint,  and  rid- 
ing on  the  ways  ;  along  each  side  of  the  pipes  was  a  wire 
rope  secured  to  the  extreme  end  of  the  pipes,  and  passing 
over  to  the  Cheshire  side  of  the  river,  where  they  were  at- 
tached to  a  steam  winch.  Eight  boats  were  moored  at  in- 
tervals across  the  river  to  guide  the  pipes  as  they  were 
being  drawn  across  ;  a  number  of  horses  were  also  at- 
tached, and,  with  the  united  forces  of  the  steam  winch 
and  the  horses,  the  pipes  were  successfully  pulled  across 
the  river  in  27'^  minutes.  Unfortunately,  the  valves  under 
the  pipes  have  become  deranged  with  the  dragging  across 
the  banks,  and  will  not  close  ;  some  of  the  flexible  joints 
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long.  The  pipes,  42^  in.  in  diameter,  then  pass  under- 
ground for  about  7  miles,  except  when  crossing  a  stream, 
and  then  discharge  the  water  into  the  Pare  Uchaf  balanc- 
ing reservoir.  They  then  pass  another  6  miles  under- 
ground, and  enter  the  Cynyerion  tunnel,  0.875  ^^^  in 
length,  and  passing  the  narrow  Morda  Valley,  enter  the 
Llanforda  tunnel,  a  mile  in  length,  and  discharge  into  the 
Oswestry  reservoir,  having  a  capacity  of  46,112,000  galls. 
The  water  passes  through  the  filter  beds  to  the  clear  water 
reservoir,  whence  it  flows  for  17  miles  underground  to 
Malpas— except  when  crossing  the  Wych  Brook,  with  nine 
arches — into  the  balancing  reservoir.  The  pipes  then 
proceed  for  another  11  miles  underground  to  theCotebrook 
balancing  reservoir,  and  thence  to  Norton,  1 1  miles  away. 
The  hill  being  below  the  hydraulic  gradient  a  tower  has 
been  built  in  place  of  a  balancing  reservoir.  In  this  last 
length  the  pipes  pass  under  the  River  Weaver  and  two 
main  railroad  lines.  The  next  length,  from  Norton  Tower 
to  Prescot,  is  9.25  miles  long,  and  has  to  pass  under  the 
Manchester  Ship  Canal  and  the  River  Mersey. 

This  crossing  urtder  the  Mersey  has  been  a  source  of 
trouble  both  to  the  engineer  and  the  contractor,  on  ac- 
count of  the  treacherous  nature  of  the  sub-strata,  and  has 
been  the  cause  of  litigation  between  the  contractor  and 
the  Corporation,  the  case  being  now  heard  before  Sir  John 
Coode  as  arbitrator.  On  account  of  the  great  delay  in  the 
construction  of  the  tunnel  which  was  to  contain  the  mains, 
it  was  decided  to  put  a  temporary  pipe  line  across  the  bed 
of  the  river,  the  necessary  leave  having  been  obtained  from 
the  Board  of  Trade.  The  pipe  consists  of  fifty  lengths  of 
12-in.  steel  tubes,  making  a  total  length  of  800  ft.  The 
joints  of  the  pipes  are  flexible,  and  are  constructed  as 
shown  in  fig.  i.  In  addition  to  the  flexible  joints,  Mr. 
Deacon,  the  Corporation  engineer,  devised  some  special 
valves,  which  were  attached  to  the  under  side  of  the  pipes, 
with  the  intention  that,  as  the  pipes  were  being  laid  across 


are  leaking,  and,  with  the  pressure  nearly  full  on,  about 
75  per  cent,  of  the  water  which  should  be  filling  the  Pres- 
cot reservoir  is  flowing  into  the  River  Mersey.     It  is  stat- 
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ed,  however,  that  the  leaks  were  expected,  and  will  close 
up  in  time,  and  meanwhile  divers  are  at  work  upon  them 
to  hasten  the  desired  result. 


A  NEW  FLYING  MAQHINE. 


The  accompanying  sketch,  which  is  taken  from  r Illus- 
tration, of  Paris,  shows  a  flying  machine  which  has  been 
built  recently  by  M.  Acjer,  the  famous  French  electrician 
and  inventor.  Some  time  ago  M.  Ader  became  convinced 
that  the  true  secret  of  successful  aerial  navigation  lay  in 
imitating  the  flight  of  the  larger  birds,  such  as  the  vulture 
and  the  eagle.     With  this  in  view  he  took  all  f>ossible  op- 
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portunities  of  studying  the  motions  of  such  birds,  even 
going  so  far  as  to  spend  several  weeks  at  Constantine  and 
Sidi-M'  Sid,  in  Algeria,  where  large  vultures  abound. 

The  result  of  his  observations  is  embodied  in  the 
machine  which  is  shown  in  the  sketch.  The  wings  are  of 
silk  stretched  over  alight  framework,  are  as  nearly  as  pos- 
sible of  the  same  form  as  those  of  a  large  vulture,  and  have 
an  extreme  spread  of  54  ft.  The  car  or  carriage,  .which 
takes  the  place  of  the  body  of  the  bird,  carries  the  "motor 
and  the  man  who  is  to  direct  the  movements  of  the  ma- 
chine. It  has  in  front  a  large  screw  which  is  relied  on 
to  direct  the  machine  and  propel  it  through  the  air.  The 
wings  have  a  Happing  motion,  to  be  used  when  rising  ; 
this  and  the  revolution  of  the  screw  are  produced  by  the 
motor  carried  in  the  car. 

It  is  impossible  to  give  a  better  description,  as  M.  Ader 
will  not  make  public  the  details  until  his  experiments  are 
concluded.  The  motive  power  is  understood  to  be  elec- 
tricity, but  what  motor  is  used  and  whether  storage  bat- 
teries or  other  appliances  are  carried  is  known  only  to  M. 
Ader  and  his  assistants.  It  is  known,  however,  that  with 
this  machine  he  has  risen  to  a  height  of   50  or  60  ft.,  and 


such  angles  and  moving  with  such  velocities  that  it  is 
always  exactly  sustained  in  horizontal  flight,  the  more  the 
velocity  is  augmented  the  greater  is  the  torce  necessary  to 
diminish  the  sustaining  power.  It  follows  that  there  will 
be  increasing  economy  of  force  for  each  augmentation  of 
velocity  up  to  a  certain  limit,  which  the  experiments  have 
not  yet  determined.  This  assertion,  which  I  make  here 
with  the  brevity  necessary  in  this  resumi\  calls  for  a  more 
ample  demonstration,  and  receives  it  in  the  memoir  that  I 
have  mentioned. 

The  experiments  which  I  have  made  during  the  last  four 
years  have  been  executed  with  an  apparatus  having  revolv- 
ing arms,  about  20  meters  in  diameter,  put  in  movement 
by  a  lo-H.P.  steam-engine.    They  are   chiefly  as  follows  : 

1.  To  compare  the  move.nents  of  planes  or  systems  of 
planes,  the  weights,  surface,  form,  and  variable  arrange- 
ments, the  whole  being  always  in  a  horizontal  position, 
but  disposed  in  such  a  manner  that  it  could  fall  freely. 

2.  To  determine  the  work  necessary  to  move  such  planes 
or  systems  of  planes,  when  they  are  inclined,  and  possess 
velocities  sulhcient  for  them  to  be  sustained  by  the  reac- 
tion of  the  a'r  in  a'l  the  conditions  of  free  horizontal  flight. 


THE    ADER    FLYING    MACHINE. 


has  made  flights  of  1,000  and    1,200  ft.  in   horizontal  dis- 
tance so  successfully  as  to  encourage  him  to  continue  ex 
periments. 

In  this  matter  M.  Ader  agrees  with  some  other  investiga- 
tors in  believing  that  success  in  aerialnavigation,  if  it  comes 
at  all,  will  not  come  from  the  development  of  the  balloon, 
but  from  the  flying  machine.  The  balloon  can  be  relied 
on  for  lifting  power  only,  and  all  attempts  to  direct  its 
flight  have  been  so  far  without  the  success  which  is  needed 
to  make  it  available. 


EXPERIMENTAL    RESEARCHES    ON  MECHANI- 
CAL FLIGHT. 


(Translated  from  a  coninmnication  by  Professor  S.  P.  I.anRlcy,  i>f  the  Smith- 
sonian institution,  to  the  Paiis  Academic  dcs  Sciences.) 


I  HAVE  been  carrying  out  some  researches  intimately 
connected  with  the  subject  of  mechanical  flight,  the  re- 
sults of  which  appear  to  me  to  be  worthy  of  attention. 
They  will  be  published  shortly  in  detail  in  a  memoir. 
Meanwhile  I  wish  to  state  the  principal  conclusions 
reached. 

In  this  memoir  I  do  not  pretend  to  develop  an  art  of 
mechanical  flight  ;  but  I  demonstrate  that,  with  motors 
having  the  same  weights  as  those  actually  constructed, 
we  possess  at  present  the  necessary  force  for  sustaining, 
with  very  rapid  motion,  heavy  bodies  in  the  air  ;  for  ex- 
ample, inclined  planes  more  than  a  thousand  times  denser 
than  the  medium  in  which  they  move. 

Further,  from  the  point  of  view  of  these  experiments, 
and  also  of  the  theory  underlying  them,  it  appears  to  be 

<lemonstrated    that   if,  in   an  ai-rial   movement,  we  have  a 
plane  of  determined  dimensions  and  weight,  inclined  at 


3.  To  examine  the  motions  of  aerostats  provided  with 
their  own  motors,  and  various  other  analogous  questions 
that  I  shall  not  mention  here. 

As  a  specific  example  of  the  first  category  of  experiments 
which  have  been  carried  out,  let  us  take  a  horizontal  plane, 
loaded  (by  its  own  weight)  with  464  grams,  having  a 
length  of  o.c)i4  meter,  a  width  of  0.102  meter,  a  thickness 
of  2  mm.,  and  a  density  about  1900  times  greater  than 
that  of  the  surrounding  air,  acted  on  in  the  direction  of  its 
length  by  a  horizontal  force,  but  able  to  fall  freely. 

The  first  line  below  gives  the  horizontal  velocities  in 
meters  per  second  ;  the  second  the  time  that  the  body  took 
to  fall  in  air  from  a  constant  height  of  1.22  meters,  the 
time  of  fall  in  a  vacuum  being  o  50  second. 


5ni.,    icni.,    15m.,    9ont. 


Horizontal  velocities     urn. 

I'ime    takea    to     fall     from    a  1 

constiiut       height       of      i.aa   }•  0.53s.,  o.6is.,  0.75s..  i.oss.,  2.00s. 

meters      J 

When  the  experiment  is  made  under  the  best  conditions 
it  is  striking,  because,  the  plane  having  no  inclination, 
there  is  no  vertical  component  of  apparent  pressure  to 
prolong  the  time  of  fall  ;  and  yet,  although  the  specific 
gravity  is  in  this  more  than  1,900  times  that  of  the  air,  and 
although  the  body  is  quite  free  to  fall,  it  descends  very 
slowly,  as  if  its  weight  were  diminished  a  great  number  of 
times.  What  is  more,  the  increase  in  the  time  of  fall  is 
even  greater  than  the  acceleration  of  the  lateral  move- 
ment. 

The  same  plane,  under  the  same  conditions,  except  that 
it  was  moved  in  the  direction  of  its  length,  gave  analogous 
but  much  more  marked  results  ;  and  some  observations 
of  the  same  kind  have  been  made  in  numerous  experiments 
with  Other  planes,  and  under  more  varied  conditions. 

From  that  which  precedes,  the  general  conclusion  may 
be  deduced  that  the  time  of  fall  of  a  given  body  in  air, 
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whatever  may  be  its  weight,  may  be  indefinitely  prolonged 
by  lateral  motion,  and  this  result  indicates  the  account 
that  ought  to  be  taken  of  the  inertia  of  air,  in  aerial  loco- 
motion, a  property  which,  if  it  has  not  been  neglected  in 
this  case,  has  certainly  not  received  up  to  the  present  the 
attention  that  is  due  to  it.  By  this  (and  also  in  conse- 
quence of  that  which  follows)  we  have  established  the 
necessity  of  examining  more  attentively  the  practical  pos- 
sibility of  an  art  very  admissible  in  theory — that  of  caus- 
ing heavy  and  conveniently  disposed  bodies  to  slide  or,  if 
I  may  say  so,  to  travel  in  air. 

In  order  to  indicate  by  another  specific  example  the 
nature  of  the  data  obtained  in  the  second  category  of  my 
experiments,  I  will  cite  the  results  found  with  the  same 
plane,  but  carrying  a  weight  of  500  grams— that  is,  5,380 
grams  per  square  meter,  inclined  at  different  angles,  and 
moving  in  the  direction  of  its  length.  It  is  entirely  free  to 
rise  under  the  pressure  of  the  air,  as  in  the  first  example 
it  was  free  to  fall  ;  but  when  it  has  left  its  support,  the 
velocity  is  regulated  in  such  a  manner  that  it  will  always 
be  subjected  to  a  horizontal  motion. 

The  first  column  of  the  following  table  gives  the  angle  a 
with  the  horizon  ;  the  second  the  corresponding  velocity 
V Qi  planement — that  is,  the  velocity  which  is  exactly  suffi- 
cient to  sustain  the  plane  in  horizontal  movement,  when 
the  reaction  of  the  air  causes  it  to  rise  from  its  support  ; 
the  third  column  indicates  in  grams  the  resistances  to  the 
movement  forward  for  the  corresponding  velocities — a  re- 
sistance that  is  shown  by  a  dynamometer.  These  three 
columns  only  contain  the  data  of  the  same  experiment. 
The  fourth  column  shows  the  product  of  the  values  indi- 
cated in  the  second  and  third — that  is  to  say,  the  work  T, 
in  kilogram-meters  per  second,  which  has  overcome  the 
resistance.  Finally,  the  fifth  column  P  designates  the 
weight  in  kilograms  of  a  system  of  such  planes  that  a 
i-H.P.  engine  ought  to  cause  to  advance  horizontally  with 
the  velocity  V  and  at  the  angle  of  inclination  a. 
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As  to  the  values  given  in  the  last  column,  it  is  necessary 
to  add  that  my  experiments  demonstrate  that,  in  rapid 
flight,  one  may  suppose  such  planes  to  have  very  small  in- 
terstices, without  diminishing  sensibly  the  power  of  sup- 
port of  any  of  them. 

It  is  also  necessary  to  remark  that  the  considerable 
weights  given  here  to  the  planes  have  only  the  object  of 
facilitating  the  quantitative  experiments.  I  have  found  that 
surfaces  approximately  plane,  and  weighing  ten  times 
less,  are  sufficiently  strong  to  be  employed  in  flight,  such 
as  has  been  actually  obtained,  so  that  in  the  last  case  more 
than  85  kilograms  are  disposable  for  motors  and  other  ac- 
cessories. As  a  matter  of  fact,  complete  motors  weighing 
less  than  5  kilograms  per  H.P.  have  recently  been  con- 
structed. 

Although  I  have  made  use  of  planes  for  my  quantitative 
experiments,  I  do  not  regard  this  form  of  surface  as  that 
which  gives  the  best  results.  I  think,  therefore,  that  the 
weights  I  have  given  in  the  last  column  may  be  considered 
as  less  than  those  that  could  be  transported  with  the  cor- 
responding velocities,  if  in  free  flight  one  is  able  to  guide 
the  movement  in  such  a  manner  as  to  assure  horizontal 
locomotion — an  essential  condition  to  the  economical  em- 
ployment of  the  power  at  our  disposal. 

The  execution  of  these  conditions,  as  of  those  that  im- 
pose the  practical  necessity  of  ascending  and  descending 
with  safety,  belongs  more  to  the  art  of  which  I  have  spoken 
than  to  my  subject. 

The  points  that  I  have  endeavored  to  demonstrate  in  the 
memoir  in  question  are  : 

I.  That  the  force  requisite  to  sustain  inclined  planes  in 
horizontal  aerial  locomotion  diminishes,  instead  of  increas- 
ing, when  the  velocity  is  augmented  ;  and  that  up  to  very 
High  velocities — a  proposition  the  complete  experimental 


demonstration  of  which  will  be  given  in  my  memoir  ;  but 
I  hope  that  its  apparent  improbability  will  be  diminished 
by  the  examination  of  the  preceding  examples. 

2.  That  the  work  necessary  to  sustain  in  high  velocity 
the  weights  of  an  apparatus  composed  of  planes  and  a 
motor  may  be  produced  by  motors  so  light  as  those  that 
have  actually  been  constructed,  provided  that  care  is  taken 
to  conveniently  direct  the  apparatus  in  free  flight ;  with 
other  conclusions*of  an  analogous  character. 

I  hope  soon  to  have  the  honor  of  submitting  a  more 
complete  account  of  the  experiments  to  the  Academy. 
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References  have  heretofore  been  made  to  various 
works  for  the  improvement  of  water  communication  in 
Germany,  and  to  the  attention  which  is  being  paid  in  that 
country  to  the  inland  waterways  generally.  One  of  the 
more  important  works  of  this  kind  is  now  in  progress  in  the 
Oder-Spree  Canal,  concerning  which  a  tew  preliminary 
statements  may  be  of  interest. 

The  old  Margravate  of  Brandenburg,  the  original 
nucleus  from  which  grew  up  the  kingdom  of  Prussia,  is  a 
wide  and  generally  level  plain,  lying  between  the  Elbe 
and  the  Oder  and  intersected  by  the  Havel,  the  Spree  and 
their  tributaries  ;  it  also  contains  several  small  lakes. 
These  rivers  are  not  generally  of  sufficient  size  to  be 
navigable.  There  are  already  in  existence  old  canals 
uniting  the  Oder  and  the  Elbe,  but  these  do  not  approach 
Berlin  and  are  not  of  sufficient  size  to  carry  the  boats  in 
use  on  either  of  the  great  rivers.  The  new  canal  is  part 
of  a  system  which  is  intended  to  reach  all  points  of  im- 
portance in  Brandenburg,  and  to  permit  the  passage  of  the 
boats  which  have  been  in  use  on  the  Elbe  since  the  regu- 
lating and  deepening  of  that  river  was  completed. 

The  Lower  Oder,  below  the  confluence  of  the  Neisse, 
can  now  carry  for  the  greater  part  of  the  year  the  boats 
in  use  on  the  Elbe.  A  plan  for  the  canalization  of  the 
Upper  Oder  is  now  under  consideration  and  will  probably 
be  carried  out.  The  object  of  the  Oder-Spree  Canal  is  to 
furnish  a  line  connecting  the  Oder  and  the  Elbe,  which 
will  also  reach  the  city  of  Berlin. 

The  new  canal  leaves  the  Oder  at  Fiirstemburg,  passes 
under  the  Berlin-Breslau  Railroad,  and  then  by  a  series 
of  three  locks  reaches  a  level  43.5  ft.  above  the  Oder. 
This  level  is  22.6  miles  in  length,  and  includes  7.1  miles 
of  the  old  Frederick-William  Canal,  which  has  been  en- 
larged and  deepened.  This  level  extends  to  Lake  Kersdorf, 
from  which  the  channel  descends  by  a  single  lock  into  the 
Spree.  That  river  has  been  deepened  and  straightened 
for  a  distance  of  9.3  miles,  to  Fiirstenwalde,  where  there  is 
another  lock.  Below  this  the  channel  follows  the  Spree  for 
2,.']  milas  to  a  sixth  lock,  where  the  canal  leaves  the  river 
and  enters  a  level  of  entirely  new  construction,  16.3  miles 
in  length  ;  a  supply  of  water  for  this  level  is  secured  by 
damming  the  Spree  below  the  junction  lock.  This  level 
ends  in  Lake  Wernsdorf,  and  a  descent  i'*  made  by  a  sev- 
enth and  last  lock  into  the  Dahme,  a  tributary  of  the 
Spree.  The  Dahme,  with  the  necessary  regulation,  serves 
as  the  bed  of  the  canal  until  it  reaches'the  Spree  again  at 
Copenick,  from  which  point  that  river  has  already  been 
made  navigable  to  Berlin. 

The  total  fall  from  the  summit  level  to  Copenick  is 
29.4  ft.,  which  is  made  in  four  locks.  The  total  number 
of  locks  is  seven,  as  already  noted  ;  two  of  these,  at 
Fiirstemburg  and  Wernsdorff,  have  a  fall  of  16.2  ft.  each, 
the  elevation  of  the  others  being  less. 

The  total  length  of  the  canal  is  54.7  miles,  which  in- 
cludes 34.7  piiles  of  entirely  new  construction,  7.1  miles 
of  the  old  Frederick-William  Canal  enlarged,  and  12.9 
miles  of  regulated  river  channels. 

The  canal  is  made  throughout  45.9  ft.  wide  at  the  bot- 
tom and  76  ft.  at  water  level,  for  a  depth  of  6.56  ft.,  the 
great  inclination  of  the  banks  being  adopted  on  account 
of  the  nature  of  the  soil,  which  is  generally  a  very  fine 
sand.     For  a  considerable  part  of  its  length  the  banks  are 

protected  from  wash  by  rip-rapping.    While  the  dimen- 
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sions  given  above  are  the  minimum,  they  are  exceeded  at 
several  points  as  required  by  local  circumstances. 

The  locks  have  been  made  to  admit  of  the  passage  of 
the  average  sized  boats  in  use  on  the  Elbe,  which  are 
172.5  ft.  long,  23  ft.  wide,  and  draw  5.7  ft.  of  water  when 


shovels  are  used,  and  in  many  places  the  earth  excavated 
is  deposited  alongside  of  the  canal,  thus  saving  transpor- 
tation. 

The  masonry  is  generally  of  brick,  set  in  cement.     The 
locks  are  founded  on  beton  worked  in  on  a  sub-floor  of 


^"^-r^^ 

*   ^  ^ 


CONCRETE   SEWER    AT    MOUNT   VERNON,    N.    Y. 


loaded.  The  locks  are  180  ft.  long,  28.2  ft.  wide  at  the 
gates  and  31.5  ft.  at  the  center,  and  carry  8.2  ft.  depth  of 
water.  It  is  proposed,  however,  to  enlarge  the  canal 
hereafter  to  take  in  the  largest  class  of  boats  in  use  on  the 
Elbe.  In  that  case  a  second  lock,  220  ft.  long,  will  be 
built  alongside  each  of  the  existing  ones,  and  the  minimum 
section  of  the  canal  will  be  increased  to  53.1  ft.  width  at 
bottom  and  89.2  ft.  at  water-level,  with  a  depth  of  water 
of  8  2  ft. 

The  bridges  over  the  canal  are  all  built  so  as  to  give 
two  clear  openings  of  32.8  ft.  each,  and  the  minimum 
height  is  11.5  ft.  above  the  water-level. 

The  masonry  works  include  the  seven  locks  ;  two 
double-track  railroad  bridges  ;  a  road  bridge  in  the  marshes 
of  the  Oder  ;  a  bridge  at  Fiirstcmburg  carrying  a  highway 
road  and  a  steam  tramway  ;  16  highway  bridges,  each 
14.8  ft.  in  width  ;  a  bridge  and  automatic  guard-gate  in- 
tended to  close  the  canal  in  case  of  a  break  in  the  banks  ; 
two  other  guard-gates  and  a  number  of  culverts  and 
smaller  works. 

A  large  pan  of.the  water  supply  will  come  from  subter- 
ranean springs,  which  filter  through  the  banks  or  bottom. 


In  addition  to  this  the  summit  level  can  be  fed  from  the 
Schlaube,  which  carries  a  considerable  volume  of  water. 
Should  this  prove  insufficient  at  any  time,  it  will  be  neces- 
sary to  pump  up  water  from  the  Spree  at  Neuhaus. 

The  total  amount  of  excavation  required  is  about  6,530,- 
000  cub.  yds.  Part  of  this  is  done  by  dredges,  but  the 
larger  part  is  excavated  dry.     Wherever  possible  steam- 


plank  set  on  piles.     The  gates  at  the  upper  ends  of  all  the 

locks  are  of  iron  and  are  worked  by  capstans  ;  these  will 

hereafter  be  replaced  by  hydraulic  apparatus.     The  lower 

gates  are  of  wood,  and  move  around  horizontal  axes.     In 

filling  the  lock  water  is  introduced   from  below,  as  shown 

in  fig.  I,  by  channels  a  a  a  a  made  in  the  masonry,  and 

closed  by  valves  b  b  b  b  sti  in  the  openings  and   balanced 

so  that  they  can  be  easily  opened.     The  locks  are  emptied 

by  lateral  channels,  also  made  in  the  masonry  and  closed 

by  valves. 

At  latest  accounts  the  canal  was  very  nearly  completed. 

The  expectation  was  that  it  would  be  opened  by  the  close 

of  1890,  but  some  delays  have  occurred.     A  large  part  of 

the  canal  is  in  use,  however,  and  the  whole  will  soon  be 

opened, 

^ 

BUILDING  A  CONCRETE  SEWER. 


(Paper  by  Mr.  William  Worthen.  before  the  .American  Society  of  Civil 

Engineers.) 


In  laying  out  the  main  outlet  sewer  at  Mt,  Vernon, 
N.  Y.,  it  was  found  that  a  large  portion  of  the  line  must 
be  eicavated  through  rock,  and  I  decided  that  for  econom- 
ical-reasons the  sewer  should  consist  of  a  concrete  chan- 
nel, constructed  in  situ,  with  an  arch  covering  in  stone. 
In  this  way  all  the  rock  saved  from  the  trench  was  valu- 
able for  the  macadamizing  of  streets,  no  earth  was  neces- 
sary for  filling  over  the  arch,  which  would  have  been  need- 
ed if  cement  or  vitrified  sewer  pipe  had  been  laid,  and  this 
earth  involved  long  haul.  In  addition,  such  a  cross-section 
could  be  secured  that  a  man  could  readily  pass  through 
the  sewer,  a  convenience  in  cleaning,  and  a  saving  in  the 
number  of  manholes.  It  was  not  supposed  that  at  Mt. 
Vernon  the  sewer  would  be  used  as  a  subway  for  electric 
wires,  gas  or  water  pipes,  but  it  could  be  readily  arranged 
for  such  purposes. 

Figs  I  and  2  show  sections  of  the  sewer  and  the  general 
form  of  construction  ;  only  the  minimum  of  rock  excava- 
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tion  was  required,  sufficient  in  all  cases  to  give  a  few 
inches  in  thickness  of  concrete.  The  invert  is  a  section  of 
vitritied  pipe,  such  as  is  sold  for  such  purposes  ;  this  is 
bedded  in  cement  mortar  on  the  rock  or  on  concrete  to  a 
true  line  and  grade  ;  on  this  is  placed  the  invert  center,  fig. 
I,  and  concrete  of  Rosendale  cement-mixed  i  cement,  2 
sand,  and  4  ^f  broken  rock  not  larger  than  2  in.,  is  rammed 
around  its  sides.  After  the  concrete  has  set,  the  invert 
center  is  removed  and  the  face  of  the  cement  is  struck 
with  a  thin  coat,  say  }4  J**-  thick,  of  Portland  cement  well 
troweled  on,  a  plumb  ^,  fig.  2,  of  which  the  base  fits  the 
opening  of  the  channel,  is  placed  within  it  so  as  to  be  cen- 
tral and  vertical.  In  this  plumb  are  a  number  of  holes, 
which  are  centers  for  describing  the  arch,  and  the  centers 
used  are  those  best  suited  to  the  rock  excavation.  In  this 
case  the  radius  of  the  arch  was  invariably  2  ft.,  and  this 
radius,  either  by  a  string  or  rod,  was  applied  at  different 
centers,  till  one  was  found  best  adapted  to  the  rock  cut. 


Under  this  bid  the  100  new  guns  will  be  furnished  by 
the  Bethlehem  Company  as  follows  : 

S-im.  Guns:  Time.  Price. 

Type  gun 730  days.  $41,416.50 

34  service  guns 3i433     "  4'3i9'7-20 

$455.33370 

\o-in.  Guns  : 

Type  gun 88«    "  $73,755-58 

49service  guns 3,407    "  1,751,631.42 

.1,825,387.00 

12-in.  Gums  : 

Type  gun 1,094     "  $106,568.72 

34  service  guns 3i«94     "  i.307.357-38 

1,413,926.00 


Total  amount  of  contract. 


$3,6^4.646-70 


The  delivery  of  the  service  guns  is  to  be  made  at  regular 
intervals  after  that  of  the  type  gun  in  each  case,  the  time 
given  in  ihc  table  being  that  specified  for  the  completion 


THE  SIMS-EDISON   TORPEDO. 


In  general  the  arches  were  laid  horizontal  and  the  same 
center  in  the  plumb  used  for  a  convenient  length  or  sec- 
tion ;  after  that  another  center  might  be  taken  with  a  ver- 
tical offset,  but  if  more  convenient,  the  arches  might  be 
laid  on  an  incline,  so  that  in  some  places  the  sewer  would 
be  6  ft.  to  7  ft.  high.  The  practice  was  to  arrange  for  the 
skewbacks  first  and  then  set  the  usual  centers  of  about  3 
ft.  wide  and  complete  the  arch  from  stone  from  10  in.  thick 
and  upward,  taken  from  the  cut  and  laid  in  cement.  The 
upper  surface  of  the  arch  was  kept  as  high  as  the  rock  cut 
and  the  proper  depth  below  the  grade  of  the  street  would 
admit. 

This  construction  applied  only  to  the  main  outlet  sewer, 
in  which  there  was  no  spur  for  house  connections  ;  all  the 
other  sewers  were  of  vitrified  pipe  of  various  diameters 
from  8  to  18  in.,  the  minimum  being  8  in.  All  the  house 
connections  were  6  in.  in  diameter.  By  the  provisions  of 
the  contract  there  was  to  be  a  capped  J.  pipe  next  to  the 
bend  from  the  spur.  The  idea  was  to  obtain  ready  access 
for  the  removal  of  obstacles  in  either  the  main  sewer  or 
its  branches.  To  simplify  this,  the  bend,  fig.  3,  was  adopt- 
ed, which  was  the  first  connection  with  the  spur  on  the 
main  line.  The  oblong  hole  gives  a  ready  and  short  reach 
to  both  the  main  line  and  to  the  house  connections.  After 
the  cover  is  put  on  with  earth  packing,  the  trench  is  filled 
in,  and  access  can  be  got  only  by  digging  down.  The 
usual  depth  of  mains  is  9  ft  to  invert,  and  the  distances 
between  spurs,  25  ft.  on  each  side. 

In  manholes  where  the  lateral  sewer  came  in  on  a  level 
considerably  above  that  of  the  main  sewer,  I  put  a  J-  on 
the  line  of  the  lateral  and  just  inside  of  the  wall  of  the 
manhole  with  the  upper  end  open,  so  that  the  flow  of  the 
lateral  was  readily  seen,  and  the  other  end  was  extended 
down  with  an  elbow  at  the  bottom  to  the  level  of  the  main 
sewer. 


CONTRACTS   FOR   NEW  GUNS. 


The  Acting  Secretary  of  War  on  August  10  approved 
the  recommendation  of  the  Board  of  Ordnance  and  Forti- 
fication that  the  contract  for  100  high-power,  breech-load- 
ing, rifled  steel  guns  be  given  to  the  Bethlehem  Iron  Com- 
pany, Bethlehem,  Pa.  The  award  is  made  under  Schedule 
E,  the  lowest  of  five  bids  submitted  by  that  company  ;  the 
difference  in  prices  was  considerable,  and  the  difference 
in  time  also. 


of  the  last  gun.  The  price  per  service  gun  is  :  8-Jn.,  $17,- 
246.5s  each  ;  lo-in.,  135,747.58  each  ;  12-in.,  $54,473.22 
each. 

The  Bethlehem  Company  has  now  a  very  fine  plant  for 
making  the  heavy  steel  forgings  required  for  these  guns, 
and  will  doubtless  be  able  to  furnish  them  in  excellent 

shape. 

♦ 

THE  UNITED  STATES  NAVY. 


The  2,000-ton  cruiser  now  under  construction  at  the 
Union  Iron  Works,  Baltimore,  will  be  named  North  Point. 
Tf  is  ship  comes  under  the  same  class  as  the  Concord,  ves- 
sels in  which  are  required  to  receive  the  names  of  battles, 
and  the  name  just  given  is  intended  to  commemorate  the 
fight  at  North  Point,  near  Baltimore,  in  the  War  of  1812. 

The  practice-ship  is  not  yet  named,  but  it  has  been  pro- 
posed to  call  her  George  Bancroft,  in  memory  of  the  emi- 
nent historian,  who  was  also  the  Secretary  of  the  Navy 
under  whose  charge  the  Naval  School  at  Annapolis  was 
established. 

Cruiser  No.  12  has  not  yet  been  named,  and  no  title  has 
been  suggested  for  her  beyond  that  of  the  Pirate,  which 
has  already  been  attached  to  her  as  a  popular  nickname. 

TORPEDO  TRIALS. 

A  trial  of  the  Sims-Edison  torpedo  was  held  at  Willet's 
Point  near  New  York,  August  12,  the  object  being  to  test 
the  steering  qualities  chiefly.  The  float  "of  the  torpedo 
was  28  ft.  long  and  the  torpedo  itself  ^  ft.  long  and  26  in. 
in  diameter.  The  official  report  has  not  been  published, 
but  it  is  understood  that  the  trial  was  very  successful. 
It  lasted  about  4^  hours,  and  at  a  distance  of  about  two 
miles  the  torpedo  was  entirely  under  control,  turning  in  a 
radius  of  250  ft.  and  going  through  various  evolutions. 

The  engine  registered  250  revolutions,  and  the  dynamo 
reached  400  revolutions.  The  capacity  of  the  dynamo  is 
1,800  volts  and  30  amperes,  of  which  only  1.300  volts  and 
23  amperes  were  used.  The  power  absorbed  by  the  pro- 
pelling and  steering  apparatus  registered  32  H.P. 

The  accompanying  sketch  shows  a  Sims-Edison  torpedo. 
The  body  of  the  torpedo  is  shown  in  section.  In  operation 
the  connections  are  made  by  wires  from  the  shore  dynamo. 
The  only  parts  of  the  apparatus  above  water  are  the  edge  of 
the  float  A  A  and  the  two  small  signals  B  B,  by  which 
the  operator  on  shore  is  enabled  to  follow  the  progress  of 
the  torpedo. 
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NEW    CONTRACTS. 

The  Secretary  of  the  Navy  has  decided  to  award  the 
contract  for  Cruiser  No.  13  to  the  William  Cramp  &  Sons 
Ship  &  Engine  Building  Company,  of  Philadelphia,  for 
$2,690,000,  that  amount  being  $55,000  below  the  Com- 
pany's first  bid.  The  reasons  given  for  this  award  were 
that,  while  the  bid  of  the  Bath  Iron  Works  was  the  lowest, 
that  Company  could  not  complete  the  ship  as  soon  as  the 
Cramp  yards  ;  moreover,  the  Cramp  Company  was  already 
building  Cruiser  No.  12,  which  is  almost  exactly  the  same 
ship  as  No.  13,  and  would  thus  have  an  advantage  in  time, 
having  already  a  large  number  of  patterns,  etc.,  which 
couM  be  used  on  the  second  ship. 


A  LOCOMOTIVE  FOR  SUBURBAN  SERVICE. 


The  engraving  given  herewith  is  from  a  photograph  of 
one  of  several  new  locomotives  built  by  the  Schenectady 
Locomotive  Works  for  the  New  York  Central  &  Hudson 
River  Railroad.  They  were  designed  by  Mr.  William 
Buchanan,  Superintendent  of  Motive  Power  of  that  road, 
for  the  suburban  trains  out  of  New  York.  The  work 
on  these  trains  is  very  heavy,  owing  to  the  numerous 
stops  required,  and  the  necessity  of  making  quick  time 
and  frequent  runs.  The  extent  of  this  service  and  the 
necessity  for  making  time  will  be  appreciated  when  it  is 
staled  that  from  3  p.m.  to  7  p.m.  a  train  leaves  the  Grand 
Central  Station  in  New  York  every  five  minutes,  on  an 
average,  on  the  Hudson  River  and  Harlem  divisions  of  the 
road,  while  if  the  trains  of  the  New  York,  New  Haven  & 
Hartford,  which  also  use  the  Grand  Central  Station,  are 
added,  the  average  headway  is  reduced  to  about  three 
minutes. 

This  engine,  it  will  be  seen,  is  of  the  Hudson  double- 
ender  type,  having  a  two-wheeled  truck  forward,  six 
coupled  driving  wheels  under  the  boiler,  and  a  six-wheeled 
truck  under  the  tank  ;  the  latter  is  carried  on  an  extension 
of  the  frames.    The  rear  driving-axle  is  under  the  fire-box. 

The  boiler  is  of  the  wagon-top  type,  and  is  built  for 
a  working  pressure  of  180  lbs.  The  barrel  is  56  in. 
in  diameter.  The  barrel  and  outside  fire-box  are  of 
5-in.  steel  ;  the  circumferential  seams  are  double  riv- 
eted, and  the  horizontal  seams  are  quadruple  riveted, 
with  welt  strips  inside.  There  are  254  iron  tubes 
2  in.  in  diameter  and  ii  ft.  long.  The  fire-box  is 
io8,»,y  in.  long  inside,  42I  in.  wide,  64J  in.  deep  at  the 
front  end,  and  54I  in.  at  the  back.  The  fire-box  plates 
are  of  i^-in.  steel,  except  the  crown-sheet,  which  is  ^  in. 
and  the  tube-sheet  i  in.  The  water  space  around  the 
fire-box  is  4  in.  in  front,  3  in.  at  the  back  and  sides.  The 
crown-sheet  is  stayed  by  crown-bars  5  x  |  in.  in  size  and 
welded  at  the  ends  in  pairs.  The  grate,  for  anthracite 
coal,  is  of  water-tubes,  with  the  necessary  pull-out  and 
shaking  bars.  The  grate  area  is  31.9  sq.  ft.  ;  the  heating 
surface  is  :  Fire-box,  144.9  sq.  ft.  ;  tubes,  1,451.8  sq.  ft.  ; 
total,  1,596.7  sq.  ft.  The  smoke-stack  is  15  in.  inside 
diameter,  and  its  top  is  14  ft.  6  in.  above  the  rail.  The 
exhaust  nozzles  are  double,  and  are  3I  in.  in  diameter. 

The  tank,  which  is  carried  on  an  extension  of  the  frame 
as  shown,  has  a  capacity  of  2,300  galls,  of  water.  The 
coal-box  will  hold  2f  tons  of  anthracite  coal. 

The  cylinders  are  18  in.  in  diameter  and  22  in.  stroke. 
The  pistons  are  5  in.  thick,  and  the  packing  is  the  ordi- 
nary brass  ring  babbited  and  held  out  by  springs.  The 
piston-rods  are  3}  in.  in  diameter.  The  steam  ports  are 
16  X  ij  in.  ;  the  exhaust  ports  16  x  2^  in.  The  valve 
motion  is  the  ordinary  link  ;  the  valves  are  the  Richard- 
son balanced,  and  have  f  in.  outside  lap  and  3^  in.  inside 
lap.  The  greatest  travel  of  valve  is  5^  in.,  and  the  lead 
at  full  stroke  is  ^^  ii^-  Piston  rods  and  valve  stems  have 
the  U.  S.  metallic  packing. 

The  driving-wheels  are  64  in.  in  diameter  ;  the  driving- 
axle  journals  are  7i  x  9  in.  The  front  truck  is  a  two- 
wheeled  swinging  bolster  truck  ;  the  wheels  are  30  in.  in 
diameter,  and  the  axle  has  journals  5i  x  9  in.  The  back 
truck  is  a  six-wheeled  swinging  bolster  truck,  with  30-in. 
wheels  ;  the  axles  have  4i  X  8  in.  journals.  The  main 
crank-pins  are  4^^  X  4i  in.  ;  the  intermediate  crank-pin 


5  X  5  in.,  and  the  front  and  back  crank-pins  4^  X  3i  '"• 
The  parallel  rods  have  solid  ends  and  bushings.  The 
driving-springs  are  40  in.  between  centers  of  hangers, 
and  those  of  the  main  and  back  drivers  are  hung  under 
the  engine  frame.  The  arrangement  of  the  springs  on  the 
six-wheeled  truck  is  shown  by  the  engraving. 

The  transverse  distance  between  the  centers  of  cylin- 
ders is  7  ft.  The  main  connecting  rod  is  7  ft.  4i  in.  be- 
tween centers.  The  total  wheel-base  of  this  engine  is  35 
ft.  7  in.  The  rigid  wheel-base,  which  is  also  the  driving- 
wheel  base.  IS  12  ft.  gin.  The  total  wheel-base  of  the 
drivers  and  front  truck  is  20  ft.  4  in.  The  total  weij;ht  of 
the  engine  ready  for  service,  with  tank  lull,  but  without 
coal,  is  163,500  lbs.,  of  which  16.000  lbs.  are  carried  on 
the  front  truck,  95.000  lbs.  on  the  drivers,  and  52,500  lbs. 
on  the  back  truck.  The  weight  on  the  drivers  is  thus 
15,833  lbs.  per  wheel. 

Three  of  these  engines  have  been  in  service  for  a  short 
time,  and  have  shown  themselves  so  far  very  well  adapted 
to  their  work. 


NOTES   ON    COMBUSTION. 


By  C.  Chomienne,  Engineer. 


(C0ntinued /rotn  fag*  360.) 


FIRE-BOXES. 

Having  considered  the  different  (jualities  of  coal,  we 
now  proceed  to  study  the  phenomena  of  combustion,  and 
to  analyze  what  happens  in  the  ordinary  Gre-box  ol  a  boiler. 

When  air  passes  through  a  layer  ot  ignited  coal,  its 
oxygen  takes  up  carbon  in  different  degrees  according  to 
the  period  of  contact.  This  period,  for  the  same  layer  of 
coal,  depends  upon  the  speed  with  which  the  air  passes 
through  it.  The  stronger  the  draft,  the  less  time  of  con- 
tact and  the  less  carbon  is  absorbed  by  the  oxygen. 

As  the  layer  of  coal  upon  the  grate  is  never  entirely 
homogeneous,  each  particle  of  air  passes  through  it  under 
different  conditions  of  contact,  ind  the  composition  of  the 
resultant  gases  will  vary  from  point  to  point.  We  find 
oxygen,  carbonic  oxide,  carbonic  acid  and  finally  nitrogen, 
and  to  these  gases  are  added  the  hydrocarbons  resulting 
from  distillation  when  the  fire  is  charged  with  fresh  coal. 
Let  us  see  what  is  the  theoretical  (juaniity  of  air  necessary 
for  the  combustion  of  i  kg.  of  carbon. 

In  100  parts  by  weight  of  carbonic  acid  there  will  be 

27.273  of  carbon  and  72  727  of  oxygen.     The  (juantity  of 

oxygen  necessary  to  the  combustion   of  i   kg.  of  carbon 

will  be 

27.273     1       , 

J. — '-y=i  -    whence 

72.727     x' 

x=J^^^  =  2.GGe  kg. 
27.273  * 

The  weight  cf  one  cubic  meter  of  air  at  o"  (cent.)  being 
r.3  kg.,  a  cubic  meter  ot  oxygen  at  the  same  temperature 
will  weigh  1.1054  X  1.3  =  1.437  kg.,  and  the  volume  of 
2.666  kg.  of  oxygen  will  be  : 

r.437     2.666 

I.OOO~      X      ' 

2.666 

x= =1.855  cubic  meters. 

1.437 

Since  100  volumes  of  air  include  21  of  oxygen  and  79  of 
nitrogen,  the  c|uaiitity  of  air  necessary  to  the  combustion 
of  r  kg.  of  carbon  will  be  : 

0.21     1.855 
i.o  ~     X 

I  8cc 
x  =  -^—- =8.800  cub.  meters. 
0.21 

Applying  the  same  calculation  we  find  that  26.600  cub. 

meters  of  air  will  be  required  to  burn  1  kg.  of  hydrogen. 

I  If  we  take  a  gas  coal  having  82  parts  of  carbon  and  5.4  of 
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hydrogen  per  100,  to  have  a  theoretically  complete  com- 
bustion, we  will  require  for 

Carbon ...«<>4,, .  ..o.SaoX  8.800=7.334  cub.  m. 

Hydrogen ...V 0.054X26.600=1.436    "      " 

Total 8.671)  cub.  ni. 

It  is  not  possible  to  fix  absolutely  the  quantity  of  air  nec- 
essary to  combustion,  which  varies  with  the  (|uality  of  the 
fuel.  We  can,  nevertheless,  say  that  to  burn  i  kg.  of  coal 
of  average  quality,  it  will  be  theoretically  necessary  to  sup- 
ply about  8  cub.  m.  of  air. 

If  we  use  only  the  quantity  of  air  strictly  necessary,  it 
will  require  special  conditions  of  combustion  which  are 
impossible  to  realize  in  practice.  It  would  be  necessary, 
in  the  first  place,  to  have  the  coal  in  small  pieces,  all  ex- 
actly of  the  same  size,  leaving  a  great  number  of  passages 
through  the  burning  mass  in  order  to  permit  the  air  to  pass 
through  uniformly  and  to  give  up  all  its  oxygen  ;  but  in 
practice  the  coal  is  in  pieces  of  very  unequal  size,  leaving 
consecjuently  unequal  and  variable  intervals.  The  layer 
of  coal  is  of  unequal  thickness  and  the  slag  more  or  less 
porous. 

If  the  air  passages  are  not  increased  so  as  to  admit  a 
greater  quantity  of  air  than  is  absolutely  necessary  for 
combustion,  a  part  of  the  carbon,  instead  of  being  com- 
pletely oxidized  and  passing  into  the  state  of  carbonic  acid, 
is  only  partially  burned  and  is  transformed  into  carbonic 
oxide,  and  we  know  that  these  combustions  produce  widely 
different  heating  effects.  The  combustion  of  the  same 
body  is  accompanied  by  the  disengagement  of  very  differ- 
ent (juantities  of  heat  according  to  the  amount  of  oxygen 
with  which  it  combines  in  the  different  cases.  In  tact,  i 
kg.  of  carbon  in  passing  into  the  state  of  oxide  has  pro- 
duced experimentally  2,473  calorics  or  units  of  heat.  Now 
we  know  that  i  kg.  of  carbon  and  8  kgs.  of  oxygen  will 
produce  14  kg.  of  carbonic  oxide.  In  consequence,  i  kg. 
of  carbon  will  produce  14  -^  6  =  2.333  kg.  of  CO,  and  as 
I  kg.  of  CO  transformed  into  CO3  develops  2,403  calorics, 
the  2.333  ^S-  o^  CO  changed  into  COs  will  give  2.333  X 
2,403  =  5,607  calorics.  Consecjuently  the  total  number  of 
units  of  heat  developed  by  the  combustion  of  i  kg.  of  car- 
bon will  be  2,473  +  5.607  =  8.080. 

This  would  show  that  i  kg.  of  carbon  transformed  directly 
into  carbonic  acid  disengages  the  same  quantity  of  heat 
as  if  it  were  first  transformed  into  carbonic  oxide  and  then 
into  carbonic  acid. 

There  is  then  a  very  great  advantage  in  transforming  all 
the  carbon  into  carbonic  acid,  since  under  these  condi- 
tions it  develops  8,080  units  of  heat,  while  transformed  into 
carbonic  acid,  which  develops  only  2,473,  or  less  than 
one-third.  If  an  insutficient  supply  of  air  is  injurious  to 
complete  combustion  of  the  elements  of  the  coal,  on  the 
other  hand,  an  excessive  supply  of  air  has  the  incon- 
venience of  increasing  the  quantity  of  hot  gases  which  are 
thrown  out  from  the  smoke-stack,  which  increases  the  loss 
of  heat  by  the  chimney,  a  loss  which  can  increase  to  a 
much  greater  degree  than  the  gain  made  by  obtaining  a 
more  complete  combustion. 

Experience  has  shown,  and  it  has  been  generally  admit- 
ted in  practice,  with  ordinary  fire-boxes  of  steam  boilers, 
that  in  order  to  reduce  to  a  minimum  the  sum  of  the  losses 
by  incomplete  combustion  and  by  the  chimney  it  is  gen- 
erally necessary  to  admit  to  the  grate  almost  double  the 
(juantity  of  air  theoretically  necessary,  because  the  oxygen 
being  disseminated  in  the  air,  will  not  be  completely  ab- 
sorbed in  its  passage  through  the  burning  coal. 

The  volumes  which  pass  through  the  grate  are  also  very 
variable,  according  to  the  moment  of  combustion.  Thus 
when  fresh  coal  is  thrown  upon  the  burning  mass  there  is 
a  rapid  disengagement  of  gas  which  fills  at  once  all  the 
openings.  The  passage  of  air  is  partly  interrupted,  but  it 
resumes  its  rapidity  as  fast  as  the  smoke  disappears  and 
the  coal  is  transformed  into  coke. 

Some  experiments  on  this  head  are  reported  by  Mr. 
Combes,  who  states  that  he  passed  through  the  ash-box 
5.340  cub.  m.  of  air,  and  as  the  disengagement  of  smoke 
diminished  the  quantity  of  ajr  entering  increased  until  it 
was  19  cub.  m.,  when  the  coal  was  transformed  into  coke  ; 
that  is,  when  it  had  parted  with  its  gases. 
The  current  of  air  is  then  entirely  insufficient  during  the 


moments  following  the  charge  of  the  furnace  with  coal 
and  is  too  great  at  other  times,  but  what  we  wish  to  pro- 
duce is  directly  the  opposite.  There  should  be  more  air 
at  the  moment  of  the  disengagement  of  smoke  and  less 
when  that  has  ceased.  The  best  method  of  remedying 
this  is  to  burn  the  coal  very  carefully,  firing  in  such  a 
way  that  the  production  of  gas  may  be  as  nearly  constant 
as  possible.  This  result  may  be  obtained  by  firing  fre- 
([uently  and  with  small  tjuantities  of  coal  from  the  front 
of  the  grate  where  the  temperature  is  higher.  The  coal 
then  gives  up  its  gases  slowly  and  they  burn  as  soon  as 
produced,  and  when  it  is  almost  transformed  into  coke,  it 
can  be  pushed  forward  in  the  fire-box  where  the  combus- 
tion is  completed.  This  careful  method,  however,  is 
hardly  possible  except  with  the  rich  or  oily  coals,  the  use 
of  which  in  boilers  is  becoming  less  and  less  general.  It 
is  for  this  purpose  that  we  use  the  dead-plate,  the  invention 
of  which  is  attributed  to  Watt,  which  is  placed  between 
or  at  the  end  of  the  grate  bars,  and  is  a  plate  upon  which 
coal  is  placed  for  distillation.  The  dead-plate  was  formerly 
made  much  larger  than  it  is  now,  when  it  has  been  re- 
duced in  size  and  is  practically  only  used  for  the  purpose 
of  making  a  division  between  the  fire  and  the  front  plate 
of  the  fire-box. 

When  we  use  dry  coals,  which  is  the  most  frequent 
case,  the  coal  can  be  thrown  on  uniformly  over  the  whole 
grate.  For  a  fire-box  burning,  say,  100  kg.  an  hour,  it 
would  be  sufficient  to  fire  about  once  in  12  minutes,  put- 
ting in  20  kgs.  at  a  time,  and  this  work  would  not  be  ex- 
cessively fatiguing  for  the  firemen.  With  a  large  fire-box 
burning,  say,  200  kg.  an  hour,  and  supplied  with  two  doors, 
the  charges  could  be  made  alternately  at  either  door  and 
at  intervals  of  about  six  minutes. 

As  the  grate  becomes  loaded  with  slag,  the  air  passes 
through  with  some  difficulty ;  especially  if  the  slag  is  porous, 
the  fuel  burns  imperfectly  and  the  smoke-stack  throws  out 
black  smoke  with  colorless  carbonic  oxide.  In  this  case  it 
becomes  necessary  to  open  the  air  passages  in  such  a  way 
as  to  make  up  for  the  insufficient  supply  by  the  increased 
draft. 

If  we  use  a  harder  coal  with  less  flame,  we  avoid  the  in- 
convenience of  this  irregular  supply  of  air,  because  this 
fuel  will  not  form  slag  and  will  not  give  out  much  gas. 

According  to  certain  experimenters,  the  chemical  com- 
binations in  the  fire-box  are  more  complete  as  the  draft  is 
stronger,  but  with  the  essential  condition  that  the  layer  of 
coal  on  the  grate  should  be  in  relation  to  the  activity  of  the 
draft.  If  the  fire  is  too  thin,  much  air  will  pass  through 
without  giving  up  its  oxygen,  the  tubes  or  flues  will  be 
cooled  and  heat  will  be  carried  off.  With  a  strong  draft 
it  is,  then,  advantageous  to  burn  the  coal  in  a  thicker  layer. 

According  to  Messrs.  Thomas  and  Laurens,  carbonic 
oxide  is  only  formed  when  the  combustion  is  slow  ;  that 
is,  when  the  draft  is  weak. ,  Their  observations  have  been 
confirmed  by  the  recent  experiments  of  M.  Scheurer-Kest- 
ner,  of  Mulhouse,  who  has  found  that  with  a  supply  of  air 
more  than  50  per  cent,  in  excess  of  the  theoretical  quan- 
tity, there  is  still  some  formation  of  carbonic  oxide,  and 
when  the  excess  of  air  is  only  from  6  to  7  per  cent.,  this 
proportion  is  enormous  and  can  be  increased,  as  we  will 
see  below,  to  6  per  cent. 

Forced  draft  suits  very  well  hard  coals  with  little  flame, 
especially  when  we  use  this  coal  as  it  comes  without  screen- 
ing. When  it  is  fine  it  should  be  mixed  with  coal  tar  or 
some  similar  material,  in  order  to  furnish  the  gaseous  ele- 
ment which  is  wanting. 

M.  Poupardin  has  recently  published  an  account  of  some 
experiments  which  he  has  made  on  the  use  of  heated  air 
beneath  the  grates,  and  he  has  succeeded  in  proving  that 
there  is  an  economy  in  this  which  varies  from  5  to  7  per 
cent.  This  air  is  heated  by  means  of  the  hot  gases  pass- 
ing into  the  smoke-stack,  and  its  temperature  can  be  raised 
to  50°  Cent.  With  heated  air,  the  tubes  are  not  cooled  to 
the  same  degree,  and  we  obtain  a  shorter  and  whiter  flame. 
At  the  same  time  the  production  of  smoke  is  very  much 
diminished. 

ANALYSIS   OF  THE   PRODUCTS   OF   COMBUSTION. 

The  analysis  of  the  gases  given  out  by  a  chimney  shows 
that  the  composition  of  the  gaseous  products  of  combustion 
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varies  very  greatly,  as  the  smoke  is  lighter  or  darker.  The 
materials  composing  this  smoke  are  carbonic  acid,  oxygen, 
carbonic  oxide,  hydrogen,  nitrogen,  and  lastly  solid  carbon 
in  a  very  finely  divided  state,  held  in  suspension  in  steam 
and  the  other  gases.  The  quantity  of  water  formed  can  be 
estimated  as  follows  :  If  we  take  coal  having  82  parts  of 
carbon,  5.4  hydrogen  and  12.6  of  oxygen  in  100,  the  produc- 
tion of  the  combustion  of  this  coal  in  water  will  be 
(8  X  5-4)  +  5.4  =  48.6  kg. 

Each  unit  of  weight  of  hydrogen,  in  fact,  combines  during 
combustion  with  8  units  of  oxygen  in  order  to  form  9  units 
ot  water  in  weight.  This  figure  of  48,6  kg.  represents 
about  80  cub.  m.  of  steam  at  a  pressure  of  0.76  and  at  100° 
Cent. 

As  to  the  black  carbon  which  is  thrown  out  by  the  chim- 
ney, it  is  found  without  doubt  chiefly  in  solution  in  the 
hydrogen  and  mixes  up  in  the  immense  quantity  of  steam 
which  we  have  just  estimated.  It  is  deposited  as  soon  as 
the  temperature  of  the  smoke  is  sensibly  lowered,  which 
explains  the  fact  that  we  find  it  only  in  the  passages  beyond 
ihe  boiler  and  near  the  chimney.  If  we  use  a  strong  draft, 
it  is  carried  through  and  is  deposited  beyond  the  chimney, 
on  neighboring  surfaces. 

In  order  that  the  results  of  the  analysis  of  the  gases  may 
be  exact,  it  is  necessary,  as  M.  Scheurer-Kestner  has 
shown  : 

1.  That  the  gases  be  taken  as  far  as  possible  from  the 
fire-box  in  order  that  the  mixture,  which  is  very  different 
when  it  leaves  the  fire-box,  may  be  as  homogeneous  as  pos- 
sible. It  has  been  observed  that  in  taking  the  gases  in  the 
fire-box  wc  find  a  quantity  of  carbonic  oxide  much  greater 
than  that  which  exists  in  the  same  gases  when  they  have 
cooled  somewhat. 

2.  The  gases  must  be  taken  at  uniform  intervals  during 
a  considerable  time.  This  is  simply  saying  that  to  take 
the  gases  out  irregularly  and  for  a  short  time  only  has  no 
value  whatever  when  we  seek  to  determine  the  average 
composition. 

We  give  below  experiments  made  on  a  boiler  with  three 
flues  with  cylindrical  reheaters.  The  principal  dimensions 
areas  follows:  Length  of  boiler,  6.60  m.;  diameter,  1.20 
m.;  heating  surface,  12  sq.  m.;  diameter  of  flues,  o  50  m.; 
heating  surface  of  flues,  28  sq.  m. ;  total  heating  surface, 
40  sq.  m.;  length  of  the  superheaters,  7.90  m.;  diameter, 
0.50  m.;  surface,  71  sq.  m.;  length  of  the  grate,  1.28  m.; 
width  of  the  grate,  1.40  m.;  space  between  grate  bars  8 
mm.;  total  surface  of  the^  grate,  without  dead-plates, 
1.79  sq.  m.,  of  which  1.28  sq.  m.  are  occupied  by  the  grate 
bars  themselves  and  0.51  sq.  m.  by  the  air  spaces  between 
them. 

The  coal  used  had  the  following  composition  :  Cinders, 
21  ;  carbon,  70  ;  hydrogen,  4  ;  oxygen,  4  ;  nitrogen,  I.  in 
100  parts,  and  the  quantity  of  air  theoretically  necessary  to 
burn  I  kg.  was  7.145  cub.  m.  The  gases  were  taken  at 
the  end  of  the  boiler  in  order  to  avoid  any  mixture  of  ex- 
terior air.  The  results  of  these  analyses  are  given  in  the 
accompanying  table  : 


than  the  quantity  fheoretically  necessary  to  complete  com- 
bustion—6.86  and  6.50  cub.  m.  instead  of  7.I4S«. 

These  experiments  have  established  the  following  facts  : 

1.  Among  the  gaseous  products  of  combustion,  even 
when  there  has  been  always  an  excess  of  oxygen,  we 
always  find  combustible  gases,  carbonic  oxide,  hydro- 
carborns  and  free  hydrogen. 

2.  In  varying  the  draft  and  consequently  the  admission 
of  air  to  the  grate,  the  loss  with  the  coal  used  may  vary 
from  6  to  18  per  cent,  with  8  to  9  cub.  m.  of  air  per  kilo- 
gram of  coal  ;  4  to  6  per  cent,  with  10  to  12  cub.  m.,  and 
1.5  per  cent,  with  15  cub.  m. 

The  average  of  the  tests  made  gives  the  following  as 
the  division  of  the  units  of  heat  developed  : 

Calorics  in  the  steam  produced ...;,  °. ;'.';.;... 63.6 

*'        carried  into  the  chimney  by  the  gases 5.1 

"        lost  by  incomplete  combustion  of  gases 4.9  \ 

*'        lust  in  the  soot  deposited 0.4  f 

"        of  the  steam  carried  off  in  the  smoke     3.0 

"         not  recovered ,...^... 23.0 

Total  heat  from  the  coal 100.0 

These  results  have  been  obtained  under  exceptional  cir- 
cumstances, and  with  good  firemen.  We  learn  from  them 
what  may  be  the  loss  in  ordinary  working  when  probably 
the  boiler  is  not  placell  in  the  best  way,  when  the  fireman 
is  ignorant  and  left  to  himself.  We  see  that  the  loss  by 
incomplete  combustion  of  gases  is  5.3 — that  is,  8.3  per 
cent,  of  the  useful  heat.  We  may  estimate  that  this  loss 
will  generally  exceed  15  per  cent.,  that  it  often  reaches  20 
per  cent.,  and  that  it  is  never  less  than  10  per  cent.,  if  the 
coal  is  not  anthracite. 

The  loss  of  23  per  cent,  in  units  of  heat  not  found  was 
reduced  to  17  per  cent,  with  English  coal,  giving  very  lit- 
tle smoke  and  only  traces  of  combustible  gases.  Even 
when  reduced  to  17  per  cent.,  however,  the  loss  is  still 
great,  and  considering  all  the  facts  recorded,  we  can  only 
attribute  it  to  the  radiation  of  heat  to  the  masonry  walls  of 
the  fire-box.  Boilers  with  interior  fire-boxes,  like  marine 
boilers,  show  some  loss  by  cooling  and  radiation  from  the 
outside  surfaces,  but  it  is  much  less  considerable  than 
with  the  ordinary  cylindrical  boiler  set  in  masonry. 

(to  be  continued.) 


A  BIT  OF  LOCOMOTIVE  HISTORY. 


The  accompanying  engravings  and  the  description 
below  have  been  sent  us  by  Mr.  Clement  E.  Stretton  of 
Leicester,  England,  and  are  taken  from  an  article  pub- 
lished by  him  in  the  London  Invention.  The  first  is  from 
a  photograph — believed  to  be  the  only  one  now  in  exist- 
ence— of  the  locomotive  Earl  of  Air  lie.  No.  i,  which  is 
described  as  follows  :  "  This  engine  was  built  by  Car- 
michael  &  Company,  of  Dundee,  Sootland,  and  commenced 
work  upon  the  Dundee  &  Newtyle  Railroad,  September, 
1833,  and  during  the  same  month  the  Lord  Wharnclifft^ 
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eter  placed  in  front,  and  a  four-wheeled  bogie,  the  cylin- 
ders being  vertical,  11  in.  in  diameter,  and  the  stroke  18 
in.  Weight  of  engine  in  working  order  without  tender, 
9  tons  10  cwts. ;  cost  of  engine  without  tender,  £700; 
gauge  of  railway,  4  ft.  6  in. 

"  The  Earl  of  Airlie  appears  to  have  worked  satisfac- 


engravings  of  the  Stourbridge  Lion*  will  at  once  see  that 
the  Agenoria  was  of  almost  identical  design.  It  is  inter- 
esting to  know  that  this  early  specimen  of  locomotive  con- 
struction is  still  preserved  as  a  relic. 

^ 

THE   HATTERAS   LIGHTHOUSE. 
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torily  until  1850,  when  it  was  employed  to  pump  water  as 
a  stationary  engine.  In  1854  Mr.  Allan,  when  Locomo- 
tive Superintendent  of  the  Scottish  Central,  had  it  properly 
cleanecl,  painted  and  photographed,  and  it  is  from  this 
photograph  that  our  illustration  is  produced." 

The  general  design  of  the  engine,  with  the  truck,  with 
its  upright  cylinders  and  the  bell-crank  used  to  make  con- 
nection with  the  driving-wheels,  is  well  shown  in  the  cut. 

The  second  illustration  shows  a  still  older  engine,  which 
Mr.  Stretton  describes  as  follows  :  '*  Messrs 
Foster.  Rastrick  &  Company,  in  1829.  con- 
structed an  engine  at  their  works,  Stour- 
bridge, for  the  Shutt  End  Railroad,  which 
extends  from  the  Earl  of  Dudley's  Colliery 
at  Kingswinford  to  the  Staffordshire  & 
Worcestershire  Canal  ;  this  locomotive  was 
named  Agenoria,  and  opened  the  line  on 
Tuesday,  June  2,  1829. 

"  This  engine  has  upright  cylinders  work- 
ing half-beams,  thus  reducing  the  stroke  of 
the  pistons  to  the  cranks.  The  cylinders  are 
7^  in.  diameter,  with  a  stroke  of  3  ft.  There 
is  a  parallel  motion  to  the  piston-rod,  and 
the  feed-pump  is  worked  from  one  of  the 
half-beams.  The  fire-grate  is  within  a  large 
tubular  boiler,  branching  into  two  tubes, 
with  the  chimney  at  the  end  of  the  boiler, 
the  barrel  of  the  boiler  being  10  ft.  long 
and  4  ft.  diameter.  The  eccentrics  for  driv- 
ing the  slide  valves  are  loose  upon  the  axle, 
with  a  clutch  to  drive  either  way,  and  there 
is  hand-gear  to  the  valves  to  cause  the  axle 
to  turn  half  round  to  bring  the  required 
backward  or  forward  clutch  into  action.  The 
exhaust  steam  is  discharged  into  the  chim- 
ney, which,  it  may  be  mentioned,  is  of 
unusual  height.  Agenoria  continued  in 
regular  work  for  fully  30  years,  and  is 
now  preserved  in  the  South  Kensington 
Museum." 

It  will  be  observed  that  the  Agenoria  must 
have  been  built  immediately  before  or  after  the  Stourbridge 
Lion,  which  the  late  Horatio  Allen  bought  from  Foster, 
Rastrick  &  Company  in  1829,  for  the  Delaware  &  Hudson 
Canal  Company,  and  which  was  the  first  engine  run  in 
this  country.  Very  probably  the  two  were  in  the  shop 
about  the  same  time.     Those  who  have  seen  drawings  or 


The  great  caisson  which  was  to  serve  as 
the  foundation  for  the  lighthouse  on  Dia- 
mond Shoal,  off  Cape  Hatteras,  was  towed 
into  position  successfully  on  July  1.  Opera- 
tions for  sinking  were  begun,  with  fair  pros- 
pects of  success,  but  on  July  8  a  severe  storm 
came  up  and  the  caisson  was  overturned 
into  deeper  water.  When  the  storm  was 
over  it  was  found  that  the  great  cylinder  was 
in  such  a  position  that  its  recovery  was  prac- 
tically impossible,  and  the  contractors,  An- 
derson &  Barr,  have  decided  to  build  a  new 
one.  The  loss  was  partly  due  to  the  fact 
that  the  water  over  the  shoal  was  deeper 
than  had  been  expected,  and  the  foundation 
looked  for  was  not  found.  The  sandy  bottom 
at  that  point  is  constantly  shifting,  and  the 
depth  of  water  was  from  22  to  25  ft.,  where 
only  about  10  or  12  ft.  had  been  shown  by 
previous  surveys. 

The  caisson  lost  was  a  steel  cylinder  54 
ft.  in  diameter  and  50  ft.  long.     It  was  built 
at  Norfolk  and  towed  to  the  spot  where  it 
was  to  be  sunk.     The  work  of  getting'it  into 
position   was   accomplished  with  less   diffi- 
culty than  had  been  expected. 
The  contractors  will  build  a  new  caisson  and  resume  the 
work  as  soon  as  possible.    This  will  take  some  time,  how- 
ever, especially  as  it  will  be  impossible  to  place  the  cais- 
son   during    the  fall    or  winter,   owing  to    the  constant 
stormy  weather  and  heavy  seas  along  the  coast. 

Once  in  position,  the  caisson  is  to  be  filled  in  with  con- 
crete and  surrounded  by  riprap.  The  lighthouse  will  be 
built  on  top  of  it  when  the  foundation  is  hnished.  Owing 
to  the  constant  interruption  by  stormy  weather,  it  is  im- 


LOCOMOTIVE    "AGENORIA."    BUILT    IN    1829, 

possible  to  say  when  the  lighthouse  will  be  completed,  but 
the  new  caisson  cannot  be  finished  and  put  in  place  before 
next  summer,  so  that  at  least  one  year's  delay  has  resulted 
from  the  accident. 

♦  S?e  the  Railroad  and  ENGiNEERimi  Joubnaj.  for  February.  1890,  page 
85, 
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THE    MORANDE    BRIDGE    OVER    THE    RHONE. 


The  accompanying  illustration,  fig.  i,  which  is  taken 
from  Le  Genie  Civil,  shows  the  new  Morande  Bridge 
over  the  Rhone  at  Lyons,  France.  The  bridge  is  an  arch 
bridge  of  three  spans  resting  on  two  abutments  and  two 
piers  of  granite  masonry.  The  piers  are  built  upon  cais- 
sons sunk  by  the  compressed  air  process,  the  foundations 


were  simple  trusses  entirely  of  oak,  and  rested  on  piers 
composed  of  groups  of  oak  piles  driven  into  the  bed  of  the 
river,  which  is  chiefly  gravel.  This  bridge  had  stood 
over  100  years,  but  its  width,  only  42  ft.  in  all,  and  its 
sharp  grades  were  a  serious  obstruction  to  travel,  and  it 
had  at  last  begun  to  show  signs  of  weakness.  Its  numer- 
ous piers,  moreover,  and  the  rip-rap  used  to  protect  them, 
constituted  an  impediment  to  the  boats  navigating  the 


Fig.  I. 
THE  MORANDE  BRIDGE;,0VER-  THEj  RHONE. 


being  about  45  ft.  below  low  water.     The  arches  at  the 
center  hav«  a  clear  height  of  26  ft.  above  high  water. 

Each  span  is  composed  of  eight  iron  trusses,  spaced  8.5 
ft.  between  centers,  except  the  two  outside  trusses,  which 
are  10.8  ft.  from  the  adjoining  inside  truss.  The  total 
width  of  the  bridge  is  65.6  ft.,  divided  into  a  roadway  36 
ft.  in  width  and  two  sidewalks,  each  14.8  ft.  wide.  The 
central  arch  has  a  span  of  221  ft.,  a  rise  of  14.6  ft.,  and  a 
radius  of  426.8  ft.;  the  two  side  arches  have  each  a  span 
of  210  ft.,  a  rise  of  13  ft.,  and  a  radius  of  418.5  ft.     The 


river  and  an  obstruction  to  the  free  passage  of  the  water 
in  times  of  flood.  The  bridge,  nevertheless,  had  done 
good  service  and  had  a  long  life  for  a  wooden  structure.  ^ 


THE  "WHALE-BACK"  STEAMER. 


The  "  whale-back"  steamer  Charles  W.  Wetmore, 
built  by  the  American  Barge  Company,  at  Duluth,  Minn., 
has  succeeded  in  making  a  voyage  across  the  Atlantic  and 


Fig.  2. 


division  of  the  total  space  between  the  arches  was  calcu- 
lated in  such  a  way  as  to  equalize  the  pressure  on  the  piers 
at  an  average  temperature  and  the  strains  on  the  adjoin- 
ing arches.  The  profile  of  the  bridge  roadway  is  an  arc 
of  a  circle  of  17,075  ft.  radius,  and  the  grade  at  the  point 
where  it  meets  the  quay  on  either  side  is  0.2  per  cent. 
The  arch  trusses  rest  at  either  end  upon  inclined  bed- 
plates of  iron,  placed  on  suitable  beds  on  pier  or  abutment. 

The  bridge  carries  one  of  the  chief  avenues  of  the  city, 
on  which  there  is  a  large  traffic,  including  many  heavy 
wagons.  The  water  and  gas-pipes  are  suspended  beneath 
the  roadway. 

Fig.  2  shows  the  old  bridge  which  is  replaced  by  the 
new  structure.  This  bridge  was  built  by  the  Architect 
Morande  in  1774,  and  was  a  wooden  structure,  consisting 
of  17  spans,  varying  from  35  ft.  to  45  ft.    These  spans 


back  in  spite  of  some  unfavorable  predictions.  The  Wet- 
more,  after  a  trip  through  the  Lakes  and  down  the  St. 
Lawrence,  left  Montreal  with  90,000  bushels  of  grain  on 
board,  and  reached  Liverpool  after  a  voyage  of  15  days. 
No  attempt  at  speed  was  made,  and  the  total  consumption 
of  coal  was  only  230  tons.  From  Liverpool  she  sailed  to 
New  York,  and  is  now  loading  machinery  at  the  Conti- 
nental Iron  Works.  When  ready  she  will  sail  for  a  voy- 
age around  the  Horn  to  Tacoma,  Washington,  and  will 
then  probably  be  employed  on  the  Pacific  coast. 

The  Wetmore  is  very  similar  in  construction  to  the  Col- 
i^ate  Hoyt,  which  was  described  and  illustrated  in  the 
Journal  for  September,  1890,  page  427.  The  accom- 
panying illustration  we  have  reproduced  from  the  London 
Engineer  because  it  shows  very  well  the  general  form  and 
design  of  the  boat.     She  is  265  ft.  long,  38  ft.  beam  and 
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24  ft.  deep,  and  can  carry  3,000  tons  of  grain  on  164  ft. 
draft.  Arrangements  for  carrying  800  tons  of  water  as 
ballast  are  provided.     The  general  form  is  shown  by  the 


been  located  and  built  with  great  care,  and  has  no  grades 
over  21  ft.  to  the  mile,  making  it  an  excellent  freight  line. 
It  will  be  opened  by  May,  1892,  at  which  time  the  present 


THE    "WHALE-BACK"    STEAMER    "CHARLES   W.    WETMORE." 


cut  ;  there  is  no  deck  really,  and  three  turrets,  the  two 
after  ones  being  connected  by  a  platform  or  deck.  There 
is  a  collision  bulkhead  forward  and  another  bulkhead  in 
front  of  the  engine-room  aft,  the  space  between  the  two 
bulkheads  being  entirely  free  and  open  for  cargo. 

The  engine  of  the  Wetviore  is  a  compound,  with  cylin- 
ders 26  in.  and  50  in.  in  diameter  and  42  in.  stroke.  They 
have  worked  up  to  800  H.P.  Steam  is  furnished  by  two 
steel  boilers  11^  ft.  in  diameter  by  ii^  ft.  long,  which 
carry  a  working  pressure  of  125  lbs. 

On  the  lakes  these  whale-back  boats  have  done  well  in 
service  ;  they  are  economical  to  build  and  run,  and  carry 
very  large  cargoes.  Opinions  are  widely  divided  as  to 
their  merits  as  sea-going  boats,  and  the  question  can  be 
decided  only  by  experience.  Probably  they  can  never  be 
made  good  passenger  boats,  but  they  may  find  a  very  use- 
ful place  as  ocean  freight  carriers. 


SOME  CURRENT  NOTES. 


In  pig  iron  production,  according  to  the  tables  of  the 
American  Manufacturer,  there  is  a  continued  increase. 
On  August  I  there  were  302  furnaces  in  blast  with  a  weekly 
capacity  of  174.502  tons  ;  an  increase  of  five  furnaces  knd 
7,078  tons  capacity  over  July  i.  As  compared  with  August 
1,  1890,  there  is  a  decrease  of  19  in  the  number  of  fur- 
naces in  blast,  but  an  increase  of  10,435  tons  in  the  weekly 
capacity. 

The  gain  in  August  was  almost  entirely  in  the  bitumi- 
nous and  coke  furnaces,  the  anthracite  and  charcoal  fur- 
naces showing  but  little  change. 


On  the  Grazi-Tsaritsin  Railroad  in  Russia,  where  liquid 
fuel  is  used,  Mr.  Thomas  Urquhart  writes  to  the  London 
Railway  Engineer  that  on  the  freight  trains  the  average 
consumption,  by  careful  experiment,  has  been  0.04824  lb. 
per  ton-mile  of  gross  train,  including  engine  and  tender, 
or  0.0888  lb.  per  net  ton-mile  of  freight  carried.  On  pas- 
senger trains,  at  an  average  speed  of  25  miles  an  hour,  the 
consumption  was  0.0636  lb.  per  ton-mile  of  train,  includ- 
ing engine  and  tender.  The  fuel  used  is  petroleum  from 
the  Baku  wells. 

One  of  the  best  pieces  of  new  railroad  ever  opened  for 
traffic  in  this  country  will  be  the  Lehigh  Valley  line  from 
Waverly  to  Buffalo.     It  is  double  track  throughout,  has 


contract,  under  which  the  Lehigh  Valley  trains  run  from 
Waverly  to  Buffalo  over  the  Erie  tracks,  will  expire.  The 
line  could  be  brought  into  use  sooner,  but  the  road-bed 
will  then  have  passed  through  one  winter,  and  will  be  well 
settled,  and  an  opportunity  will  be  given  to  remedy  any 
defects.  The  Lehigh  Valley  now  has  41  locomotives  in 
service  on  the  Erie  tracks,  but  on  the  new  line  a  consider- 
able increase  in  traffic  can  be  handled  with  the  same  motive 
power.  The  Company  has  had  terminal  facilities  of  its 
own  in  Buffalo  for  some  years  ;  and  has  lately  built  shops 
there,  which  are  patterned-  after  the  well-arranged  shops 
at  Sayre. 

The  great  dam  across  the  Colorado  River  at  Austin, 
Tex.,  is  now  making  substantial  progress.  This  dam  will 
be,  when  completed,  1,150  ft.  long,  60  ft.  high,  and  18  ft. 
wide  at  the  top.  The  up-stream  face  is  of  limestone,  and  is 
vertical  ;  the  down-stream  face  is  of  Texas  granite,  and 
the  interior  is  rubble  masonry,  of  small  stone  and  cement. 
There  will  be  about  9.000  cub.  yds.  of  granite,  6,800  cub. 
yds.  of  limestone,  and  55,000  cub.  yds.  of  rubble  in  the 
dam.  The  estimated  cost  of  the  dam  itself  is  1465,000  ; 
to  this  is  to  be  added  that  of  the  gate-house,  the  canal 
which  is  to  convey  the  water  to  the  manufactures,  and 
other  auxiliary  works,  which  is  estimated  at  about  |8oo,ooo 
more. 

The  dam  is  intended  to  utilize  the  power  of  the  Colorado 
River.  The  water  power  will  run  the  electric  light  plant, 
furnish  power  for  electric  railroads,  and  for  pumping  the 
water-supply  of  the  city,  and  leave  a  surplus  of  some  13,000 
H.P.  for  the  use  of  factories.  It  is  about  two  miles  above 
the  city. of  Austin,  and  the  natural  conditions  are  very 
favorable,  as  the  river  there  runs  between  high  bluffs  and 
the  bed  is  of  rock,  so  that  very  little  excavation  is  required 
to  find  a  solid  foundation.  It  will  be  the  largest  power 
dam  yet  built  in  this  country. 


Another  large  dam  is  under  construction  in  Califor- 
nia, where  the  Bear  Valley  Irrigation  Company  has  under- 
taken to  form  a  large  reservoir  in  a  mountain  valley  or 
basin  known  as  the  Nuevo  Laguna.  The  dam  closing 
the  outlet  of  this  valley  will  be  of  earth  riprapped  on  the 
up-stream  face,  and  will  only  be  20  ft.  in  height  and  400 
ft.  long.  It  will  be  150  ft.  through  at  the  base,  and  will 
not  cost  over  $150,000.  In  addition  to  the  water  brought 
down  by  the  San  Jacinto,  the  surplus  waters  of  the  White- 
water and  Santa  Ana  rivers  can  be  turned  into  the  basin  ; 
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it  is  thought  also  that  an  additional  supply  can  be  had  by 
boring  artesian  wells.  The  supply  from  the  rivers,  as 
stored  by  the  dam,  will  be  sufficient,  according  to  the  com- 
pany's estimate,  to  irrigate  125,000  acres  of  land.  It  is 
expected  that  the  dam  will  be  completed  in  time  to  store 
the  supply  from  next  winter  s  rains. 


The  Rapid  Transit  Commission  in  New  York  has  recom- 
mended an  additional  underground  line,  to  diverge  from 
the  main  linealready  proposed  at  Union  Square  and  thence 
running  under  Madison  Avenue  to  96th  Street.  The  low 
ground  north  of  that  point  will  be  crossed  by  a  viaduct, 
on  private  property  100  ft.  from  the  avenue  to  134th  Street, 
where  the  Harlem  River  will  be  crossed  by  a  bridge  ;  north  | 
of  the  river  no  definite  line  is  laid  down.     Like  the  main  { 


The  boiler  is  of  the  wagon-top  pattern,  and  is  of  >^-in. 
steel,  the  barrel  being  54  in.  in  diameter  at  the  smoke-box 
end  ;  the  smoke-box  is  extended.  There  are  219  tubes 
2  in.  in  diameter  and  11  ft.  6  in.  long.  A  departure  from 
the  usual  practice  is  seen  in  the  fire-box,  which  is  of  cop- 
per, except  the  crown-sheet.  The  side  and  back  sheets 
are  Yz  in.  thick,  and  the  tube  sheet  |  in.  The  crown-sheet 
is  of  ^-in.  steel,  and  is  supported  by  crown-bars  in  the 
ordinary  way.  There  is  a  fire-brick  arch  supported  by 
water-tubes.  The  grate  is  of  water-tubes  with  interme- 
diate pulhng-bars.  The  fuel  used  will  be  Cardiff  coal  im- 
ported from  England,  which  is  in  general  use  on  the  Bra- 
zilian lines,  the  country  itself  producing  no  coal. 

As  will  be  seen  from  the  engraving,  the  high-pressure 
cylinder  is  placed  above  the  low-pressure.  The  valves  are 
piston  valves  of  the  Vauclain  pattern,  with  a  shifting-link 


FOUR-CYLINDER  COMPOUND   LOCOMOTIVE,   VAUCLAIN   PATTERN. 

BUILT   BY  THE    BALDWIN   LOCOMOTIVE   WORKS,   PHILADELPHIA. 


line  the  new  one  is  to  have  four  tracks,  both  in  the  tunnel 
and  on  the  viaduct,  and  the  motive  power  will  be  the  same. 
The  Commission's  engineers  have  nearly  completed  the 
surveys  and  plans  for  the  main  line  recommended  some 
time  ago.  As  heretofore  stated,  the  plans  are  for  four 
tracks  underground  from  the  Battery  to  Fort  George, 
above  High  Bridge.  From  that  point  to  Kingsbridge,  the 
northern  point  of  Manhattan  Island,  and  thence  to  the  city 
line  the  road  will  be  alternately  in  tunnel  and  on  viaduct, 
according  to  the  nature  of  the  surface,  which  is  very  un- 
even. 

The  United  States  Circuit  Court  in  New  York  has  given 
a  decision  sustaining  the  validity  of  the  Edison  patents  on 
incandescent  lights.  This  decision  practically  gives  Mr. 
Edison  a  monopoly  in  incandescent  lights.  The  case  will 
be  carried  up  to  the  Supreme  Court. 


A  FOUR-CYLINDER   COMPOUND  PASSENGER 

LOCOMOTIVE. 


The  accompanying  illustration,  which  is  from  a  photo- 
graph taken  in  the  shop,  shows  a  four-cylinder  compound 
locomotive  of  the  Vauclain  type,  built  by  the  Baldwin  Loco- 
motive Works,  in  Philadelphia,  for  passenger  service  on 
the  Central  Railroad  of  Brazil.  The  engine  is  of  the  ordi- 
nary eight-wheel,  or  American  pattern,  with  four  driving- 
wheels  coupled  and  a  four-wheeled  truck. 

The  road  is  of  5  ft.  3  in.  gauge.  The  high-pressure  cyl- 
inders are  ii^  in-  '^  diameter  and  the  low-pressure  cylin- 
ders 19  in.,  all  being  24  in.  stroke.  The  driving-wheels 
are  66  in.  in  diameter,  having  Krupp  steel  tires  2^  in. 
thick.  The  driving-wheel-base  is  8  ft.  6  in.,  and  the  total 
wheel-base  of  the  engine  is  23  ft.  oj  in.  The  total  weight 
in  working  order  is  92.000  lbs.,  of  which  60,000  lbs.  are 
carried  on  the  drivers  and  32,000  lbs.  on  the  truck. 


motion.  Both  piston-rods  are  connected  to  the  same  cross- 
head,  which  is  of  wrought  iron. 

The  driving-axles  are  of  Siemens-Martin  steel,  and  have 
journals  7J^  in.  in  diameter  and  8^  in.  long.  The  bear- 
ings are  of  phosphor-bronze. 

The  truck  is  a  swing-bolster  truck  with  four  30-in. 
wheels  ;  the  wheels  are  cast-iron  centers  with  steel  tires. 
The  axles  are  of  steel,  with  5  X  9-in.  journals. 

The  tender  is  carried  on  two  trucks,  each  having  four 
36-in.  chilled  wheels.  The  tender  frame  is  of  iron.  Both 
trucks  are  center-bearing,  and  have  iron  frames.  The 
axles  are  of  steel,  with  4  x  7-in.  journals.  The  tank  will 
hold  3.000  galls,  of  water.  The  weight  of  the  tender,  with 
a  full  load  of  water  and  coal,  is  66,000  lbs. 

It  may  be  noted  that  the  ratio„between  the  high-pressure 
and  low-pressure  cylinders  is  i  :  2.73. 

A  large  number  of  the  Vauclain  compound  locomotives 
are  now  in  progress  at  the  Baldwin  Works,  of  which  the 
engine  illustrated  is  one  of  the  best  examples. 


Foreign  Naval  Note.] 


In  a  recent  trial  in  France,  before  a  commission  of  Russian 
officers,  ten  rounds  were  fired  from  a  15-cm.  Canet  gun  in  100 
seconds.  This  15-cm.  gun  is  45  calibers  in  length  ;  the  pro- 
jectile weighs  88  lbs.,  and  the  charge  used  is  from  21  to  26.5 
lbs.  of  smokeless  powder.  On  a  second  trial,  using  powder 
charges  of  22.2  lbs.,  seven  rounds  were  fired  in  54  seconds. 
With  a  projectile  weighing  88  lbs.  and  a  powd«r  charge  of  24.3 
lbs.,  a  muzzle  velocity  of  2,497  ft.  was  reported.  A  12-cm. 
Canet  gun,  45  calibers  in  length,  fired  nine  rounds  in  45  sec- 
onds ;  the  projectiles  weighed  44.5  lbs.,  and  the  powder  charges 
were  12.  i  lbs.  With  a  shell  weighing  46.8  lbs.  and  a  charge  of 
12  I  lbs.  of  powder  in  the  i2-cm.  gun,  a  muzzle  velocity  cf 
2,487  ft.  was  reached. 
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CHAPTER  ^W.—aContinued.) 
THE   HELIX.* 

The  helix  or,  as  it  is  sometimes  though  improperly  termed, 
the  spiral,  is  the  curve  described  upon  the  surface  of  a  cylinder 
by  a  point  revolving  round  it,  and.  at  the  same  time,  moving 
parallel  to  its  axis  by  a  certain  invariable  distance  during  each 

Fig.  306. 


D+ifi 


Fig.  307. 

revolution.     Thus  the  outlines  of  the  thread  of  a  screw  and  of 
what  are  called  spiral  springs  form  helixes. 

Thus  let  it  be  supposed  that  the  cylinder  A  B  C D,  fig.  306, 
has  been  placed  in  a  lathe  with  its  axis  coincident  with  the  lathe 
"centers,'*  and  a  sharp-pointed  turning  tool  is  placed  in  con- 

*  Draw  the  figures  in  this  chapter  double  the  linear  scale  to  which  they  are 
engraved. 


tact  with  the  surface  of  the  cylinder  at  D,  and  that  while  the 
cylinder  turns  one  revolution  the  tool  moves  from  D  to  16  at  a 
uniform  speed.  The  point  of  the  tool  would  then  describe  a 
helix  Z),  i',  2'-8'-i6  on  the  surface  of  the  cylinder,  which  would 
be  of  the  form  of  the  thread  of  a  screw.  The  distance  D  16  which 
the  curve  advances  on  the  cylinder  during  each  revolution,  as 
described  in  Chapter  VI,  is  called  its  pitch. 

Problem  114.  Required  to  draw  a  projection  of  a  helix  "which 
is  described  around  a  cylinder. 

\i  A  B  C  D,  fig.  306,  be  the  cylinder,  then  if  the  helix  begins 
at  D  and  D  16  is  equal  to  the  pitch,  divide  the  latter  into  any 
even  number  of  equal  parts— in  this  case  16.  Then  on  the  cen- 
ter line  4"  E  extended,  and  from  any  convenient  point,  as  S, 
fig'  307i  ^or  a  center,  draw  a  circle  whose  diameter  is  equal  to 
that  of  the  cylinder,  and  divide  its  circumference  into  the  same 
number  of  equal  parts,  1'",  2'",  3"',  4"',  etc.,  as  the  pitch  has 
been  divided  into.  Project  these  points  in  fig.  306  by  vertical 
lines  i'"  i",  2'"  2",  3'"  3",  etc.,  to  A  B.  In  winding  around  the 
cylinder  from  D*  to  i'",  fig.  307,  and  from  D  to  i',  fig.  306,  or 
one-sixteenth  of  the  circumference  of  the  cylinder,  the  helix  has 
moved  in  a  direction  parallel  to  the  axis  of  the  cylinder  a  dis- 
tance equal  to  D,  or  one-sixteenth  of  the  pitch.  Consequently,  if 
we  draw  a  horizontal  line  from  the  point  i — whose  distance  from 
A  is  equal  to  a  sixteenth  of  the  pitch— to  i'"  i",  the  point  of  in- 
tersection I'  will  be  a  point  in  the  projection  of  the  curve, 
Similarly  by  projecting  the  point  2'",  fig.  307,  by  the  line  2'"  2" 
and  by  drawing  a  line  2  2',  we  will  have  another  point  2'  in  the 
curve.  The  other  points  3',  4',  5',  6',  7',  etc.,  may  be  laid  out 
in  a  similar  way.  In  advancing  half  way  around  the  cylinder, 
or  from  D  to  8',  in  fig.  306,  and  D'  to  8'",  in  fig.  307,  the  helix 
has  moved  parallel  to  the  axis  of  the  cylinder  a  distance  equal 
to  half  the  pitch.  From  8'  to  16,  in  fig.  306,  and  8'",  9'", 
io"'-D\  in  fig.  307,  it  has  advanced  another  half  of  the  pitch. 


This  latter  portion  of  the  curve  is  behind  the  cylinder  in  fig. 
306,  and  is  therefore  represented  by  a  dotted  line,  8',  9',  io'-i6, 
and  is  of  exactly  the  same  form  as  Z>,  i',  2'-8',  but  is  reversed 
in  position.  It  is  drawn  in  the  same  way  as  has  been  de- 
scribed. As  the  projection  of  each  succeeding  revolution  of  the 
helix  is  the  same  as  the  first,  if  we  make  a  template  of  D  v  2'-%', 
all  the  other  convolutions  of  the  curve  can  be  drawn  from  it. 

Problem  115.      To  draw  the  projection  of  a  helical  spring. 

Let  it  be  supposed  that  the  spring  is  made  of  a  round  bar  of 
steel,  and  that  the  diameter  of  the  helix,  measured  from  center 
to  center  of  the  steel,  is  the  same  as  that  of  the  cylinder  shown 
in  fig.  306,  and  that  the  pitch  is  also  the  same  as  that  of  the 
helix  in  this  figure  ;  then  the  first  thing  to  do  is  to  draw  a  helix 
D,  i',  2'-8',  16',  fig.  308.  representing  the  center  line  of  the  steel 
bar.  Next,  with  a  radius  equal  to  half  the  diameter  of  the 
bar,  describe  circles  from  the  points  D,  i',  2',  3',  etc..  and  draw 
lines  o,  i,  2,  3,  4,  etc.,  and  i",  2",  3",  etc.,  tangent  to  these  cir- 
cles. The  lines  thus  drawn  will  represent  the  outline  of  the 
spring. 


Vol.  LXV,  No.  9.] 


ENGINEERING    JOURNAL. 


419 


Fig.  309- 


Fig.  310. 


PROJECTION    OF   A   SCREW-THREAD. 

In  Chapter  VI  the  ordinary  method  of  drawing 
a  screw-thread  was  described.  It  was  there  ex- 
plained, however,  that  that  method  does  not  rep- 
resent screw-threads  correctly,  as  the  outlines  of 
screw-threads  are  helices  and  not  straight  lines, 
and  therefore  the  outlines  of  the  thread  of  a  screw 
in  a  side  elevation  will  be  slightly  curved. 

Problem  116.  To  draw  the  projection  of  a 
square-threaded  screw. 

Let  A  B  C  D,  (is:.  3oq,  be  a  screw  whpse  diame- 
ter is  equal  to  E  F,  and  whose  pitch  equals  D  G. 
From  a  point  S  on  the  center  line  G  S  extended, 
draw  a  semicircle  whose  diameter  is  equal  to  that 
of  the  screw  or  E  F.  Subdivide  the  semicircle 
into  any  number  of  equal  divisions  o',  i'.  2',  3', 
etc.— in  this  case  eight.  Bisect  the  pitch  D  G  and 
divide  one-half  of  it  into  the  same  number  of 
equal  parts  o.  i,  2,  3,  etc.,  as  the  semicircle  has 
been  divided  into.  Project  vertical  lines  from  the 
points  of  division  i',  2',  3',  etc.,  in  the  semicircle, 
and  horizontal  lines  from  i,  2,  3,  etc.,  the  points 
of  division  of  the  pitch  ;  then  the  points  of  inter- 
section 1",  2",  3"-8"  will  be  points  in  the  projec- 
tion of  the  screw-thread.  As  all  the  threads  are 
alike,  by  makine  a  template  of  the  curve  o,  i"  2"- 
8"  the  outline  of  all  the  other  threads  can  be  drawn 
with  it  if  the  lines  A  D  and  B  C  are  each  sub- 
divided into  divisions  equal  to  half  the  pitch.  The 
curves  a  b  and  c  d,  which  represent  the  root  of  the 
thread,  or  rather  its  junction  with  the  body  of  the 
screw,  may  be  drawn  by  constructing  a  helix  on 
a  cylinder  whose  diameter  is  equal  to  /  AT,  or  the 
diameter  of  the  screw   at  the   root  of  its  thread. 


Fig.  311. 


To  do  this  a  second  circle  is  drawn  from  the  cen- 
ter S,  whose  diameter  ^/  is  equal  to  /  K.  The 
method  which  has  been  explained  for  drawing 
the  outline  o,  i"  2"-8"  must  then  be  employed 
for  drawing  a  b  and  c  d. 

In  fig.  309  a  section  L  M N  O  of  a  nut  is 
shown  on  the  screw,  an  outside  view  of  the 
screw  being  represented.  In  this  view  the  edges 
0-8"  and  8  ^  of  the  thread  which  are  nearest  to 
the  observer  are  shown.  In  making  a  half  of  a 
revolution  the  thread  would  advance  from  D  to 
8'',  and  in  turning  completely  around  the  screw 
it  would  pass  behind  the  screw  and  would  ad- 
vance from  8"  to  G.  The  outside  edges  of  this 
part  of  the  thread  which  is  behind  the  screw  are 
represented  by  the  doited  lines  8"'  b  G  »nd  £^  d  h. 
It  will  be  noticed  that  these  incline  the  reverse 
way  to  the  portion  of  the  thread  nearest  to  the 
observer.  If  now  we  were  to  remove  the  screw 
from  the  section  of  the  nut  and  show  the  latter 
without  the  screw,  the  grooves  in  the  nut  in 
which  the  threads  work  would  be  seen,  which 
are  counter-parts  of  the  thread.  Consequently 
in  showing  such  a  section  of  a  nut  its  thread  is 
represented  as  shown  in  fig.  311.  The  con- 
struction for  delineating  the  lines  which  repre- 
sent the  roofs  of  the  thread  is  shown  in  this  and 
the  following  figure,  which  will  require  no  further 
explanation. 

CHAPTER  XIII. 

KNVKLOPES  OR  COVERINGS  OF  SOLIDS.* 

Boilers,  pipes,  tanks,  and  vessels  of  diflerent 
kinds  are  usually  made  of  sheets  or  plates  of 
metal  which  are  fastened  together  so  as  to  form 
structures  of  various  geometrical  forms.  In 
designing  them  it  is  essential  to  lay  off  the 
plates  so  that  they  would  cover  solids  of  the 
form  of  the  inside  of  the  structure  composed  of 
the  plates.  Some  of  the  most  ordinary  prob- 
lems of  this  kind  which  a  draftsman  is  called 
upon  to  solve  will  therefore  be  elucidated. 

Problem  117,  To  lay  off  the  envelope  of  a 
cylinder. 

Let  abed,  fig.  313,  represent  a  side  view 
cylinder  8  in.  in  diameter  and  10  in.  long.      The 

I 


*  Draw  the  figures  in  this  chapter  double  the  linear  scale  to 
which  they  are  engraved. 
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Fig.  315. 


Fig.  316. 


width  of  an  envelope  to  cover  the  out- 
side of  the  cylinder  must  obviously  be 
equal  to  its  height.  Therefore  extend 
the  lines  a  b  znA  d  c,  representing  the 
top  and  bottom  of  the  cylinder,  which 
will  define  the  width  of  its  envelope. 
Obviously,  too,  its  length  must  be  equal 
to  the  circumference  of  the  cylinder. 
Therefore  either  calculate  the  length  of 
the  circumference,  or  ascertain  it  from 
a  table  of  diameters  and  circumferences, 
and  lay  it  off  from  b  c  X.o  e  and  f,  and 
draw  e  /  perpendicular  to  ^  ^  or  c / ; 
then  b  e  f  c  will  represent  the  envelope 
of  the  outside  of  the  cylinder.  For  its 
ends  draw  a  circle,  fig.  314,  equal  to  its 
diameter,  and  it  will  represent  a  cover 
for  the  ends. 

Problem  118.  To  lay  off  an  envelope 
for  a  prism. 

Let  it  be  supposed  that  the  prism 
ab  c  d\%  six-sided.  First  draw  a  plan  of 
it,  fig.  316,  and  a  side  view,  fig.  315. 
As  in  the  case  of  the  cylinder,  extend 
the  lines  a  b  and  d  c  lo  represent  the 
upper  and  lower  edges  of  the  envelope. 
Then,  from  the  plan,  take,  with  a  pair 
of  dividers,  the  lengthy  h  of  one  of  the 
sides  of  the  prism.  From  b  c  step  off 
six  times  the  length  of  the  side  on  ^  ^  or 
c  f  and  draw  e  f ;  then  b  e  f  c  will  be 
the  envelope  for  the  sides.  The  plan, 
fig.  316.  will  represent  the  cover  for  the 
top  and  bottom. 

Problem  119.  To  draw  the  envelope 
of  a  Pyramid. 

Let  a  b  c,  fig.  317,  be  a  side  view  of 
a  six-sided  pyramid,  and  fig.  318  a  plan. 


'      Fig  317- 


It  is  obvious  that  the  cover  of  any 

one  side,  &%  a  c  e,  represented  by 
a!  ^  e'  in  the  plan,  is  bounded  or 
enclosed  by  the  edges  a  c,  a  e, 
and  t  c.  Consequently  if  the  line 
a  c  IS  supposed  to  represent  one 
side  of  the  envelope  if  we  take 
<j  r  as  a  radius  and  describe  an  arc 
at  I,  and  with  ^'  r'  as  a  radius  and 
^  as  a  center,  we  intersect  the 
first  arc  at  I  and  draw  a  J,  then 
the  area  a  c  i  will  represent  the 
cover  for  the  side  a  e  c.  Con- 
tinuing in  the  same  way,  if  wc 
describe  intersecting  arcs  at  2 
with  the  same  radii  and  «  and  i 
as  centers,  we  will  have  the  area 
a  I  2,  which  will  be  the  cover  for 
the  side  a  d  e.  In  the  same  way 
the  whole  area  <zri23456 
may  be  completed,  which  will  be 

the  envelope  of  the  sides  of  the 

pyramid.  A  continuous  arc  c  i 
23456  may  be  drawn,  and  the 
length  /  c'  or  d'  e'  of  one  side  of 
the  base  can  then  be  set  oft  six 
times  from  a  on  this  arc,  and  if 
Straight  lines  r  i,  i  2,  2  3,  etc., 
are  drawn  through  these  points 
and  drawing  b  a  the  envelope  will 
be  completed.  The  cover  for  the 
base  will  be  the  hexagon  shown 
in  the  plan. 

Problem  120.  To  draw  the 
envelope  of  a  cone  and  of  a  ft  us- 
trum  of  a  cone. 

U  ab  c.  fig.  319.  is  a  side  view, 
and  fig.  320  a  plan  of  the  cone, 
then  any  line,  as  c'  a'  or  d'  a', 
drawn  from  the  circumference  of 
the  base  to  the  vertex  a  on  the 
cone  itself  will  be  equal  to  a  3  or 
a  c.  Consequently  if  with  a  as 
a  center  and  a  <-  as  a  radius,  we 
describe  an  arc  c  e  f,  and  if  we 
make  this  arc  equal  in  length  to 
the  circumference  of  the  base  and 

Fig.  319- 


Fig.  318. 


Fig.  320. 
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Problem  122.  To  draw  the  envelope 
for  a  cylinder  lohich  penetrates  another 
cylinder. 

Let  abed,  fig.  323,  represent  a  cylin- 
der which  is  atuched  to  or  penetrates 
another  cylinder  A.  Draw  a  plan  or 
half  plan  of  the  cylinder  abed  above 
it,  and  proceed  as  in  Problem  121. 
The  engraving  makes  the  process  suffi- 
ciently obvious. 

Problem  123.     To  draw  the  envelope 

for  a  hemisphet-ical  dome  cab,  fig.  324, 
divided  into  eight  equal  sections,  the 
joints  being  in  vertical  planes. 

First  draw  a  plan,  fig.  325,  of  the 
dome  below  fig.  324  and  divide  its  cir- 
cumference into  eight  equal  parts. 
Ascertain  the  circumference  of  the  base, 
and  take  one-eighth  of  it  and  lay  it  ofT 
Sit  d  e  on  c  b  extended.  Bisect  d  e.  and 
erect  a  perpendicular  fg  through  the 
point  of  division.      The  arc  b  a  c  being 

a  semicircle  of  a  diameter  c  b,  the  arc 

a  ^  is  equal  to  one-quarter  the  circum- 
ference, of  which  c  b  is  the  diameter.   It 

will  be  observed  that  sections  extend 
from  ^  ^  to  the  vertex  at  a.  Conse- 
quently the  length  of  the  sections  is 
equal  to  the  arcs  a  b  or  a  c,  which  as 
explained  are  equal  to  one-quarter  the 
circumference  of  the  base  of  the  dome. 
Set  off  this  distance// on  the  perpen- 
dicular in  fig.  326  and  it  will  represent 
the  height  of  the  section.  Divide  each 
of  the  arcs  a  b  and  a  c  into  the  same 
number  of  equal  parts  r  i,  i  2,  2  3,  and 
3  a— four  in  this  case— and  draw  hori- 
zontal lines  I  I,  2  2,  and  3  3  through 
the  points  of  division.  Divide  the  per- 
pendicular//into  the  same  number  of 
equal  parts  that  c  a  and  b  a  have  been 
divided  into,  and  draw  horizontal  lines 


draw /a,  then  c  e  f  a  will  form  an  envelope  for  all  of  the  cone 
excepting  its  base.  The  distance  cefmzy  be  laid  off  approxi- 
mately by  taking  a  distance  equal  to  i  in.  in  a  pair  of  dividers  and 
then  stepping  off  from  c  on  c  efa.  number  of  inches  equal  to  the 
circumference  of  the  base  ;  or  get  the  length  of  the  side  a  e  and 
the  circumference  of  which  it  is  the  radius.  Then  divide  360 
— the  number  of  degrees  in  a  circle — by  this  circumference, 
and  multiply  by  the  circumference  of  the  base.  The  quotient 
will  be  the  angle  c  a  f.  Lay  off  this  angle  and  draw  a  f ;  then 
fee  will  be  equal  in  length  to  the  circumference  of  the  base. 

To  lay  off  the  envelope  for  a  frustrum  of  a  cone  h  c  b  g,  first 
draw  the  envelope  for  the  whole  cone  a  b  c.  Then  draw  that 
a  h  ij  for  the  small  cone  a  g  h.  Then  the  difference  between 
a  c  ^/and  a  h  ij  or  i  c  e  f j  i  will  be  the  envelope  of  the  frus- 
trum. The  covers  for  the  base  and  top  will  be  circles  whose 
diameters  are  equal  \o  b  c  and  g  h. 

Problem  121.  To  find  the  'envelope  for  a  cylinder  abed,  fig. 
321,  having  one  of  the  ends  a  b  cut  ojf  at  an  angle  to  its  sides  a  d 
and  b  c. 

Draw  a  plan,  fig.  322.  below  the  side  elevation,  and  divide  the 
circumference  into  any  number  of  equal  parts — in  this  instance 
twelve — and  through  these  points  draw  vertical  projection  lines 
to  a  b.  Extend  the  base  d  c  \o  12  ',  and  make  c-\2!"  equal  to  the 
circumference  of  the  cylinder.  Divide  f-12'"  into  the  same 
number  of  equal  parts  that  the  circumference  has  been  divided 
into,  and  draw  vertical  lines  through  the  points  of  division.  It 
will  be  seen  that  the  intersection  of  the  vertical  lines  i  i",  2  2", 
3  3".  etc.,  with  a  b  are  the  projections  of  the  points  i,  2,  3,  etc., 
on  a  b.  Now  the  line*  1'"  1"",  2'"  2"",  etc.,  on  the  envelope 
correspond  with  the  vertical  lines  i'  i",  2'  2",  3'  3",  etc.,  on  the 
cylinder.  Therefore,  by  drawing  horizontal  lines  l"  i"",  2" 
2^,  etc.,  the  points  of  intersection  i""  2""  3"",  etc.,  will  deter- 
mine the  length  of  the  vertical  lines  or  ordinates  i'"  i"",  2'" 


2'"',  etc.,  on  the  envelope,  and  by  drawing  a  curve  b  i 


nil  «//". 


12""  through  the  extremities  of  those  lines  it  will  represent  the 
form  of  the  envelope. 


Fig.  326. 


Fig-  32s 
l'  I',  2'  2',  and  3'  3'  through  the  points  of  division. 


Now  ascer- 
324,  by  meas- 


tain  the  length  of  the  lines  11,22,  and  3  3,  of  fig 
urement,  and  ascertain  the  circumferences  of  which  these  meas- 
urements are  the  diameters.  Take  one  sixteenth  of  the  cir- 
cumference of  I  I  and  set  it  off  on  each  side  of  the  perpendicular 
fg  on  i'  I'.  Proceed  in  the  same  way  with  the  diameter  2  2, 
and  set  off  one-sixteenth  of  its  circumference  from  fg  on  2'  2'. 
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Fig    327 


Repeat  this  process  with  3  3  and  3'  3'. 
Then  draw  curves  d  i'  2'  3'  /  and  e  i 
2'  3'  /through  the  extremities  of  the 
horizontal  and  perpendicular  lines  in 
fig.  326.  The  figure /<r(/  will  then  be 
that  of  one  of  the  sections  of  the  cover 
of  the  dome.* 

CHAPTER  XIV. 

PENETRATIONS   OR   INTKRSECTIONS   OF 
SOLIDS. 

On  examining  the  minor  details  of 
most  machines,  we  shall  find  numerous 
examples  of  cylindrical  and  other  forms 
fitted  to  and  even  appearing  to  pass 
through  each  other  in  a  great  variety  of 
ways.  A  number  of  examples  have 
therefore  been  selected,  showing  the 
outlines  formed  by  the  penetration  of 
various  solid  bodies,  with  a  view  of  ex- 
hibiting those  cases  which  are  of  most 
frequent  occurrence,  and  elucidating  the 
general  principles  which  are  applicable 
in  every  case. 

PENETRATIONS   OF   CYLINDERS. 

Problem  123.  To  delineate  the  inter- 
sections  of  two  cylinders  of  equal  diame- 
ters at  right  angles  to  each  other. 

Let  fig.  327  represent  a  side  view, 
fig.  32S  an  end  view,  and  fig.  329  a 
plan  of  two  such  intersecting  cylinders 
A  B  and  C  D.  Suppose  a  b,  fig.  328, 
to  be  a  plane  cutting  the  one  cylinder, 
C  Dj  parallel,  and  the  other,  A  B,  at 
right  angles  to  its  axis.  Extend  this 
plane  \.o  c ;  then  obviously  it  will  pass 

♦  The  student  will  find  that  constructing  the 
projection  of  the  junction  lines  in  the  covering  of 
the  dome,  .ts  shown  in  fig.  324,  is  an  interesting 
problem.  He  should  be  able  to  work  out  the 
method  of  doing  it  from  the  drawing  without 
further  explanation. 


Fig.  330 


through  the  line  of  intersection  of  the 
two  cylmders.  From  the  center  line 
E  F,  of  fig.  328,  take  the  distance  c  d 
equal  to  half  of  the  line  a  b  included 
within  the  circumference  of  the  circle 
G  H  I  J,  and  lay  it  off  on  each  side 
of  C  D\  the  horizontal  center  line  of 
the  cylinder  CD  shown  in  the  plan, 
and  draw  horizontal  lines  e"  c'  and/^ 
through  the  points  thus  laid  down. 
These  lines  will  represent  the  inter- 
section of  the  plane  a  b  with  the  surface 
of  the  cylinder  C/?,  and  consequently 
the  points  h'  and  i'  where  the  line 
intersects  the  circle  A' ,  in  fig.  329.  are 
the  points  where  the  intersecting  plare 
cuts  the  surface  of  the  cylinder  A  B. 
By  projecting  vertical  lines  from  h' 
and  i'  upward  to  intersect  the  line  a  c, 
the  points  h  and  i  where  they  cross 
each  other  will  be  in  the  line  of  inter- 
section of  the  two  cylinders.  By  pro- 
ceeding in  a  similar' way  and  drawing 
other  planes,  h  0,  p  q,  etc.,  other 
points,  as  j,  k,  I,  m,  etc.,  may  be  de- 
termined, and  the  lines  G  E  and  I J 
may  be  drawn  through  these  points 
and  will  represent  the  intersections  of 
the  two  cylinders.  If  they  are  of  the 
same  diameter  and  at  right  angle?  to 
each  other,  their  intersections  will  be 
represented  by  straight  lines,  as  shown 
in  fig.  327,  which  may  be  readily  drawn 
through  the  points  G,  E,  /and  y  where 
the  outlines  of  the  cylinders  join  each 
other. 

Problem  124.  To  delineate  the  in- 
tersections  of  two  cylinders  of  unequal 
diameters  at  right  angles  to  each  other. 

Figs.  330,  331,  and  332  are  side  and 
end  views  and  a  plan  of  two  cylinders, 
of  which  the  one,  A  B,  is  of  smaller 
diameter  than   C  D.     The  process  of 


Fig.  331. 


Fig.332. 
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(ielinealing  the  intersections  of  these  two  cylinders  is  the  same 
as  that  described  for  those  of  equal  diameters.  The  lines  of 
intersection  G  Af  I  ».nd  J  N  If  when  the  cylinders  are  of  un- 
equal diameter  are  hyperbolic  curves,  as  shown  in  fig.  330. 
The  vertices  M  and  N  of  the  curves  are  obviously  projected 
directly  ;  and  their  extreme  points  are  determined  by  the  inter- 
sections of  the  outlines  of  both  cylinders  at  m  and  n,  fig.  331. 

(TO    BE   CONTINUED.) 


I 


Recent  Patents. 


CRISWELL  S   BRAKE-SHOE. 

A  GLASS  brake-shoe  has  been  patented  by  Mr.  Peter  C.  Cris- 
well,  of  Wheeling,  W.  Va.,  the  number  of  the  patent  being 
455.033-  This  device  can  best  be  described  in  the  inventor's 
own  words,  as  follows :  "  The  special  object  of  this  invention  is 
to  make  brake-shoes  so  that  they  will  not  wear  so  rapidly  as 
those  which  have  been  heretofore  used.  For  this  purpose  [ 
have  experimented  and  have  discovered  that  a  shoe  made  of 
glass  or  faced  therewith  will  greatly  outwear  those  made  of  any 
material  hitherto  used  for  the  purpose. 

Fig.  I  of  the  drawings  represents  my  invention  in  its  holder 
in  perspective  ;  fig.  2,  a  detail  view  of  a  preferred  form  of 
shoe  ;  and  fig.  3,  a  section  on  dotted  line  jc  x  of  fig.  i,  showing 


to  crack  or  split  ;  fourthly,  being  a  non  combustible  substance, 
it  is  not  injured  by  the  frictional  heat,  and,  fifthly,  it  does  not 
expand  or  contract  under  the  influence  of  heat  or  moisture. 
Being  solid,  without  grain,  and  not  porous,  it  is  a  harder  sub- 
stance than  any  of  those  heretofore  used  for  brake-shoes. 
Hence  it  always  wears  smooth  without  heating  or  cutting  like 
metallic  Drake-shoes,  while  it  will  outwear  three  wooden  shoes. 
Compressed  paper  and  asbestos  are  soft  like  wood,  and  there- 
fore cut,  heat,  and  wear  out  much  more  quickly.  In  view  of  all 
these  facts,  which  have  been  corroborated  by  practical  tests,  it 
seems  to  be  the  best  substance  which  can  be  employed  for  the 
purpose." 

kirk's  RIVER  JETTIES. 

Figs.  5,  6  and  7  show  an  improvement  in  river  jetties  cov- 
ered by,patentNo.  455,216,  issued  to  Arthur  Kirk,  of  Sharps- 
ville.  Pa.  Fig.  5  is  a  cross  section  of  a  stream  with  such  jet- 
ties ;  fig.  6  is  a  plan  illustrating  one  of  the  details  described 
below  ;  fig.  7  is  a  plan  showing  the  arrangement  of  the  jetties 
on  one  side  of  the  river,  those  on  the  opposite  side  correspond- 
ing exactly. 

In  figs.  5  and  7  are  shown  the  course  of  a  stream,  2  ;  A  and  B 
are  side  walls  or  jetties,  which  are  separated  from  each  other  a 
sufficient  space  to  provide  a  proper  channel  between  them,  and 
at  their  upper  ends  are  flared  outwardly,  so  as  to  catch  the 
water  and  converge  it  within  the  channel.  A  series  of  wing 
dams  or  walls  c  project  from  the  outer  sides  of  the  jetties  A  and 
B  toward  the  shores  and  slant  upstream,  say,  at  about  an  angle 
of  45^.  These  wings  on  a  given  side  of  the  jetties  are  prefer- 
ably placed  at  intervals  about  half  or  a  quarter  of  a  mile  apart. 
The  height  of  the  walls  A  and  B  is  sufficient  to  collect  nearly 
all  the  water  of  the  stream  during  low  water,  and  in  high  water 
the  wings  c  t  will  so  shoal  and  retard  the  flood  water  that  it  will 
deposit  its  sand,  gravel  or  alluvium  behind  the  wings,  and  in 
doing  so  will  fill  up  the  bottom  and  in  time  will  recover  much 
land  which  would  otherwise  be  of  little  value.  It  will  be  noticed 
that  the  wings  c  project  from  the  sides  of  the  jetty-walls  A  />, 
which  extend  upstream  from  their  juncture  with  the  wings,  so 
as  to  make  angles  c",  which  check  the  current  and  cause  the 
water  to  deposit  its  alluvium.  In  this  point  this  invention  is  differ- 
ent from  other  prior  systems,  in  which,  instead  of  having  closed 
angles  on  the  upper  sides  of  the  wings,  there  are  openings  at 
these  places  through  which  the  water  may  flow  freely,  carrying 
the  alluvium  with  it.     As  shown  in  tg.  5,  the  wings  c  are  made 


CRISWELL'S  GLASS  BRAKE-SHOE. 

the  glass  backed  by  rubber  or  some  elastic 
material.  Fig.  4  is  a  cross-section  of  fig.  I  on 
dotted  lines  y  y, 

"  In  the  drawings,  A  represents  the  shoe 
made  of  glass,  B  the  holder,  and  C  the  rubber 
or  other  elastic  block  between  the  glass  and 
the  holder,  which  may  be  made  of  wood  or 
other  material. 

"  The  shoe  is  made  to  taper  longitudinally 
and  is  beveled  on  each  side,  so  as  to  wedge 
tightly  into  the  holder  B,  which  is  correspond- 
ingly constructed  on  the  interior  b.  The  shoe 
A  is  also  notched  at  a',  and  across  through 
this  notch  and  the  sides  of  the  holder  B  passes 
the  screw-bolt  D,  on  which  fits  a  suitable  nut 
to  hold  the  bolt  securely  in  position.  The 
shoe  A  is  thus  held  in  a  tightly  wedged  condi- 
tion all  the  time. 

"  The  advantages  of  glass  as  a  material 
for  brake-shoes  are  that  it  is  much  more 
durable  than  those  which  have  been  here- 
tofore made  of  wood,  metal,  asbestos,  or  compressed  paper,  as 
it  is  not  abraded  and  worn  off  by  friction  like  other  known 
materials  for  the  purpose  ;  secondly,  being  moulded  to  any  form 
or  size,  it  is  cheap  and  easily  made  to  fit  any  required  or  pre- 
ferred holder  ;  thirdly,  having  no  pores  or  grain,  it  is  not  liable 


KIRK'S  ARRANGEMENT   OF   RIVER   JETTIES. 

to  increase  gradually  in  height  at  an  angle  of  about  -^o'  or  more 
from  the  jetty-wall  to  the  shore.  The  purpose  of  this  is  that 
when  the  stage  of  water  is  high  in  the  river  the  flow  over  the 
jetty-wings  and  the  swiftest  current  may  be  toward  the  middle 
of  the  stream  at  the  junction  of  the  wing  with  t-he  jetty-wall, 
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while  near  shore  the  water,  being  backed  up  by  the  wing,  may 
be  slack.  This  prevents  the  useless  formation  of  sand-banks  in 
the  middle  of  the  stream,  and  renders  the  reclaiming  of  the  land 
much  more  certain  and  efficacious. 

The  construction  of  the  jetty  walls  is  shown  in  fig.  5.  The 
walls  are  composed  of  planks  or  sawed  timber,  the  bottom  floor 
B'  resting  on  mud-sills  a  a  a,  and  the  timber  frame  is  built  up 
so  as  to  form  chambers  c'  c' ,  which  are  filled  with  sand  or  other 
suitable  material  through  holes  E,  made  in  the  flooring  D. 
These  chambers  ate  built  up  one  over  the  other  until  the  desired 
height  is  reached.  It  is  best  to  fasten  the  timbers  with  wooden 
pins.     A  road  or  railroad  may  be  carried  along  the  »op. 

To  prevent  scouring  under  the  wooden  walls  the  banks  may 
be  protected  by  chains  7,  in  fig.  5.  composed  of  wooden  links, 
which  are  hung  from  the  bases  of  the  jetty-walls  and  lie  upon 
the  bed  of  the  channel.  The  links  are  weighted,  so  that  they 
may  sink  to  the  bottom  of  the  stream.  These  links  are  shown 
in  fig.  7  in  plan. 


Manufactures. 


A  New  Copying  Process. 


A  NEW  copying  process,  by  which  drawings  can  be  copied  in 
their  original  colors  on  a  white  ground,  is  being  introduced  by 
F.  W.  Devoe  &  Company,  of  New  York.     The  special  merit  of 

Fig.  2. 


53  cents,  which  strikes  one  as  being  decidedly  high  ;  it  is 
certainly  high  compared  with  the  expectations  of  the  promoters. 
It  will  be  decidedly  interesting  to  learn  whether  Mather  &  Piatt, 
the  constructors,  are  safe  in  their  guarantee  of  a  maximum  cost 
of  seven  cents  per  train  mile  for  motive  power.  Comparisons 
with  American  enterprises  might  be  made,  but  would  not  be 
especially  instructive  on  account  of  totally  different  conditions. 
The  City  &  South  London  Road,  as  the  only  underground  elec- 
tric system,  is  a  useful  example  for  tht  contemplation  of  those 
who  propose  engaging  in  similar  enterprises  elsewhere  ;  taken 
aItogeth«r  its  operation  has  been  very  satisfactory,  there  have 
been  some  slight  difficulties,  but  the  failures  have,  as  a  rule,  not 
been  electrical,  and  could  not  be  fairly  charged  up  to  imperfec- 
tions in  the  motor  system  employed.  Concerning  ventilation, 
a  question  that  has  been  much  mooted  in  connection  with  the 
proposed  underground  system  in  this  city,  opinions  seem  to 
differ  very  widely.  Some  of  those  who  have  ridden  upon  the 
line  say  that  it  is  eminently  agreeable,  while  others  aver  that  the 
atmosphere  in  the  tunnel  is  nothing  short  of  miasmatic.  The 
cars  are  kept  closed  for  the  most  part,  and  consequently  are  not 
well  ventilated.  How  much  of  the  allegations  against  the  tun- 
nel are  due  to  the  closed  cars  it  is  not  easy  to  say.  It  might  be 
added  that  information  concerning  the  actual  experience  ob- 
tained in  this  half  year's  operation  is  very  difficult  to  get  hold 
of  ;  for  some  reason,  good  or  bad,  the  managers  of  the  road 
are  as  mum  as  oysters  as  to  the  details  of  the  work.  Neverthe- 
less the  road  may  be  classified  as  fairly  successful,  and,  consid 
ering  the  desperate  conservatism  of  our  English  cousins,  op- 
Fig.   I. 
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Fig.  4- . 

this  process  is  that  sectional  and  other  colors  can  be  reproduced 
exactly,  which  is  sometimes  a  very  convenient  matter.  The 
drawing  has  to  be  made  in  special  ink,  and  the  copies  cost  little 
more  than  an  ordinary  blue  print. 


Fig.  3- 


ponents  of  electric  traction  can  find  little  consolation  in  the 
results  of  the  first  six  months." 

In  this  connection  it  may  be  noted  that  the  West  End  Com- 
pany, in  Boston,  reports  the  average  expense  per  car  mile  for 
motive  power  on  its  electric  cars  in  the  month  of  June  at  7.31 
cents  against  10.S3  cents  for  horse  cars.  The  average  earnings 
per  mile  of  the  electric  cars  were  42.71  cents,  and  for  the  horse 
cars  36.85  cents,  so  that  the  motive  power  for  the  electric  cars 
cost  17.1  per  cent,  of  the  gross  receipts,  while  on  the  horse  cars 
29.8  per  cent,  was  required. 


An  Improved  Car  Door. 


The  City  &  South  London  Electric  Road. 

The  Electrical  World  of  recent  date  says  :  "  Our  cable  dis- 
patch this  week  gives  the  net  results  of  the  first  half  year's 
operation  of  this  unique  road.  It  is  promising,  although  not 
altogether  satisfactory.  The  net  profits  have  been  a  little  over 
$20,000,  an  amount  only  sufficient  to  pay  the  interest  on  the 
bonds.    The  total  operating  expenses  per  train  mile  were  about 


The  accompanying  illustrations  show  a  door  which,  it  is 
claimed,  answers  the  requirements  that  a  freight-car  door  must 
be  strong,  spark-proof,  of  simple  construction,  and  few  parts. 

The  best  malleable  iron  is  used  for  hangers,  wheels,  stops, 
etc.,  and  steel  track,  made  of  one  piece  for  any  width  of  door, 
applied  so  that  no  screws  or  nails  can  possibly  come  in  contact 
with  the  running  parts  of  the  door.  A  complete  housing  cap  is 
made  of  metal,  with  malleabe  iron  ends  riveted  together  and 
ready  for  application. 

A  new  feature  is  the  supply  by  this  company  of  malleable  iron 
guides  and  wedges  for  bottom  of  door,  which,  by  their  con- 
struction, offer  also  a  thorough  lock  when  the  door  is  either  open 
or  shut,  saving  all  damage  by  door  slatting.  Fig.  i  is  a  side 
view  of  the  top  of  this  door  ;  fig.  2  a  section  ;  fig.  3  shows  the 
bottom  rail ;  fig.  4  is  a  general  view  of  the  door. 
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The  Tilden  Bridge-Guard. 


The  accompanying  sketch  shows  the  bridge-guard  made  by 
B.  E.  Tilden  &  Company,  of  Cleveland,  O.,  which  has  been 
brought  into  use  on  a  number  of  lines.  The  sketch  shows  a 
general  plan  and  a  cross-section  on  the  line  C  D.  The  plan  is 
for  a  single-track  bridge  with  the  inner  and  outer  T  guard- 


mortise.  All  other  makes  of  this  style  of  machine  have  a 
stationary  bed,  and  the  depth  of  mortise  is  made  by  blocking 
up  behind  the  timber  that  is  being  mortised. 

The  chisel  mandrel  is  driven  by  new  improved  friction  gear- 
ing, with  a  quick  return,  and  raised  and  lowered  by  rack  and 
pinion.  There  are  suitable  stops  provided  for  gauging  the 
travel  of  the  slide,  also  a  regulating  screw  for  changing  the 
position  of  the  chisel  to  suit  the  work.     The  machine  will  take 
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TILDEN'S  CLEVELAND   BRIDGE-GUARD. 


rails.  The  inner  guard-rails  may  end  at  E  E,  or  they  may  be 
continued  adjacent  to  the  main  track  rails  until  they  connect 
with  the  guard-rails  at  the  other  end  of  the  bridge.  Bridge- 
guards  B  B  are  placed  at  the  side  of  the  rails  and  opposite  to 
each  other,  3  in.  from  the  top  of  their  respective  rails  and 
pitching  toward  them.  Lifters  Z  Z  fit  into  the  cavity  between 
the  rails,  so  that  the  inner  guard-rails  cannot  approach  nearer 
than  2  in.  to  the  top  of  the  track  rails.  The  outer  guard-rails 
A  A  are  intended  to  direct  the  wheels  to  the  track  in  case  a 
car  is  derailed  as  it  approaches  the  bridge.  Should  a  truck 
leave  the  track,  its  wheels  come  in  contact  with  a  guard-rail, 
A,  and  are  guided  to  a  position  close  to  the  rails  where  the 
wheels  inside  of  the  track  are  raised  by  the  lifter  Z  to  a  height 
sufficient  to  crowd  tread  of  wheels  on  to  the  track  by  adjacent 
guard-rail,  and  the  wheels  outside  of  the  track  at  the  same  time 
pass  up  the  frog  and  are  thus  lifted  to  a  height  suflBcient  to 
allow  the  flange  of  the  wheel  to  pass  over  the  rail  and  the 
wheels  to  be  drawn  on  the  rails  by  the  guard-rail,  the  tread  of 
wheels  running  on  the  replacers  instead  of  the  flange. 

The  advantages  offered  by  these  guards  in  protecting  bridges 
c  n  readily  be  seen  by  examining  the  sketch. 


Improved   Automatic   Square   Chisel  Car    Mortiser   and 

Borer. 


The  engraving  herewith  displays  a  recent  improved  heavy 
car  mortising  and  boring  machine  of  the  type  using  square  or 
hollow  chisels.  It  is  especially  designed  for,  and  capable  of 
cutting  the  heaviest  mortises  in  hard  or  soft  wood,  from  \  in. 
to  Q  in.  deep,  leaving  each  mortise  entirely  free  from  chips.  It 
will  also  ma,ke  end  tenons,  gain  or  mortise  clear  through  a  9-in. 
timber,  also  countersink  for  bolt  heads.  Its  high  efficiency 
and  adaptability  to  the  work  for  which  it  is  intended  and  the 
great  variety  of  work  which  can  be  accomplished  with  it  at  one 
handling  of  the  timber  makes  it  a  time  and  labor-saving  machine. 

The  column  is  one  entire  casting  cored  out  at  the  center, 
strongly  braced  and  thoroughly  able  to  withstand  any  strain  or 
shock  that  may  be  given  it.  All  working  parts  are  planed 
perfectly  true  and  in  line  with  each  other. 

The  bed  rests  on  the  main  column,  held  in  position  by  gibs, 
the  cross  movement  being  controlled  by  a  friction  clutch  pro- 
vided with  stops  to  gauge  the  length  of  mortise.  The  upper 
part  of  the  bed  which  holds  the  timber  has  an  extra  movement 
operated  by  a  band-wheel  and  screw  to  gauge  the  depth  of 


in  stock  up  to  16  in.  wide  and  14  in.  deep,  and  cut  a  gain  at 
the  top  of  a  12-in.  timber. 
If  necessary,  an  extra  boring  attachment  can  be  fitted  to  the 

machine  for  boring  joint-bolt  holes,  side  sills  and  general  work, 

and  when  so  made,  the  builders  furnish  one  auger  each  ,",,  in., 
\\  in.,  and  \'%  in.  by  10  in.  twist,  or  any  other  sizes  to  suit  the 
work. 

The  builders  furnish  with  the  machine  four  chisels,  \  in., 
f  in.,  I   in.,  and   i^  in.,  with   augers  to  suit.     The  tight  and 


IMPROVED  CAR  MORTISER  AND   BORER. 

loose  pulleys  are  12  in.  X  6^  in.,  and  should  make  650  revolu- 
tions per  minute. 

For  further  information  in  regard  to  this,  address  the  builders. 
The  Egan  Company,  Nos.  194-214  West  Front  Street,  Cin- 
cinnati, O. 


Wing's  Centrifugal  Grinding  Machines. 


These  machines,  some  examples  of  which  are  illostrated 
herewith,  represent  a  radical  departure  in  the  construction  of 
grinders  for  tempered  tools.  The  difficulty  with  such  grinders 
has  been  that  it  has  been  necessary  to  run  them  at  low  speed, 
or  else  to  use  water  to  keep  them  from  drawing  the  temper  ; 
and  no  method  tried  for  applying  the  water  has  been  altogether 
successful.     In  the  centrifugal  grinders  the  water  is  applied  to 
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the  stone  or  wheel  at  a  point  near  its'center,  and  by  capillary 
attraction  is  caused  to  stick  to  the  surface  and  accumulate  in 
quantity  until  overcome  by  centrifugal  force  imparted  by  the 
wheel,  then  commencing  to  flow  in  the  direction  of  the  point  of 
its  largest  diameter,  which  is  entirely  encircled  by  a  case  which 


FIG.   I.— NO.   8   HORIZONTAL   DOUBLE  GRINDER. 

catches  the  water  as  it  flies  off,  and  without  the  aid  of  a  pump 
is  conducted  back  to  the  tank  again  ;  the  faster  the  wheel  is 
revolved  the  more  rapidly  the  water  flows,  and  the  ordinary 
rates  of  speed  and  amount  of  water  now  used  can  safely  be 
multiplied  several  times.  And  this  is  not  all  to  be  noticed  in 
this  connection  ;  the  water  being  made  to  flow  on  and  over  the 
surface  of  wheel  with  force,  at  right  angle  to  its  direction  of 
motion,  it  is  not  so  apt  to  Ry  off  when  coming  in  contact  with 
the  tool,  but  is  inclined  to  keep  on  its  natural  direction  of 
course  ;  and  then  the  current  of  water  keeps  the  stone  clean 
and  becomes  more  effectual  in  keeping  the  tool  cool  by  being 
held  on  the  surface  at  the  point  of  grinding  contact. 

Fig.  I  shows  a  No.  8  horizontal  double  grinder,  a  machine 
which  is  especially  adapted  to  machinists'  tool  grinding.  It 
carries  two  grinding  wheels  8  in.  X  if  in.,  one  at  each  end  of 
the  arbor.  The  arbor  is  of  steel,  i  in.  in  diameter,  and  runs 
in  removable  bronze  bushings,  which  can  be  easily  replaced 
when  worn  ;  these  are  self-oiling.  The  water  is  carried  to  the 
wheels  from  the  tank  by  head  force  and  back  into  the  tank  by 
centrifugal  force,  keeping  up  a  continuous  circulation  as  long 
as  there  is  water  enough  kept  in  the  tank  to  cover  the  supply- 
pipes.  This  size  is  also  made  up  to  carry  a  single  wheel,  and 
fitted  with  short  legs  for  bench  use,  or  stand  for  floor,  as  pre- 
ferred, the  price  being  considerably  less  than  for  the  double-end 
machine.  Larger  machines  bearing  the  above  description  are 
in  preparation  and  nearly  completed. 

Fig.  2  shows  a  No.  12  upright  grinder  ;  this  machine  carries 
a  single  wheel,  12  in.  in  diameter  by  2  in.  thick,  and  is  mounted 
on  a  steel  arbor  ij  in.  in  diameter,  running  in  removable 
bronze  bushings.  The  grinding  face  of  the  wheel  is  slightly 
bevelled  to  accommodate  the  grinding  of  long  knives  which 
have  to  lay  across  the  wheel  from  one  side  to  the  other.  It  is 
designed  for  grinding  all  kinds  of  wood-working  tools  having 
straight  edges,  like  planes,  chisels,  knives,  etc.,  and  is  also 
effective  for  grinding  machinists'  and  kindred  tools,  but  might 
be  considered  by  some  not  quite  so  convenient  as  the  horizontal 


machines.  The  water  is  brought  on  to  and  carried  over  the 
surface  of  wheel  and  back  to  tank  again  by  centrifugal  force 
alone,  and  so  continuously  as  long  as  water  is  kept  in  tank. 
This  machine  is  as  simple  in  its  construction  in  every  respect 
as  the  plainest  grindstone  frame,  supplies  itself  with  an  abun- 


FIG.  9.— NO.   12  UPRIGHT  GRINDER. 

dant  amount  of  water,  is  much  neater  and  will  do  much  better 
and  more  work. 

These  irachlnes  are  made  by  the  well-known  firm  of  Pedrick 
&  Ayer  in  Philadelphia. 


Electric  Lighting  by  Water  Power. 

(Condensed  from  a  paper  read  by  Mr.  C.  T.  Ryland,  Jr.,  before  the  Cali- 
fornia Electrical  Society.) 


After  giving  a  short  history  of  electric  lighting  by  water 
power  on  the  Pacific  Coast.  Mr.  Ryland  proceeded  to  explain 
some  experiments  which  he  had  recently  made,  suggested  and 
made  necessary  by  the  fact  that  so  far  none  of  the  different 
manufacturers  of  water-wheels  had  succeeded  in  producing  a 


Fig.   I. 

water-wheel    governor    sufficiently    sensitive   and    reliable   for 
electrical  purposes,  especially  for  incandescent  lighting. 

Mr.   Ryland  conceived  the  idea  of  dispensing  with  the  gov- 
ernor entirely,  and  controlling  the  potential  by  over  compound- 


Vol.  LXV,  Mo.  9.] 


ENGINEERING    JOURNAL. 


427 


ing  the  dynamo  ;  requiring  a  greater  speed  of  the  dynamo  to 
maintain  the  voltage  as  lights  were  turned  off.  In  order  to 
construct  the  dynamos  upon  this  principle  it  became  necessary 
to  obtain  a  curve  of  efficiency  from  some  one  of  the  well-known 
water-wheels  in  use.  The  Dodd  sigmoidal  water-wheel  was 
selected  as  the  best  and  most  efficient  for  this  purpose. 
An  i8-in.  diameter  wheel  was  employed,  which  is  illustrated 
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Fig.  2. 

herewith  in  fig.  i,  under  a  head  or  fall  of  213  ft.,  and  the  curve 
of  efficiency — fig.  2 — was  obtained  by  running  the  wheel  empty 
and  gradually  increasing  the  load  from  time  to  time  until  the 
maximum  was  reached. 

This  curve  being  obtained  and  mapped  out,  the  proper  num- 
ber of  additional  series  turns  were  wound  upon  the  fields  of 
the  dynamo,  with  the  following  result  :  At  full  load  the  proper 
voltage  was  maintained  at  750  revolutions  per  minute  of  the 
armature,  and  when  only  one  lamp  was  burning  the  speed  was 
1,060  revolutions.  The  effect  was  that,  as  the  lights  were  turned 
ofif,  the  wheel  ran  faster  and  diminished  in  power,  yet  the  volt- 
age remained  practically  constant. 

The  dynamo  used  was  the  Wenstrom,  which  seemed  pecul- 
iarly adapted  for  this  kind  of  work  for  two  reasons  :  i.  The 
normal  speed  is  about  half  that  of  other  dynamos  of  the  same 


The  water-wheel  employed  is  perhaps  the  most  recent  inven- 
tion in  irs  class,  and  possesses  points  of  superiority  over  other 
wheels  that  perhaps  may  be  of  interest. 

Tangential  wheels  depend  for  their  high  efficiency  not  only 
upon  the  impact  of  the  stream  applied,  but  upon  the  reactionary 
effect  of  the  water  discharging  from  the  buckets  or  vanes. 
None  of  the  wheels  heretofore  have  taken  into  consideration 
the  effect  of  centrifugal  force  (generated  under  high  velocities) 
acting  upon  the  water  when  received  into  the  buckets.  In  the 
construction  of  the  Dodd  wheel  this  force  had  been  duly  con- 
sidered, with  the  result  that  the  discharge  of  the  water  takes 
place  on  each  side  of  the  wheel  at  a  point  of  greater  diamt  ter 
than  that  of  impact,  thus  utilizin.!^  a  greater  amount  of  the 
energy  applied  than  any  wheel  in  its  class  that  we  know  of. 
Fig.  3  illustrates  the  difference  in  lines  of  discharge  between  the 
Dodd  wheel  and  that  of  the  ordinary  tangential  wheel. 


^^^^=^^^irfff;  ':fr:^ ' 


Fig-  3. 

capacity.  2.  The  wires  of  the  armature  are  threaded  through 
the  iron  disk?,  making  a  practically  iron-clad  armature  ;  it 
being  impossible  for  any  wires  to  work  loose  at  any  speed  of 
the  machine. 

Mr.  Ryland  then  described  the  place  where  the  dynamo  was 
placed,  being  situated  near  the  bottom  of  a  deep  ravine  about 
300  ft.  from  the  hotel.  The  water  is  turned  on  at  6  o'clock  in 
the  evening  and  turned  off  at  i  o'clock,  without  any  further 
attention,  and  yet  lights  in  the  different  rooms  can  be  turned 
on  or  off  without  any  perceptible  change  in  the  brightness  of  the 
remaining  lights. 


A  Portable  Railroad  Drill. 


The  illustrations  given  herewith  show  a  portable  drill  intend- 
ed for  drilling  rails  and  similar  purposes.  As  will  be  seen  from 
the  engraving,  it  can  also  be  readily  adapted  to  the  use  of  bridge 
builders  and  structural  iron  workers.  By  removing  the  machine 
from  the  base  and  bolting  it  to  the  bench  it  can  be  used  as  a 
bench  drill  in  the  shop.     In  building  cable  roads  or  electric 


PORTABLE   RAILROAD   DRILL. 

roads  it  is  a  very  useful  tool.  The  makers  claim  that  it  will  do 
the  work  of  a  ratchet  drill  in  much  less  time,  while  it  can  be 
more  readily  applied  to  the  work.  The  special  chuck  holding 
the  rail  can  readily  be  removed  and  an  ordinary  chuck  put  on 
in  its  place. 

The  machine  is  provided  with'  an  emery  wheel  for  grinding 
up  the  drills  used — a  very  useful  feature  where  it  has  to  be  used 


at  a  distance  from  the  shop.  This  grinding  wheel  is  geared  to 
make  17  revolutions  to  one  of  the  crank,  and  can  be  brought 
into  use  by  turning  a  thumb-screw  which  brings  a  friction-wheel 
in  contact  with  the  fly  wheel. 

The  crank  is  on  the  same  shaft  with  the  balance-wheel,  and 
there  is  a  handle  on  the  balance-wheel,  so  that  two  men  can 
work  at  once.  The  feed  is  automatic,  with  five  changes.  The 
machine  shown  will  drill  holes  up  to  li  in.  in  diameter  and  4 
in.  deep.     As  usually   made   the   drill   socket   takes   a    Ji-in. 
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straight-shank  drill,  but  other  sizes  can  be  furnished,  or  the 
socket  can  be  removed  and  a  universal  chuck  substituted,  The 
machine  is  strongly  made,  and  will  stand  heavy  work  ;  it 
weighs  complete  about  200  lbs.,  and  the  base  is  provided  with 
wheels,  as  shown,  so  that  it  can  be  easily  moved  by  the  operator. 
Fig.  I  shows  the  machine  with  a  rail  in  position  ready  to 
drill  ;  fig.  2  shows  how  it  can  be  handled  to  drill  work  in  an  in- 
clined position.  These  machines  are  made  by  George  Burn- 
ham  &  Company,  at  Worcester,  Mass.,  who  are  well  known  as 
makers  of  light  drills  and  other  small  tools. 


A  Large  Gear  Wheel. 


The  accompanying  cut  shows  a  very  large  machine-cut  spur- 
gear  recently  made  by  the  Walker  Manufacturing  Company, 
Cleveland,  O.  This  wheel,  with  a  steel  pinion  made  by  the 
same  concern,  is  used  in  some  large  pumping  engines  for  re- 
moving water  from  a  diamond  mine  in  South  Africa. 

The  dimensions  of  the  wheel  shown  are  :  Number  of  teeth, 
IQ2  ;  diameter  to  pitch-line,  30  ft.  6.66  In.; 'face,  30  in.;  pitch 
of  teeth,  6  in.;  diameter  of  hub,  g  ft.  2  in.;  bore,  27  in.  The 
hub  alone  weighs  15  tons,  and  the  total  weight  of  the  wheel  is 
66i  tons. 

Some  conception  of  the  exactness  required  in  the  formation 
of  this  large  wheel  may  be  realized  when  known  that  the  owners. 


GEAR  WHEEL  BY  WALKER  MANUFACTURING  COMPANY. 

in  order  to  provide  for  a  possible  breakage,  ordered  one  seg- 
ment and  one  arm  additional,  the  requirements  of  which  were 
that  these  parts  might'  fill  any  position  in  the  wheel.  The 
wheel  was  fitfed  up  most  carefully  and  was  a  fine  piece  of 
machinery,  as  may  be  judged  from  the  illustration. 

This  gear,  with  the  steel  pinion,  was  the  only  part  of  the 
massive  pumping  machinery  which  was  made  in  this  country, 
the  balance  of  work  being  contracted  for  in  England.  In  reply 
to  an  inquiry  as  to  why  the  gears  had  been  singled  out  for 
manufacture  at  a  different  point  from  the  rest  of  the  machinery, 
the  Engineer  of  the  company  replied  that  he  thought  they  could 


rely  on  getting  a  superior  class  of  iron  in  America,  and  he  knew 
they  could  secure  as  perfect  work. 


General  Notes. 


The  business  of  the  old  firm  of  Riehle  Brothers,  in  Philadel- 
phia, has  been  divided  for  greater  convenience.  The  scale 
business  has  been  transferred  to  the  Riehle  Brothers  Scale  Com 
pany,  which  will  continue  at  the  factory,  Twenty-third  and  Fil- 
bert streets.  The  Riehle  Brothers  Testing  Machine  Company 
will  continue  its  office  at  413  Market  Street,  and  will  conduct 
the  business  of  manufacturing  testing  machines,  trucks.  Robie 
screw-jacks,  and  other  special  machinery  ;  also  the  iron  foundry 
and  general  machine  business. 

The  Wrought  Steel  Wheel  Company  has  been  organized  in 
New  Jersey  to  make  steel  car  wheels.     The  capital  stock  is 
$2,000,000.     Mr.  William   P.    Shinn,  of  Pittsburgh,  is   Presi- 
•  dent,  and  General  William  F.  Smith,  of  Philadelphia,  is  Treas- 
urer. 

An  ingot  weighing  32,000  lbs.  was  recently  cast  at  the  steel 
works  of  Carnegie,  Phipps  &  Company,  at  Homestead,  Pa. 
This  ingot  is  to  be  forged  into  an  armor-plate  80  in.  long  and 
23  in.  thick.  The  casting  was  made  in  a  sand  mould,  by  a  new 
process,  and  was  very  successful. 

The  shops  of  Tippitt  &  Wood,  in  Phillipsburg,  N.  J.,  are 
now  making  the  pipe  and  other  iron  work  for  the  new  plant  of 
the  Lehigh  Zinc  &  Iron  Company,  at  Freemansburg,  Pa.  These 
shops  are  also  making  stand-pipes  for  the  water-works  at  Lake 
Forest,  111.,  at  Defiance,  O.,  and  at  Portland,  Oregon. 

In  the  works  of  the  Pittsburgh  Reduction  Company  the  elec- 
trical force  used  in  reducing  aluminum  is  furnished  by  two 
Westinghouse  dynamos,  each  driven   by  a  200-H.P.  Westing 
house  compound  engine,  and  by  two  smaller  dynamos  driven 
by  one  125-H.P.  Westinghouse  standard  engine. 

The  Cowles  Electric  Smelting  &  Aluminum  Company,  Lock- 
port,  N.  Y.,  announces  that  aluminum  can  now  be  furnished  in 
ton  lots  at  50  cents  per  pound.  This  is  considerably  lower 
than  any  price  yet  made  for  this  metal. 

The  steamer  Corsica  left  Ashtabula,  O.,  July  10,  ran  to  Esca- 
naba,  there  loaded  2,607  tons  of  iron  ore,  and  returned  to  Ashta- 
bula, arriving  there  July  14.  The  total  time  of  the  round  trip 
was  4  days.  2  hours,  50  minutes.  Of  this  90  hours  14  minutes 
were  consumed  in  the  two  voyages,  and  8  hours  36  minutes  at 
Escanaba.  This  is  claimed  to  be  the  fastest  round  trip  ever 
made. 

There  is  a  considerable  amount  of  lighthouse  work  now 
going  on  on  the  lakes.  The  Cleveland  Shipbuilding  Company 
is  building  a  steel  lighthouse  tender,  and  the  Globe  Iron  Works 
Company,  at  Cleveland,  two  others.  The  Craig  Shipbuilding 
Company,  at  Toledo,  O.,  has  nearly  completed  three  loo-ft. 
wooden  lightships  for  lake  service.  The  contract  for  the  four 
steel  lightships,  Nos.  51,  52,  53  and  54 — which  were  described 
and  illustrated  in  the  Journal  for  August — has  been  let  to 
F.  W.  Wheeler  &  Company,  at  West  Bay  City,  Mich.  These 
boats  are  for  service  on  the  Atlantic  Coast. 

The  Rogers  Locomotive  Works,  Paterson,  N.  J.,  are  build- 
ing two  switching  and  eight  mogul  freight  engines  for  a  rail- 
road in  Cuba,  and  20  locomotives  for  the  Illinois  Central  Rail- 
road.    They  are  also  building  six  full  snow-plows. 

The  shops  of  the  Delaware,  Lackawanna  &  Western  Railroad 
at  Dover,  N.  J.,  are  building  100  new  box  cars.  These  cars 
are  all  to  be  equipped  with  the  Gould  coupler. 

The  Pratt  &  Whitney  Company,  Hartford,  Conn.,  has  re- 
cently completed  a  new  brick  building  300  X  45  ft.  and  two 
stories  high,  which  is  to  be  used  for  the  manufacture  of  small 
tools,  of  which  the  Company  makes  a  great  variety.  The  build- 
ing is  supplied  with  a  complete  plant  for  their  manufacture, 
and  power  is  supplied  by  a  75  H.P.  engine  in  the  basement. 

The  Erie  Car  Works,  Erie,  Pa.,  are  to  build  300  box  cars  for 
the  Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Railroad. 

At  a  meeting  held  in  Pittsburgh,  July  15,  the  stockholders  of 
the  Westinghouse  Electric  Company  unanimously  approved  the 
plan  of  reorganization  proposed,  and  elected  the  following  new 
board  of  directors  :  Lemuel  Bannister,  A.  M.  Byers,  George 
Westinghouse,  Jr.,  Pittsburgh  ;  August  Belmont,  Charles  Fair- 
child,  Marcelius  Hartley,  George  W.  Hebard,  Henry  B.  Hyde, 
Bray  ton  Ives,  New  York  ;  Charles  Francis  Adams,  Boston. 
By  the  plan  of  reorganization  adopted  $4,000,000  of  7  per  cent, 
cumulative  preferred  stock  is  created,  of  which  $3,000,000  has 
been  taken  at  par  by  the  reorganization  syndicate  to  care  for 
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the  company's  floating  debt  and  provide  additional  capital. 
The  assenting  stockholders  give  up  40  per  cent,  of  their  stock, 
aggregating  over  $2,500,000,  par  value,  for  the  use  of  the  com- 
pany, and  are  given  upon  the  60  per  cent,  of  stock  which  they 
retain  a  7  per  cent,  preference  over  the  small  amount  of  non- 
assenting  stock  remaining  out. 

The  Taylor  Iron  &  Steel  Company,  a  new  organization  with 
SI, 000, 000  capital  stock,  has  succeeded  to  the  old  and  well-known 
Taylor  Iron  Works  at  High  Bridge,  N.  J.  The  officers  are  : 
President,  Lewis  H.  Taylor  ;  Vice-President,  Robert  E.  Jen- 
nings ;  General  Manager,  William  T.  Taylor  ;  Secretary  and 
Treasurer,  T.  F.  Budlong.  The  company  has  acquired  the  right 
to  make  steel  and  steel  castings  under  the  Hadfield  patents. 

A  STEEL  car  has  been  patented  by  Mr.  H.  C.  Hodges,  Presi- 
dent of  the  Detroit  Lubricator  Company,  and  plans  have  been 
prepared  for  its  construction.  It  is  proposed  to  build  a  car  68 
ft.  long,  with  a  capacity  of  120,000  lbs.  of  freight,  and  the  in- 
ventor claims  that  this  car  will  weigh  only  40,000  lbs.  empty. 
The  advantage  of  increasing  the  load  and  decreasing  the  num- 
ber of  cars  is  well  known.  Mr.  Hodges*  car  is  designed  to 
combine  the  greatest  possible  strength  with  simplicity  of  con- 
struction. 

The  St.  Charles  Car  Works,  St.  Charles,  Mo.,  have  just  com- 
pleted for  the  Jacksonville  Southeastern  line  two  beautiful  chair 
cars.  The  body  is  finished  wine  color,  and  has  the  shield  of  the 
road  in  the  center  of  the  coach.  The  interior  decoration  of  these 
cars  is  elegant  mahogany  finish,  and  they  have  a  very  spacious 
smoking-room,  upholstered  in  embossed  leather.  The  cars  are 
heated  by  steam  from  the  engine,  and  have  the  Scarritt  latest  im- 
proved twin  chairs,  which  are  covered  with  olive  figured  plush,  to 
match  the  finish  of  the  cars. 

The  Wabash  road  has  lately  given  an  order  to  the  St.  Charles 
Works  for  six  elegant  passenger  coaches,  to  be  64  ft.  long,  to 
have  smoking  room  and  all  the  latest  conveniences  that  can  be 
put  into  a  coach.  They  built  and  delivered  to  the  Wabash  last 
month  250  box  cars. 


An  Opportunity  for  Practical  Instruction. 


The  evening  class  in  Steam  Engineering  will  open  at  the 
Young  Men's  Institute,  No.  222  Bowery,  New  York,  on  Sep- 
tember 30,  and  will  be  continued  through  the  winter  until  April 
27.  This  class  is  under  the  charge  of  Mr.  William  H.  Weight- 
man,  who  has  conducted  it  very  successfully  in  previous  years, 
and  is  exceptionally  well  qualified  for  the  work. 

This  class  offers  a  good  chance  for  instruction  to  young  men 
who  are  anxious  to  learn  and  to  advance  themselves  in  their 
business.  The  total  cost  of  the  winter  course  is  between  $10 
and  $11  only,  and  this  includes  a  year's  membership  in  the  In- 
stitute, with  all  its  advantages.  Further  information  can  be 
had  by  application  to  the  Secretary  at  No.  222  Bowery. 


Baltimore  Notes. 


The  work  of  excavating  for  the  Belt  Railroad  Tunnel  has 
progressed  so  far  from  the  shafts  that  it  is  now  necessary  to  use 
some  kind  of  power  in  moving  the  cars  which  run  on  the  nar- 
row-gauge construction  railroads  that  are  laid  in  the  tunnel,  and 
upon  which  the  earth  is  hauled  out,  and  the  lime,  brick,  sand, 
and  cement  carried  up  to  the  headings  and  side  drifts.  Steam 
locomotives  will  not  do,  as  they  give  out  smoke,  and  the  time 
is  approaching  when  apparatus  will  be  required  for  giving  fresh 
air  to  the  miners  and  workmen.  The  plant  for  an  air  com- 
pressor is  now  being  put  up  at  the  lot  corner  of  Park  Avenue 
and  Preston  Street  to  supply  fresh  air  to  all  of  the  shafts.  An 
electric  motor  has  been  found  impracticable  for  hauling  the  cars 
in  the  tunnel,  as  one  would  be  required  for  every  train  ;  so  the 
contractors  are  now  experimenting  with  a  plant  that  will  use 
the  trolley  system.  In  some  places  the  roof  is  so  low  that  a 
long,  rigid,  upright  trolley  pole  will  not  allow  the  work  trains 
to  run  up  into  the  low  headings,  and  a  trolley  has  been  devised 
to  work  with  a  double  rod,  each  one  having  a  hinge  or  knuckle 
in  the  center,  and  it  can  double  up  and  lie  almost  flat  on  top  of 
the  car  in  either  direction,  when  its  full-length  extension  would 
be  obstructed  by  the  earth  or  over  head  timbering. 

The  Wenstrom  Dynamo  &  Motor  Company,  located  at  Cal- 
verton,  suspended  operations  temporarily  on  August  18,  throw- 
ing about  70  men  out  of  employment,  and  causing  much  dis- 
satisfaction, as  the  men  were  not  paid  off.  The  trouble  is  said 
to  be  due  to  some  difficulty  arising  between  the  stockholders 
and  bondholders  of  the  Company,  which,  it  is  said,  will  be 
amicably  adjusted. 

It  is  reported  that  the  Baltimore  &  Ohio  Southwestern  Rail- 


road Company  has  purchased  a  large  tract  of  land  in  Belpre,  O.. 
opposite  Parkersburg,  W.  Va.,  adjoining  the  cattle-yards  and 
hotel  property  of  the  Company,  and  that  a  number  of  switches 
will  be  laid,  upon  which  the  heavy  engines  will  be  run,  instead 
of  crossing  the  river  to  the  West  Virginia  side,  as  has  been  done 
in  the  past. 

The  Baltimore  &  Ohio  and  the  Baltimore  &  Ohio  South- 
western are  having  some  very  handsome  cars  built  at  Pullman, 
which  are  intended  for  a  through  line  to  Cincinnati,  connecting 
at  Baltimore  with  the  "  Royal  Blue  Line"  for  New  York,  mak- 
ing a  splendid  service  through  from  New  York  to  Cincinnati. 
The  cars,  coaches  and  baggage  cars  will  all  be  painted  the 
Pullman  standard  color,  and  will  all  be  lettered  "  New  York, 
Washington,  Cincinnati  &  St.  Louis  ;"  the  cars  belonging  to 
the  Baltimore  &  Ohio  to  have  the  coat-of-arms  of  Maryland  on 
the  side,  and  those  belonging  to  the  Baltimore  &  Ohio  South- 
western the  coat-of-arms  of  Ohio.  The  train  will  probably  be 
called  the  "  B.  &  O.  Southwestern  Limited,"  this  marking 
being  placed  on  the  side  of  the  baggage  car.  These  cars  will 
be  vestibuled,  and  will  be  carpeted  and  have  window  curtains, 
the  designs  of  the  interior  finish  being  all  fresh  and  new,  and 
the  lighting  will  be  by  Pintsch  gas. 


Paint. 

A  large  number  of  tests,  made  by  painters  who  have  no  per- 
sonal interest  in  the  matter,  have,  it  is  claimed,  proved  that 
Dixon's  graphite  paint  will  cover  a  much  larger  surface  than 
any  other  lead  or  mineral  paint.  Some  20  years'  experience 
has  also  proved  that  on  metal  work— a  tin  roof,  for  instance — it 
will  last  from  10  to  15  years  before  repainting  is  needed.  .  This 
is  a  remarkable  durability. 


PERSONALS. 


W.  B.  W.  HovkTE,  Jr.,  has  resigned  his  position  as  Chief  En- 
gineer of  the  Savannah,  Florida  &  Western  Railroad. 

Stephen  Little,  formerly  connected  with  the  Erie,  the 
Northern  Central,  and  some  other  roads,  is  now  Controller  of 
the  Denver  &  Rio  Grande  Company. 

D.  B.  Robinson,  for  some  years  past  General  Manager  of  the 
Atlantic  &  Pacific  Railroad,  is  now  General  Manager  of  the  San 
Antonio  &  Aransas  Pass  Railroad  in  Texas. 

Samuel  Garwood  has  been  chosen  Vice-President  of  the 
American  Steel  Wheel  Company  of  Boston.  He  was  recently 
connected  with  the  Philadelphia  &  Reading  Railroad. 

F.  H.  Robinson,  recently  Assistant  Engineer  of  the  Phila- 
delphia, Wilmington  &  Baltimore  Railroad,  has  been  chosen 
Professor  of  Civil  Engineering  in  Delaware  College  at  New- 
ark, Del. 

J.  A.  Droege  has  been  appointed  Superintendent  of  the  Mid- 
dle Georgia  &  Atlantic  Railroad,  with  office  at  Eatonton,  Ga. 
He  was  recently  connected  with  the  East  Tennessee,  Virginia  & 
Georgia  Railroad. 

N.  O.  Whitney,  for  some  years  past  Assistant  to  the  Chief 
Engineer  of  the  Pennsylvania  Company,  has  resigned  that  posi- 
tion to  become  Professor  of  Railroad  Engineering  in  the  Uni- 
versity of  Wisconsin. 

Robert  H.  Campbell  has  been  appointed  General  Superin- 
tendent of  the  Trans-Ohio  Divisions  of  the  Baltimore  &  Ohio 
Railroad,  with  headquarters  in  Chicago,  succeeding  Edward 
Dickinson,  who  has  resigned. 

T.  J.  Nicholl,  recently  on  the  Louisville,  New  Orleans  & 
Texas,  has  opened  an  office  as  Consulting  Engineer  at  No.  206 
Cass  Street,  Chicago.  Mr.  Nicholl  has  had  an  extensive  ex- 
perience in  bridge  and  railroad  work. 

Sanford  Keeler  has  resigned  hts  position  as  Superintendent 
of  the  Flint  &  Pere  Marquette  Railroad,  after  31  years'  service 
on  the  road  in  various  positions.  W.  A.  Potter,  late  Assist- 
ant Superintendent,  succeeds  Mr.  Keeler. 

C.  F.  Musselman,  for  four  years  past  General  Foreman  of 
the  shops,  has  been  appointed  Master  Mechanic  and  Master 
Car  Builder  of  the  Cincinnati,  Portsmouth  &  Virginia  Railroad, 
with  office  in  Portsmouth.  O.  He  succeeds  J.  C.  Homer,  who 
resigned  to  accept  service  elsewhere. 

Octave  Chanute,  President  of  the  American  Society  of 
Civil  Engineers,  is  now  devoting  special  attention  to  the  pres- 
ervation of  ties  and  timber,  of  which  he  has  made  a  careful 
study  for  some  years  past.  Mr.  Chanute  is  prepared  to  design 
or  erect  works  for  the  treatment  of  timber,  and  to  conduct  tests 
or  experiments  in  this  direction. 
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James  R.  Ogden,  who  died  in  Knoxville,  Tenn.,  August  i, 
aged  54  years,  was  for  many  years  connected  with  the  East 
Tennessee,  Virginia  &  Georgia  Railroad,  and  was  General 
Freight  Agent  of  that  road  for  20  years.  He  left  that  road  in 
1836,  and  was  for  a  year  Vice-Commissioner  of  the  Southern 
Railroad  &  Steamship  Association.  In  1887  he  became  Presi- 
dent of  the  Knoxville  Car-Wheel  Works  and  the  Knoxville  Iron 
Company,  and  continued  in  that  position  until  his  death. 


Wamer  L.  Brago,  who  died  at  Avon-by-the-Sea,  N.  J., 
August  21,  aged  53  years,  was  born  in  Alabama,  and  lived  in 
that  Slate  or  in  Arkansas  all  his  life.  He  served  in  the  Con- 
ffderate  Army  tluring  the  war.  In  i88i  he  was  appointed  Pres- 
ident of  the  Alabama  Railroad  Commission,  and  held  that 
office  till  1887,  when  he  was  appointed  one  of  the  first  members 
of  the  Interstate  Commerce  Commission.  He  held  that  posi- 
tion until  his  death.  He  was  a  hard  worker,  and  was  a  most 
active  and  useful  member  of  the  Commission. 


William  W.  Wilson,  who  died  in  Chicago,  August  10,  aged 
59  years,  was  born  in  Rochester,  N.  Y.,  and  served  an  appren- 
ticeship in  the  old  Erie  shops  at  Dunkirk.  After  working  on 
various  roads  he  was  made  General  Foreipan  of  the  Galena  & 
Chicago  Union  shops  in  Chicago  in  1859.  I"  ^865  he  was  ap- 
pointed Division  Master  Mechanic  on  the  Chicago,  Burling- 
ton &  Quincy,  and  in  1875  was  made  General  Master  Mechanic 
ot  the  road.  In  1S79  he  left  to  become  Master  Mechanic  of  the 
Wabash,  and  in  18S0  was  appointed  Superintendent  of  Ma- 
chinery of  the  Chicago  tS:  Alton  Railroad.  That  position  he 
held  until  a  year  ago,  when  he  resigned  on  account  of  ill  health  ; 
he  has  since  been  unable  to  undertake  any  active  work. 


John  Luther  Ringwalt,  who  died  in  Philadelphia,  July  29, 
had  been  for  16  years  editor  of  the  Raihvay  World  of  that  city. 
He  was  born  in  Lancaster,  Pa.,  in  1S28,  and  began  work  in  a 
newspaper  office  at  an  early  age.  He  was  connected  with  sev- 
eral papers,  including  the  Philadelphia  Press,  and  in  1875  be- 
came editor  of  the  A'aihvay  World,  having  previously  been  an 
occasional  contributor  to  its  predecessor,  the  Railroad  &*  Min- 
i/i:;  Register.  For  some  time  he  continued  his  labors  on  the 
Press,  but  during  the  last  15  years  the  bulk  of  his  literary  labor 
has  appeared  in  its  columns.  He  had,  however,  done  much 
incidental  writing  for  other  journals,  among  which  may  be 
named  the  Philadelphia  Inquirer.  Mr.  Ringwalt  also  published 
two  books  requiring  much  labor,  the  American  Encyclopaedia 
of  Printing  and  the  Development  of  Transportation  Systems 
in  the  United  States.  He  was  a  hard — almost  an  incessant — 
worker,  but  foufid  time  to  make  many  friends,  who  will  most 
sincerely  regret  his  loss. 

John  S.  Gilkert,  who  died  at  Fort  Montgomery,  N.  Y., 
August  13,  aged  90  years,  was  born  in  East  Haddam,  Conn. 
In  his  youlh  he  learned  the  trade  of  a  ship's  joiner.  While  en- 
gaged in  this  work  in  New  York  he  began  to  study  into  the  ques- 
tion of  improving  the  methods  of  getting  big  ships  out  on  a  dock 
so  that  repairs  might  be  made  more  handily.  After  his  work  for 
the  day  was  over  he  would  pass  evenings  in  studying  out  im- 
provements, and  as  a  result  invented  finally  the  balance  dry 
duck.  His  success  in  life  was  from  that  moment  assured,  and 
soon  he  was  engaged  in  building  the  dry  docks  all  over  the 
world,  and  became  as  well  a  naval  architect.  He  lived  for 
many  years  in  New  York,  and  there  organized  the  original 
New  York  Dry  Dock  Company,  and  over  40  years  ago  built  the 
Erie  Basin  dry  dock.  Afterward  came  an  appointment  as  Naval 
Constructor  at  Washington,  an  office  that  he  held  for  several 
years.  He  built  large  dry  docks  at  Kittery,  Me.,  and  at  Charles- 
ton, and  superintended  the  construction  of  that  at  Mare  Island. 
Abroad  he  earned  the  title  of  Naval  Constructor  from  the  Aus- 
trian Government,  and  received  various  honors  from  Archduke 
Ma.ximilian.  He  retired  from  business  about  30  years  ago,  with 
a  moderate  fortune. 


PROCEEDINGS  OF    SOCIETIES. 


Engineers'  Society  of  Western  Pennsylvania. — At  the 
regular  meeting  in  Pittsburgh,  June  16,  Mr.  C.  Davis  reported 
that  the  Library  Fund  was  very  low,  and  suggested  that  those 
who  felt  so  disposed  could  or  should  donate  toward  this  fund 
to  pay  for  the  binding  of  the  unbound  volumes  now  on  hand, 
the  donations  to  be  sent  to  Mr.  C.  Davis,  or  to  the  treasurer, 


There  being  no  further  business,  the  paper  of  the  evening 
was  read  by  Mr.  Harry  J.  Lewis,  on  Bridge  Design,  This 
was  generally  discussed  by  members  present. 

Technical  Society  of  the  Pacific  Coast. — At  the  regular 
meeting  in  San  Francisco,  July  3,  eight  new  members  were  ad- 
mitted. 

Two  papers  were  presented  :  one  on  Abrasive  Processes  in 
the  Mechanic  Arts,  by  Mr.  J.  Richards,  and  one  by  Mr.  Mars- 
den  Manses,  C.E.,  former  President  of  the  Society,  on  the 
Physical  and  Geological  Traces  of  Permanent  Cyclone  Belts. 

These  papers  had  a  peculiar  interest.  The  first  because  it 
treated  on  a  subject  that  has  scant  recognition  in  technical 
literature,  and  the  second,  because  it  enters  upon  a  bold  hvpothe- 
sis,  supported,  however,  by  much  observable  data.  Both  of 
these  papers  will  be  published  in  an  early  bulletin  of  the  So- 
ciety.   

At  the  regular  meeting  in  San  Francisco,  August  7,  A.  J. 
Brownlie,  F.  T.  Newberry  and  Emil  Neuraan  were  elected 
members. 

Mr.  Hubert  Vischer  read  a  paper  on  the  use  of  the  figure  9  in 
arithmetical  calculations  as  an  aid  to  engineers  in  their  com- 
putations, and  President  John  Richards  delivered  an  address 
on  Natural  Standards,  referring  particularly  to  meter,  pendu- 
lum and  contact  gauges  in  mechanical  work. 


Master  Car  &  Locomotive  Painters'  Association. — The 
22d  annual  convention  will  be  held  in  Washington,  beginning 
September  9.     The  Arlington  Hotel  will  be  headquarters. 

A  cordial  invitation  is  extended  to  all  foremen  car  and  loco- 
motive painters  throughout  the  States  and  Canada,  to  meet  in 
convention  ;  this  being  the  first  meeting  at  the  National  Capi- 
tal, affords  an  opportunity  to  visit  many  places  of  interest  after 
the  close  of  the  session. 


American  Association  for  the  Advancement  of  Science.— 
The  40th  annual  meeting  began  in  Washington,  August  K). 
The  meeting  was  called  to  order  by  the  retiring  President, 
Professor  George  L.  Goodale,  of  Harvard  University,  who  in 
troduced  the  President-elect,  Professor  Albert  B.  Prescott,  of 
Michigan  University.  Addresses  of  welcome  were  made  by 
Hon.  Edwin  Willits,  Assistant  Secretary  of  Agriculture,  and  Dr. 
J.  C.  Welling,  President  of  the  Columbian  University.  These 
addresses  were  responded  to  by  Dr.  Prescott. 

An  amendment  to  the  constitution  was  proposed  at  the  last 
meeting,  providing  for  the  election  of  foreigners  as  correspond- 
ing members  of  the  Association.  The  amendment  was  carried 
by  an  almost  unanimous  vote. 


NOTES  AND  NEWS. 


A  Well  Water  Filter.— The  accompanying  sketch,  from 
Indian  Engineering,  shows  a  cheap  and  simple  filter  for  wells 

which  was  designed  by 
Mr.  Henry  W.  Allen  and 
has  been  extensively  used 
in  the  Madras  Presidency. 
The  device  seems  to  be  a 
very  good  one  for  wells 
and  cisterns  of  doubtful 
water  which  must  be  used 
until  a  better  supply  can 
be  found. 

Two  baskets  are  used, 
with  the  space  between  the 
baskets  filled  with  char- 
coal, coarse  sand  and 
gravel.  They  are  sus- 
pended in  the  well,  as  per 
sketch,  and  the  well  water, 
in  percolating  to  the  inner 
basket  to  replace  water 
as  drawn,  gets  well  fil- 
tered. The  outer  basket 
is  made  6  ft.  in  diameter, 
and  strengthened  by  cross-bracmg  with  the  inner  basket. 

Measuring  Bridge  Strains. — M.  I.e  Chatelier  describes  in 
a  recent  number  of  the  Annates  des  Po7its  et  Ckauss^ts  a  method 
which  he  had  adopted  for  measuring  the  strains  in  the  members  of 
an  iron  or  steel  bridge.  For  this  purpose  a  bracket  carrying  a 
lathe  center  is  attached  by  small  screws  to  the  member  the 
strain  in  which  is  to  be  measured.  At  another  point  of  this  bar 
a  second  bracket  is  fixed,  in  which  slides  a  short  steel  rod 
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pointed  at  both  ends  like  a  lathe  center.  Attached  to  the  same 
bracket  is  a  water  chamber  closed  by  a  flex'.ble  diaphragm  of 
German  silver  and  connected  to  a  fine  open  lube,  in  which  the 
water,  on  being  expelled  from  the  chamber,  flows  and  serves  to 
measure  on  a  highly  magnified  scale  any  motion  of  the 
diaphragm.  One  end  of  the  double-centered  rod  presses  against 
this  diaphragm,  and  a  bar  is  supported 
on  the  other  center  point  of  this  rod  and 
on  that  of  the  fixed  bracket  before  men- 
tioned. Any  extension  of  the  bridge 
member,  therefore,  causes  a  motion  of 
the  diaphragm  and  a  fall  of  the  water 
in  the  fine  tube.  Successful  measure- 
ments are  said  to  have  been  made  on 
this  system  when  the  fixed  points  be- 
tween which  the  extension  was  taken 
were  only  8  in.  apart. 

An  Old  Method  of  Building  Arches. 
— The  accompanying  cuts,  from  le  Genie 
Civi/  shovt  a  method  of  building  arched 
conduits  used  by  the  Persians  in  ancient 
times.  The  conduits  uncovered  at 
Khorsabad  have  semi-circular  (fig.  i)  and 
ogival  (fig.  2)  sections  ;  a  few  are  also 
elliptical,  but  all  are  built  in  the  man- 
ner shown. 

The  ogival  arches  are  not  closed  by 
a  key-stone,  the  opening  at  the  top  of  the  brick  courses  being 
filled  by  clay  well  rammed  down.  In  building,  the  mason 
evidently  began  his  work  of  arching  by  forming  inclined  bases 
on  the  side  walls,  on  which  the  first  course  of  the  arch  was  started. 
The  succeeding  courses  followed  the  inclination  of  the  first. 


An  Electric  Launch.— The  cut  given  herewith,  from  the 
Steamship,  shows  a  pinnace  built  by  Woodhouse  &  Rawson,  of 
London,  in  which  the  screw  is  worked  by  an  electric  motor. 
The  power  is  furnished  by  storage  batteries  carried  on  the  boat. 
She  is  named  Electric,  was  specially  constructed  for  the  con- 
veyance of  troops,  and  is  used  for  that  purpose  between  the 
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The  method  was  certainly  ingenious.  It' has  the  advantages 
of  dispensing  with  the  use  of  arches,  and  of  quickness  in  ex- 
ecution. Modern  masons  may  take  some  hints  from  their  old 
Persian  predecessors. 
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dockyards  at  Chatham  and  Sheerness.  The  craft  is  4S  ft.  6  in. 
in  length  over  all  by  8  ft.  9  in.  beam,  with  an  average  draft  of 
2  ft.  3  in.,  her  full  complement  being  40  fully  equipped  soldiers. 
Her  speed  averages  eight  knots  per  hour,  and  for  cases  of 
emergency  she  is  fitted  with  two  masts,  two  balance  lug  sails, 
and  a  stay  sail,  thus  enabling  her  to  be  sailed  or  propelled  elec- 
trically, and  to  do  th?  same  as  a  steam  pinnace  of  her  size. 
Messrs.  Woodhouse  &  Rawson  have  a  special  accumulator 
which  has  been  under  test  for  several  months,  and  which  has 
given  remarkable  results  ;  and  the  employment  of  this  accumu- 
lator for  launches  is  expected  to  lead  to  considerable  extension 
in  the  immediate  future.  It  is  claimed  that  the  use  of  electric 
pinnaces  presents  considerable  advantages  over  the  existing 
type  of  steam  pinnace,  because  not  only  is  the  electric  pinnace 
always  ready  for  use  at  a  moment's  notice,  but  the  carrying 
capacity  for  size  and  accommodation  is  considerably  greater 
than  that  of  a  steam  pinnace.  The  actual  cost  of  propulsion  per 
mile  does  not  exceed  that  of  steam  vessels  with  similar  carry- 
ing capacity  :  and  one  great  advantage  is  that  no  skilled  liands 
are  required  for  stoking  and  engineering  purposes. 

The  Congo  Railroad  — A  section  of  the  Congo  RaUroad 
from  Matadi  to  the  Leopold  Ravine,  two  miles,  has  been 
opened,  and  the  first  Belgian  locomotives  are  running  within 
sound  of  the  Falls  of  Yellala,  the  insurmountable  impediment 
that  is  met  by  steamers  ascending  the  lower  Congo.  Of  course 
there  is  no  passenger  traffic  yet,  but  the  locomotives  and  loton 
trucks  are  greatly  expediting  the  work  of  road  building,  by 
facilitating  the  transport  of  earth,  stone,  and  other  material. 
It  is  expected  next  month  that  4,000  men  will  be  at  work  on 
different  points  of  the  line  which  is  to  connect  Matadi,  at  the 
head  of  navigation  on  the  lower  Congo,  with  Leo{>oldville  on 
Stanley  Pool,  235  miles  away.  The  work,  thus  far.  has  pro- 
gressed satisfactorily,  and  the  engineers  anticipate  no  serious  im- 
pediments.— Goldthrvaite' s  Geographical  Magazine. 

A  California  Mining  Plant. — The  Dalmatia  Mine  and  mills 
are  situated  far  up  in  the  California  mountains  distant  from 
Placerville,  the  nearest  railroad  station,  about  15  miles,  and 
nearly  60  miles  northeast  of  Sacramento.  The  mining  camp 
of  Kelsey.  where  the  Dalmatia  Mine  is  located,  js  1,500  ft. 
above  the  sea.  Fuel  is  dear,  and  the  question  of  obtaining 
power  for  operating  the  mills  is  a  serious  one.  The  mine  is 
owned  by  an  English  syndicate,  and  is  under  the  management 
of  Mr.  G.  C.  Pearson.  After  considerable  deliberation  it  was 
decided  to  install  an  electrical  power  plant.  The  nearest  water 
is  Rock  Creek,  a  stream  running  down  from  the  mountains  into 
the  western  fork  of  the  American  River.  The  creek  was  tapped 
about  two  miles  above  the  point  where  it  empties  into  the  river, 
and  the  water  was  then  led  through  ditches  dug  and  blasted 
along  through  the  rocky  soil  until  a  point  was  reached  about 
100  ft.  above  the  river  and  200  ft.  away  from  it  ;  at  the  junction 
close  down  by  the  river  bank  was  placed  the  power  station,  and 
the  water  is  led  into  it  through  an  iron  pipe  28  in.  in  diameter 
running  down  the  hill-side.  At  the  power  house  is  installed  a 
large  Pelton  water-wheel  that  drives  a  jack-shaft  to  which  is 
belted  a  Brush  compound  wound  generator  giving  1,800  volts 
and  40  ampferes.  The  current  from  this  is  led  through  a  circuit 
of  No.  3  copper  wire  over  the  mountains  to  the  mills  one  and 
a  half  miles  distant  from  the  power  bouse.    The  complete  cir* 
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cuit  is  therefore  a  little  more  than  three  miles  in  length.  Here 
the  motor  equipment  is  situated  and  drives  the  stamps,  settlers, 
and  other  mining  machinery.  The  plant  was  installed  by  Mr. 
H.  S.  Connor,  the  electrician  of  the  Brush  Electric  Company, 
and  from  the  very  start  has  given  excellent  satisfaction.  Mr. 
Pearson,  the  Manager  of  the  mine,  is  so  thoroughly  pleased 
with  the  installation,  that  he  is  now  considering  the  possibilities 
of  the  American  River  as  a  source  of  future  power.  It  is  a 
considerable  stream,  and  an  enormous  amount  of  energy  is 
running  to  waste  that  might  well  be  utilized  in  mining  opera- 
tions throughou:  the  surrounding  country.  Altogether  the  Dal- 
matia  plant  is  a  capital  specimen  of  the  economical  and  effective 
way  in  which  electric  power  can  be  utilized. — Electtical  World. 

The  Grunthal  Bridge. — The  accompanying  illustration 
shows  the  high  bridge  over  the  Baltic-North  Sea  Ship  Canal  at 
Grunthal,  which  is  a  notable  structure.  It  has  a  span  of  156.5 
meters  (513.3  ft.);  a  clear  height  of  42  m.  (137.8  ft.)  above 
water-level  of  the  canal,  and  of  51.3  m.  (168.3  ^^O  above  the 
canal  bed. 

The  bridge  shown  in  this  sketch  spans  the  canal  near  the 
center  of  the  Grunthal  cut,  the  heaviest  work  on  its  whole 
length. 


The  Australian  Intercolonial  Railroad. — The  links  of  the 
Intercolonial  Railroad  chain  are  not  yet  complete  ;  and  while 
South  Australia  is  preparing  the  way  for  a  line  to  directly  tap 
the  rich  pastoral  districts  of  Southwestero^ueensland,  and  thus 
draw  their  trade  to  her  own  northern  ports,  the  people  of  the 
Barrier  silver  fields  are  earnestly  agitating  for  a  railroad  to  con- 
nect Broken  Hill  with  the  New  South  Wales  system  at  Cobar, 
and  thus  complete  direct  rail  communication  between  Adelaide 
and  Sydney.  But  an  infinitely  vaster  and  more  important 
project  than  any  of  these  is  that  for  the  connection  of  Perth 
with  Port  Augusta.  The  project  has  for  some  years  past  been 
before  the  public  of  both  South  and  West  Australia,  but  in  the 
former  colony  was  shelved  as  impracticably  expensive  and 
probably  unremunerative,  while  in  the  latter  want  of  means  and 
a  certain  lack  of  enterprise,  coupled  with  the  uselessness  of 
moving  in  the  matter  without  South  Australia's  co  operation, 
have  combined  to  prevent  the  taking  of  active  steps  for  the 
realization  of  the  scheme.  Now,  however,  we  hear  that  both 
South  and  West  Australia  have  been  stirred  into  progressive 
action  ;  that  the  former  colony  is  preparing  to  make  a  survey 
of  the  proposed  line  to  her  own  border  at  Eucla,  the  lone  tele- 
graph station  on  the  Great  Australian  Bight,  which  is  jointly 
maintained  by  the  two  colonies.     In  West  Australia  more  de- 
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The  lower  part  of  the  cut  shows  the  cross-section  adopted  for 
the  canal  ;  on  one  side  the  section  in  the  cutting  at  the  bridge 
is  given,  and  on  the  other  the  section  in  open  country. 

At  the  point  where  the  bridge  crosses  the  bank  is  21.5  m. 
(70.5  ft.)  above  the  water-level,  and  the  depth  of  the  canal  is  9.3 
m.  (30.5  ft.).  The  cutting  is  in  earth,  the  soil  being  light  and 
sandy. 

California  PetroleuiA. — The  present  petroleum  product  on 
the  Pacific  Coast  is  set  down  as  1,300  barrels  daily,  of  which  40 
per  cent,  is  made  into  a  fuel  product,  used  for  gas  and  for  fuel. 
There  is  but  little  paralfine  in  California  coal  oil  ;  the  residue, 
corresponding  to  parafline  in  Eastern  oils,  is  pitch,  or  asphaltum, 
as  it  is  usually  called,  and  is  used  for  varnishing,  painting, 
coating  pipes,  and  in  street  pavement  construction. — Industry, 
San  Francisco. 

Aluminium  Iron  by  the  Stefanite  Process. — In  this  process 
aluminium  is  introduced  into  the  iron  while  the  latter  ii  in  a 
molten  condition,  either  in  the  cupola  or  in  the  puddling  fur- 
nace. The  separation  of  the  aluminium  from  its  mineral  takes 
place  during  the  operation  with  the  melting  of  the  iron,  the  new 
formed  metal  combining  itself  at  once  with  the  iron.  It  is 
known  that  aluminium  in  a  very  small  proportion  lowers  the 
melting  point  of  iron  and  steel,  and  that  it  makes  these  metals 
very  fluid  in  such  a  way  that  they  can  be  cast  easily  and  without 
blow-holes.  The  adoption  of  this  process  has  been  heretofore 
prevented  by  the  high  price  of  aluminium,  but  the  great  re- 
duction recently  made  will  do  away  with  this  objection.  The 
Stefanite  process  was  specially  intended  to  reduce  the  price  of 
production,  and  the  trials  made  with  it  heretofore  have  been  in 
Germany. 

The  operation  consists  in  the  addition  to  the  iron  in  the  fur- 
nace or  cupola  of  emery  and  alum,  either  in  powder  or  formed 
into  briquettes.  It  seems  that  the  reaction  of  the  alum  on  the 
emery  produces  rretallic  aluminium  in  the  form  of  a  vapor, 
which  at  once  unites  with  the  iron  and  gives  the  latter  the  spe- 
cial qualities  which  have  heretofore  only  been  obtained  by  the 
addition  of  aluminium  to  iron  or  steel  in  the  crucible.  The 
process  of  casting  does  not  again  volatilize  the  aluminium, 
which  remains  combined  with  the  iron.  When  the  addition  is 
made  to  iron  in  the  puddling  furnace  the  wrought  iron  produced 
canv'^e  hardened  and  tempered  like  steel,  and  its  tensile 
strini^th,  is  considerably  increased. — Revue  Scientijiqut. 


cisive  action  has,  we  are  informed,  been  taken,  and  its  pre- 
mier, Mr.  Forrest,  has  actually  signed  a  provisional  agreement 
with  a  syndicate,  said  to  represent  a  number  of  British  capital- 
ists, for  the  construction  of  the  line  to  Eucla. — Iron. 

The  Japanese  Geodetic  Survey. — According  to  the  Proceed- 
ings of  the  Royal  Geographical  Society,  the  Japanese  Govern- 
ment surveys  are  making  excellent  progress.  A  general  map 
of  Japan  on  a  scale  of  i  :  200,000  was  commenced  16  years 
ago,  and  is  now  published  (in  77  sheets)  for  the  whole  of  the 
islands  except  Yezo.  This  is.  however,  considered  merely  as  a 
provisional  publication,  being  based  on  Japanese  methods  of 
work,  and  therefore  not  to  be  relied  on  for  accuracy.  A  mod- 
ern survey  was  commenced  11  years  ago,  with  triangulation  of 
four  orders,  and  depending  on  some  five  base-lines.  Copper- 
plate, photogravure,  and  lithography  are  employed  in  the  repro- 
duction of  these  maps,  and  few  if  any  Europeans  are  cm- 
ployed.  The  work  appears  to  be  excellent.  Only  a  small  pro- 
portion is  completed,  and  it  will  be  many  years  before  the  whole 
is  finished.  About  300  of  the  published  sheets  can  now  be 
bought :  the  scale  is  i  :  20,000.  A  map  on  a  scale  of  i  :  100,000 
is  also  being  prepared,  based  on  the  i  :  20,000  map,  but  no 
sheets  are  yet  for  sale.  The  names  on  these  maps  are  in  Japanese 
characters.  In  the  Geological  Survey  of  Japan  reconnoissance 
map,  Roman  characters  are  used,  and  i  :  400,000  is  the  scale. 

SnoD7  in  Fortification. — Experiments  were  recently  made  in 
Russia  to  determine  the  resisting  power  of  snow  walls  against 

artillery.  Two  walls  of  snow  were  built  up  and  fired  against  at 
a  distance  of  600  yards  by  field  artillery.  The  balls  penetrated 
a  distance  of  18  ft.  into  the  walls. 

The  Russians  have  also  been  recently  trying  infantry  firing 
at  snow  walls.  The  men  of  the  Eighty-first  Infantry  Regiment, 
under  the  superintendence  of  General  Count  Boref,  built  a  wall 
about  50  ft.  long,  18  ft.  thick,  and  4^2  ^^-  ^is^-  Behind  the 
walls  were  placed,  at  equal  intervals,  four  targets,  at  each  of 
which  four  volleys  were  fired,  at  distances  of  800.  400,  200,  and 
100  paces. 

The  penetrating  powers  of  the  volleys  were  :  At  100  paces, 
9  ft  ;  at  200  paces,  5  ft.  7  in.  ;  at  400  paces,  4  ft.  7  in.  ;  at  Soo 
paces,  4  ft.  Experiments  made  in  our  own  Army,  however, 
seem  to  show  that  the  resisting  power  of  snow  is  less  than  indi- 
cated by  these  experiments.  When  compressed,  however,  its 
resistance  is  very  much  increased. 
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The  car-builders  generally  seem  to  be  looking  forward 
to  a  busy  season,*  and  several  large  contracts  have  already 
been  announced.  The  heavy  crops  in  the  West  will  make 
a  demand  for  an  increased  number  of  freight  cars,  while 
the  roads  leading  to  Chicago  are  already  making  prepara- 
tions for  the  great  increase  of  traffic  which  they  expect 
from  the  Exposition  in  that  city,  so  that  passenger  and 
freight  car  business  both  are  benefited. 


Substantial  progress  is  now  being  made  with  the 
buildings  of  the  Columbian  Exposition  at  Chicago.  Not 
very  much  has  been  done  toward  the  proper  representa- 
tion of  railroads  there,  and  some  hard  work  will  have  to 
be  done  within  the  next  year  to  secure  it. 


The  fighting  ships  of  the  Navy,  as  distinguished  from 
the  cruisers,  are  making  slow  but  steady  progress  toward 
completion.  The  engines  of  the  armored  cruiser  Maine 
are  now  ready  for  the  vessel,  and  her  completion  next  year 
is  a  possibility  if  the  armor  plates  are  furnished  in  time. 
Work  on  the  engines  of  the  Texas  has  been  slightly  de- 
layed, but  the  vessel  itself  is  making  excellent  progress 
at  Norfolk.  She  will  probably  not  be  launched  until  next 
spring,  but  much  of  the  work  which  has  been  done  on  the 
Maine  since  her  launch  will  be  done  on  the  Texas  in  the 
yard,  so  that  no  time  will  be  lost.  The  armored  cruiser 
New  York,  at  the  Cramp  yards  in  Philadelphia,  is  so  far 
advanced  that  she  will  be  launched  before  the  close  of  the 
year,  and  she  will  be  ready  for  service  at  about  the  same 
lime  as  the  Maine. 

The  navigation  of  the  air  has  heretofore  been  hardly 
considered  a  practical  question  by  most  men,  chiefly  from 
the  reason  that  those  who  have  attempted  it  have  gener- 
ally been  persons  without  sufficient  theoretical  or  prac- 
tical knowledge  to  meet  the  conditions  involved.  It  has 
now  been  undertaken,  however,  by  another  class  of  men, 
who  are  thoroughly  equipped  for  dealing  with  the  prob- 
lems involved,  and  experiments  conducted  by  such  high 
authorities  as  Professor  Langley,  of  the  Smithsonian  In- 
stitution, and  Mr.  Chanute,  President  of  the  American  So- 


ciety of  Civil  Engineers,  promise  some  valuable  results. 
Professor  Langley  is  especially  firm  in  the  belief  that  the 
time  is  not  far  distant  when  some  practicable  device  for 
traveling  through  the  air  will  be  secured,  and  he  is  doing 
his  best  to  aid  in  such  a  result. 

In  another  column  we  give  the  first  part  of  an  account 
of  the  Progress  of  Aerial  Navigation,  by  Mr.  Chanute  ;  in 
these  papers  he  will  describe  the  theoretical  conditions  in- 
volved, give  a  historical  account  of  the  attempts  which 
have  heretofore  been  made,  and  a  description  of  the  ex- 
periments now  in  progress. 


The  New  York  Central  &  Hudson  River  Company  is 
making  arrangements  to  replace  the  signals  at  present  in 
use  between  the  Grand  Central  Station  and  Mott  Haven 
by  an  entirely  new  system,  which  will  be  supplied  by  the 
Johnson  Signal  Company,  and  will  be  as  complete  as  pos- 
sible. The  need  of  such  a  change  has  been  apparent  for 
some  time,  the  present  one  being  insufficient.  It  is  true  that 
there  are  a  large  number  of  trains  to  be  handled  there,  as 
the  traffic  of  the  Hudson  River  and  Harlem  Divisions  and 
of  the  New  Haven  road  is  concentrated  upon  the  five  miles 
between  the  Grand  Central  and  Harlem  Bridge  ;  but  the 
company  has  the  advantage  of  four  tracks,  except  for  the 
very  short  distance  across  the  bridge,  and  there  are  prac- 
tically no  freight  trains  to  interfere  with  the  passenger 
business.  With  a  better  signal  system  it  is  probable  that 
the  delays,  of  which  there  is  now  much  complaint,  will  be 
done  away  with,  leaving  only  those  which  are  unavoid- 
able at  present,  at  least  so  long  as  the  Harlem  drawbridge 


remains. 


The  Baltimore  &  Ohio  Campany  is  making  considerable 
expenditures  on  the  improvement  of  its  terminal  facilities. 
New  yards  are  being  provided  for  the  better  handling  and 
distribution  of  freight,  and  an  expensive  belt  or  connect- 
ing road  is  under  construction  through  Baltimore.  When 
these  are  completed  the  road  will  be  better  placed  than 
ever  before  to  dispose  of  a  large  freight  business.  From 
the  returns  made  public,  it  appears  that  these  new  facili- 
ties are  needed,  for  the  traffic  of  the  road  has  shown  a 
large  and  steady  gain  for  several  months  past. 


Some  reference  has  heretofore  been  made  to  the  terminal 
improvements  which  the  Pennsylvania  Railroad  is  making 
in  Jersey  City.  The  new  passenger  station  there  and  the 
elevated  line  through  the  city  are  now  approaching  com- 
pletion, and  the  company  will  soon  have  the  best  passenger 
station  in  or  about  New  York.  It  is  somewhat  singular 
that  the  largest  city  in  the  country  has  been  notable  here- 
tofore for  the  shabbiness  and  inadequate  size  of  its  railroad 
stations,  but  something  has  really  been  done  at  last  to 
remove  that  reproach.  The  Erie,  the  New  Jersey  Central, 
and  the  Pennsylvania  now  have  stations  which  are  fairly 
well  fitted  for  their  business,  and  of  sufficient  size,  though 
not  much  can  be  said  of  their  architectural  beauty  ;  and  if 
fhe  New  York  Central  can  hardly  say  the  same,  it  is  be- 
cause the  business  of  the  Grand  Central  Station  has  in- 
creased more  rapidly  than  enlargements  could  be  made  to 
provide  for  its  accommodation. 


The  instances  cited  above  might  be  increased  in  num- 
ber, but  they  are  sufficient  to  indicate  that  the  heaviest 
railroad  expenditures  of  the  present  year  have  been  made 
not  in  building  new  railroads,  but  in  ^terminal  improve- 
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ments  and  facilities  for  handling  business  on  existing 
roads.  The  growth  of  cities  and  towns  has  been  so  rapid 
during  the  last  10  or  15  years  that  improvements  have 
been  forced  on  the  railroads  and  the  cities  alike.  In  many 
cases  these  have  been  deferred  too  long,  so  that  the  in- 
creased value  of  property  has  made  them  more  costly  and 
diflRcult  of  execution  than  they  would  have  been  if  under- 
taken sooner  ;  but  this  is  a  trouble  that  always  has  exist- 
ed, and  probably  always  will  exist  as  long  as  man's  "  hind- 
sight is  better  than  his  foresight,"  as  they  say  in  New 
England. 

Another  new  line  to  the  Pacific  will  before  long  be 
completed  by  the  Great  Northern  Company,  the  successor 
to  the  St.  Paul,  Minneapolis  &  Manitoba.  This  line  will 
depend  for  its  prosperity  on  the  growth  of  the  new  States 
along  the  northern  frontier,  and  for  through  business  will 
be  a  formidable  competitor  of  both  the  Northern  Pacific 
and  the  Canadian  Pacific. 


The  death  of  Mr.  John  H.  B.  Latrobe,  of  Baltimore, 
removes  one  of  the  very  few  remaining  men  whose  per- 
sonal experience  reached  back  to  the  beginning  of  rail- 
roads in  this  country.  Mr.  Latrobe  had  been  connected 
with  the  Baltimore  &  Ohio  Railroad  in  various  capacities 
all  through  his  active  life  ;  he  was  the  son  of  the  great  en- 
gineer whose  genius  may  almost  be  said  to  have  created 
that  road,  and  he  was  the  last  survivor  of  those  who  ac- 
companied Peter  Cooper  on  the  trial  trip  of  his  little  loco- 
motive, on  the  success  of  which  so  many  future  possibil- 
ities depended.  We  of  the  present  generation  find  it  hard 
to  realize  how  small  and  apparently  insignificant  was  the 
commencement  of  our  railroads  ;  but  Mr.  Latrobe  had 
seen  it  all  with  his  own  eyes,  and  had  taken  an  active  and 
useful  part  in  the  small  beginning  and  the  later  growth. 


The  Interstate  Commerce  Commission  has  suffered  a 
serious  loss  in  the  retirement  of  its  head.  Judge  Cooley, 
and  the  recent  death  of  Mr.  Bragg.  Judge  Cooley  com- 
manded general  respect  from  his  knowledge  of  the  law, 
his  ability  and  the  judicial  temper  of  his  mind  ;  he  came 
to  the  Commission  with  a  high  reputation  from  his  service 
on  the  bench,  and  has  given  his  knowledge  and  experience 
to  the  difficult  questions  which  have  arisen  under  the  law. 
Commissioner  Bragg  had  had  previous  experience  on  a 
State  commission,  and  was  one  of  the  most  active,  faithful, 
and  hard-working  members  of  the  Board.  It  will  be  no 
easy  matter  to  fill  the  vacancies  properly,  and  it  is  to  be 
hoped  that  considerations  of  fitness  alone  will  govern  the 
President  in  selecting  the  new  commissioners. 


The  breaking  up  of  the  Squadron  of  Evolution  has 
begun  by  the  detaching  of  several  of  the  vessels  compos- 
ing it  for  service  in  various  stations.  The  squadron  has 
apparently  served  its  purpose,  and  the  new  ships  will 
probably  be  sent  off  one  by  one.  Their  services  are 
urgently  needed  to  replace  the  older  ships,  which  are  now 
nearly  worn  out,  and  must  give  place  to  their  modern  suc- 
cessors. 

The  Canadian  Pacific  has  accomplished  a  notable  feat 
in  landing  the  Japanese  mails  in  London  within  20  days  of 
the  time  of  their  starting  from  Yokohama.  This  was  done 
by  fast  passages  across  both  the  Pacific  and  Atlantic 
oceans,  and  a  quick  rail  trip  from  Vancouver  to  New  I 


York.  Heretofore  no  attempt  at  speed  has  been  made  by 
the  steamers  crossing  the  Pacific  ;  but  the  new  competi- 
tion may  bring  their  standard  up  nearer  to  that  of  the  At- 
lantic lines  than  it  has  been. 


With  this  record,  which  our  own  lines  will  doubtless 
try  to  cut  down,  and  with  the  Great  Siberian  Railroad 
actually  in  progress,  giving  promise  of  a  through  line 
from  St.  Petersburg  to  Vladivostok  in  a  few  years,  the 
time  may  not  be  far  distant  when  a  man  may  start  from 
New  York  for  a  little  trip  around  the  world  with  a  reason- 
able expectation  of  reaching  his  home  again  within  the 
month. 

Fast  time  is  reported  on  land  as  well  as  by  water,  and 
recently  a  train  on  the  Philadelphia  &  Reading  Railroad, 
in  a  run,  the  particulars  of  which  are  given  elsewhere  with 
those  of  another  fast  run  on  the  New  York  Central,  made 
a  mile  in  39.8  seconds,  or  at  the  rate  of  90.45  miles  an  hour. 
This,  it  is  claimed,  is  the  fastest  railroad  time  ever  made. 


State  ownership  and  State  construction  of  railroads  are 
not  made  more  attractive  by  the  corruption  lately  brought 
to  public  notice  by  the  parliamentary  investigation  in 
Canada.  Our  own  methods  of  railroad  building  have  their 
defects,  but  at  least  they  do  not  involve  the  grave  public 
scandals  which,  we  fear,  could  not  be  avoided  where  great 
and  expensive  public  works  are  carried  on  by  a  government 
conducted  by  political  parties,  and  largely  through  poli- 
ticians, as  ours  must  be.  Canada  is  learning  a  hard  les- 
son, which  ought  to  serve  as  a  warning  to  other  countries. 


UNIFORM    REPORTS    OF    LOCOMOTIVE    PER- 
FORMANCE. 


One  of  the  subjects  which  has  been  selected  for  con- 
sideration by  a  committee  of  the  Master  Mechanics'  Asso- 
ciation, and  to  be  reported  on  next  year,  is  the  one  which 
forms  the  title  of  this  article.  Any  one  interested  in  the 
performance  of  locomotives,  who  takes  the  trouble  to 
study  the  reports  made  by  different  railroad  companies, 
will  find  that  they  differ  so  widely  from  each  other  that  it 
is  difficult  to  make  any  comparisons  which  are  conclusive 
with  reference  to  the  relative  performance  on  different 
roads.  There  is  no  common  agreement  regarding  the 
data  which  are  reported,  and  in  many  cases  essential 
facts  are  omitted  altogether.  As  heretofore  stated  in  these 
pages,  some  companies  issue  reports  printed  on  the  backs 
of  postal-cards  in  which  only  the  most  meager  data  are 
given.  Other  companies,  as  the  Illinois  Central,  issue 
reports  on  a  number  of  sheets  which  are  35  X  19  in.  in 
size,  on  which  the  most  minute  statistics  are  given  with 
reference  to  each  engine  on  the  line. 

A  student  of  the  subject  will  soon  find  that  the  re- 
ports of  some  roads  are  almost  useless,  by  reason  of 
important  omissions,  whereas  those  of  other  lines  are 
confusing  on  account  of  the  great  mass  of  figures,  from 
which  it  is  difficult  to  draw  any  deductions.  In  this,  as  in 
all  other  fields  of  human  endeavor,  it  is  important  to  dis- 
criminate between  those  things  which  are  essential  and 
effective  in  accomplishing  the  end  aimed  at  and  those 
which  serve  no  useful  purpose.  A  study  of  any  consider- 
able number  of  these  performance  sheets,  as  they  are 
called,  will  reveal  to  the  student  many  defects  and  omis- 
sions, and  their  ambiguity  is  in  many  cases  very  vexatious. 
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A  little  consideration  of  the  object  of  making  such  re- 
ports will  indicate  the  data  which  they  should  contain. 
Their  chief  purpose  undoubtedly  is  to  enable  comparisons 
to  be  made  of  (he  performance  of  locomotives  on  the 
same  or  on  different  roads,  and  thus  to  ascertain  their 
relative  efficiency  and  economy. 

Thus  the  "  chief  end"  of  a  locomotive — to  quote  the 
Catechism  — is  to  haul  trains,  and  the  more  hauling  it 
does  the  better  it  fulfills  its  "  final  cause."  That  is,  the 
more  miles  it  runs  and,  in  many  cases,  the  more  cars  it 
pulls,  the  better  it  fulfills  its  purpose,  and  the  greater  its 
value  or  efficiency.  In  other  words,  a  locomotive  which 
will  run  on  an  average  3,000  miles  per  month  is  worth 
more  to  a  railroad  company  than  one  which  will  run  only 
2,000,  and  for  some  kinds  of  traffic  a  machine  which  will 
pull  30  freight  cars  is  much  more  useful  than  one  which 
will  pull  only  20.  Therefore  to  compare  what  may  be 
called  the  serviceability  of  locomotives  on  the  same  line, 
or  on  different  lines,  or  in  different  countries  we  should 
know  how  many  miles  they  run,  per  day,  per  month  or 
per  year.  There  should  be  no  ambiguity  about  this  mile- 
age—that is,  it  should  be  definitely  known  whether  the 
mileage  is  counted  only  by  the  distance  between  terminals, 
or  whether  any  extra  allowance  is  made  for  running  the 
distance  from  the  engine-house  to  the  station,  or  vice 
versd ;  for  switching  or  for  any  other  reason.  There 
should  be  no  difference  in  the  method  of  keeping  the 
mileage  on  different  lines,  and  the  committee  appointed 
to  report  on  this  subject  should  recommend  some  definite 
method  of  keeping  the  mileage  of  different  classes  of 
trains,  and  of  switching  and  construction  engines,  etc. 

A  good  deal  of  difference  prevails,  too,  in  the  matter  of 
the  division  of  this  mileage.  Only  a  portion  of  the  re- 
ports which  are  published  give  the  number  of  the  engines 
owned  by  the  companies.  In  some  cases  the  total  mileage 
is  divided  by  the  number  of  engines  which  are  in  a  ser- 
viceable condition — that  is,  which  are  not  undergoing 
repairs.  In  others  all  the  engines  owned  are  included. 
For  purposes  of  comparison  it  seems  desirable  that  each 
company  should  report  the  total  number  of  locomotives 
owned  which  are  not  condemned  or  leased  to  other  lines, 
and  also  the  average  number  in  the  shop  undergoing  re- 
pairs or  held  in  reserve.  This  will  make  it  possible  to 
give  the  average  mileage  of  all  engines  owned — which  is 
the  safest  basis  of  comparison— and  also  the  average 
mileage  of  those  in  service.  Obviously  it  is  a  merit  of 
the  management  of  the  mechanical  department  to  keep 
the  engines  in  such  a  condition  as  to  get  the  maximum 
mileage  out  of  them,  and  the  fewer  there  are  in  the  shop 
the  greater  the  mileage  that  can  be  made.  If  an  account 
was  kept  of  every  day  that  each  engine  is  in  the  shop,  and 
at  the  end  of  the  month  the  aggregate  number  of  days 
was  divided  by  30,  it  would  give  the  average  number  un- 
dergoing repairs  during  the  month,  or  at  the  end  of  the 
year.  By  dividing  by  365  it  would  give  the  average  for 
the  year.  Probably  such  figures  as  these  would  be  a  reve- 
lation to  many  general  managers  if  compared  with  sim- 
ilar data  from  other  roads. 

It  may  at  any  rate  be  confidently  said  that  all  locomo- 
tive reports  should  give  the  mileage  of  locomotives  based 
upon  some  common  method  of  making  it  up,  and  also  the 
number  of  engines  owned  by  the  company  which  are  not 
condemned. 

For  the  same,  and  also  for  another  reason,  the  train 
loads  should  be  reported.     It  hardly  needs  to  be  said  that  , 


in  some  kinds  of  traffic  the  larger  the  loads  hauled  the 
greater  the  useful  service  performed.  Besides  this  reason, 
it  is  impossible  to  make  any  comparisons  of  fuel  consump- 
tion which  can  be  relied  on  without  knowing  the  loads 
hauled.  In  many  of  the  reports  before  us  no  account 
whatever  is  kept  of  the  train  loads.  On  other  lines  the 
average  number  of  cars  in  all  trains  is  given,  and  on  still 
others  the  average  number  of  passenger  and  freight  cars 
is  reported  separately. 

The  ordinary  postal-card  report  gives  the  total  number 
of  miles  run  by  all  locomotives.  This  makes  any  com- 
parison between  the  service  of  passenger  or  freight  en- 
gines impossible.  Many  roads,  however,  now  report  sepa- 
rately the  total  mileage  of  passenger,  freight,  switching 
and  construction  engines.  If  in  the  enumeration  of  the 
engines  owned  they  would  divide  them  into  the  number 
employed  in  each  of  their  different  classes  of  service,  it 
would  enable  comparisons  to  be  made  of  the  service  per- 
formed by  the  locomotives  in  each  of  these  kinds  of  traffic. 
The  report  of  the  Pennsylvania  lines  west  of  Pittsburgh 
gives  the  miles  run  by  freight  engines  "loaded"  and 
"  empty,"  and  also  the  average  and  the  maximum  mile- 
age of  engines  in  each  class  of  service.  This  is  admirable 
for  purposes  of  comparison. 

The  expenses  of  locomotive  service  are  usually  divided 
into  cost  of  fuel,  oil,  waste,  repairs,  wages  of-  engineers 
and  firemen,  cleaning  and  attendance,  fuel  and  water 
stations.  Some  considerable  differences  exist  in  the 
method  of  dividing  these  accounts.  The  fuel  consump- 
tion is  reported  most  frequently  by  the  average  number  of 
miles  run  to  a  ton  of  coal.  In  the  Erie  Railroad  report  the 
number  of  pounds  of  coal  used  per  mile  in  passenger, 
ballast,  switching  and  freight  service,  and  also  the  amount 
consumed  per  passenger  and  per  freight  car  per  mile,  is 
reported.  This  is  the  most  satisfactory  form  of  report 
with  reference  to  fuel  consumption  that  we  know  of, 
especially  as  the  average  number  of  cars  per  train  for 
both  passenger  and  freight  trains  is  also  reported.  To 
report  the  number  of  pounds  of  coal  consumed  per  mile 
seems  very  much  more  satisfactory  than  to  give  the  num- 
ber of  miles  run  per  ton,  as  the  latter  always  involves  the 
doubt  whether  a  ton  of  2,000  or  2,240  lbs.  is  meant. 

In  giving  car  mileage  two  empty  freight  cars  are  usually 
rated  as  one  loaded,  but  on  some  lines  three  empties  are 
rated  as  two  loaded  ones,  and  on  the  Missouri  Pacific  five 
empties  are  assumed  to  be  equal  to  three  loads.  It  is 
desirable,  of  course,  that  there  should  be  some  uniform 
practice  in  this  respect,  although  it  is  possible  that,  owing 
to  peculiarities  of  traffic,  one  rating  might  be  nearer  cor- 
rect on  one  road  than  another  rating  would  be  somewhere 
else. 

In  regard  to  reporting  the  consumption  of  waste,  lubri- 
cating oil,  tallow  and  illuminating  oil  a  great  diversity 
of  practice  prevails.  In  some  reports  it  is  all  included 
under  the  general  head  of  "stores."  In  others  waste, 
lubricating  and  illuminating  oils  are  reported  separately. 
In  the  report  of  the  St.  Louis  &  San  Francisco  Railroad 
the  consumption  of  engine,  valve,  illuminating  and  lubri- 
cating oils  and  waste  are  each  given  separately.  It  seems 
as  though  it  would  be  sufficient  to  report  lubricating  and 
illuminating  oils  and  waste  separately,  giving  the  number 
of  miles  run  to  a  pint  of  oil  and  a  pound  of  waste. 

The  cost  of  repairs  is  very  generally  reported  as  so 
much  per  mile  run,  although  on  some  of  the  Pennsylvania 
lines  it  is  given  as  so  much  per  100  miles  run.     It  is  not 
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always  clear,  however,  what  is  included  under  the  heading 
of  repairs.  The  whole  cost  of  building  new  engines  to 
replace  old  ones  on  some  roads  is  charged  to  repairs. 
On  others  only  that  part  of  the  cost  which  equals  the 
original  value  of  the  engine  replaced  is  charged  to  repairs. 
Some  uniform  practice  is  very  desirable,  which  the  com- 
mittee having  the  subject  under  consideration  shou'd 
recommend. 

The  wages  of  engineers  and  firemen  are  very  generally 
charged  at  so  much  per  mile  run,  although  in  some  cases 
the  cost  of  cleaning  and  attendance  is  included.  A  better 
plan  seems  to  be  to  keep  these  expenses  separate. 

In  reporting  the  cost  of  locomotive  service  the  price  at 
which  fuel  is  charged  is  usually  given,  although  some 
curious  ambiguities  are  practised,  such  as  chargmg  coal 
at  some  nominal  price  quite  different  from  its  actual  cost. 
The  total  cost  of  locomotive  service  is  in  some  cases  carried 
out  and  given  at  so  much  per  mile  run.  In  some  reports 
the  cost  per  car  mile  is  also  given.  All  such  data  would 
be  very  much  more  satisfactory  if  the  cost  for  different 
classes  of  traffic,  such  as  passenger,  freight,  switching, 
and  construction,  was  given  separately,  per  engine  and 
per  car  mile.  This  would  make  comparisons  and  analyses 
of  accounts  possible,  which  without  such  division  cannot 
be  made. 

It  seems  very  certain  that  if  locomotive  reports  gave 
more  complete  data  concerning  the  cost  of  motive 
power  service,  that  they  would  indicate  where  economy  is 
possible,  whereas  with  the  reports  as  made  at  present 
managers  of  roads  are  now  in  great  darkness. 


A  CORRECTION. 


In  the  September  Journal,  page  426,  there  was  pult- 
lished  an  article  on  E'ectric  Lighting  by  Water  Power, 
condensed  from  a  paper  read  by  C.  T.  Ryland,  Jr.,  before 
the  California  Electrical  Society.  This  was  accompanied 
by  illustrations  of  the  Dodd  sigmoidal  water-wheel  (figs. 
I  and  3)  and  by  a  cut  (fig.  2)  purporting  to  show  the  curve 
of  efficiency  obtained  from  awheel  of  that  pattern  running 
an  electric  light  plant  at  the  Geyser  Hotel,  in  Sonoma 
County,  Cal. 

Information  of  a  reliable  character  has  since  been  fur- 
nished 10  us  to  the  effect  that  no  such  test  was  ever  made 
on  the  Dodd  wheel.  A  test  was  made,  but  it  was  on  a 
Pelion  wheel,  which  was  then  running  the  electric  light 
station  at  the  Geysers,  where  the  experiments  were  con- 
ducted. The  efficiency  curve  was,  in  fact,  that  of  the 
Pelton  wheel. 

We  make  this  correction  as  a  matter  of  justice  to  the 
Pelton  Water  Wheel  Company,  whose  wheel  is  entitled  to 
all  the  credit  for  high  efficiency  in  the  test. 

The  paper  in  question  was  sent  to  us  as  coming  from  a 
responsible  source  and  having  been  read  before  a  reputa- 
ble public  association.  The  condensation  was  made  by 
Mr.  Ryland,  and  there  was  no  apparent  reason  to  doubt 
the  statements  made.  It  now  appears  that  there  was  an 
imposition  practised  in  changing  the  natpe  of  the  wheel, 
which  is  not  at  all  creditable  to  thos-;  who  may  be  re- 
sponsible. 

In  this  connection  it  may  be  noted  that  there  is  at 
present  much  interest  felt  in  methods  of  utilizing  water 
powers  heretofore  neglected.  This  will  be  increased  by 
the  remarkable  results  recently  obtained  in  Germany  in 
the  transmission  of  power  long  distances  by  electricity. 


NEW  PUBLICATIONS. 


Report  of  the  Proceedings  of  the  24TH  Annual  Conven- 
tion OF  THE  American  Railroad  Master  Mechanics' 
Association.  Held  at  Cape  May,  N.  J.,  June  6,  7,  and  8, 
i8gi.  Edited  by  Angus  Sinclair,  Secretary.  The  Associa- 
tion, New  York. 

This  report  makes  its  appearance  in  good  season  this  year, 
and  shows  sii^ns  of  careful  editing  in  its  general  arrangement 
and  in  the  complete  index  appended  to  it.  As  the  convention 
was  one  of  average  interest,  with  no  special  features,  the  report 
follows  the  same  course.  The  discussions  on  Air  Brake  Stand- 
ards and  on  Compound  Locomotives  will  perhafis  receive  the 
most  attention.  As  usual,  the  report  is  published  in  very  neat 
style. 


Handy  List  of  Books  on  Mines  and  Mining.  A  Refennce 
Catalogue.  Compiled  by  H.  E.  Hafcrkorn.  H.  E.  Hafer- 
korn,  Milwaukee,  Wis. 

This  is  Part  IV.  of  Mr.  Haferkorn's  "  Handy  Lists"  of  techni- 
cal literature.  Like  the  preceding  numbers,  it  is  intended  to 
give  as  complete  a  list  as  possible  of  all  books  in  the  special  de- 
partment to  which  it  refers.  Its  preparation  must  have  required 
a  great  amount  of  work,  and  it  will  be  of  much  service  to  stu- 
dents, engineers  and  others  interested. 


National    Car    and    Locomotive    Builder    Supplement. 
August,  1891.     John  N.  Reynolds,  New  York. 

This  Supplement  makes  its  yearly  appearance  as  usual,  but  is 
larger  than  ever  before,  the  present  number  having  124  pages 
in  all.  It  contains  much  useful  information,  having  lists  of 
locomotive  builders,  car  builders,  car  wheel,  axle  and  spring 
makers,  rail  mills  and  others  useful  for  reference.  Ihere  are 
also  lists  of  street  railroads  and  their  officers,  and  of  the  rail- 
roads of  South  America,  with  their  officers. 

The  number  of  advertisements  in  the  Supplement  is  so  great 
that  it  may  almost  be  considered  a  directory  of  manufacturers 
of  railroad  supplies.  It  is  increased  this  year  by  many  street- 
car builders  and  manufacturers  of  electrical  appliances. 


A  Short  Manual  of  Analytical  Chemistry,  Qualitative 
and  Quantitative— Inorganic  and  Organic.     By  John 
Muter.     First  American  from  the  Fourth  English  Edition. 
Edited  by  Dr.  Claude  C.  Hamilton.     P.  Blakision,  Son  & 
Company.  Philadelphia. 
Mr.  Muter's  reputation  as  an  analytical  chemist  would  lead 
to   the  acceptance  of  his  book  as  high  authority.     It   is,   of 
course,  strictly  technical  in  its  nature,  and  is  intended  as  a  book 
of  reference  and  for  advanced  students  ;  those  whose  knowl- 
edge of  chemistry  is  elementary  would  find  it  very  diflScult  read- 
ing.    The  writer's  aim  has  evidently  been  to  condense  the  in- 
formation as  much   as   possible,  and  to  give  the  student  an  ac- 
count of  the  latest  and  most  approved  methods  of  analysis  in  a 
small  space. 

The  editor  of  the  American  edition  has  made  some  changes 
in  classification  and  arrangement,  and  has  introduced  the  name 
of  each  chemical  formula,  where  that  formula  appears  in  the 
book  for  the  first  time.  Some  additions  have  been  made  also, 
and  the  changes  are  generally  improvements. 


Annual  Report  of  the  Chief  of  the  Bureau  of  Steam 
Engineering,  Navy  Department,  for  the  Year  1890. 
Engineer-in-Chief  George  W.  Melville,  Chief  of  Bureau. 
Washington  ;  Government  Printing  OtBce. 

Like  the  report  for  the  preceding  year,  this  report  covers  a 
period  of  hard  work.  During  the  year  the  Bureau  was  called 
upon  to  design  machinery  for  batile-ships  i,  2  and  3  ;  armored 
cruiser  No.  2  ;  protected  cruiser  No.  5  ;    cruiser  No.  12,  and 
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the  Ammen  ram  all  large  and  important  ships.  This  work 
had  to  be  done  in  addition  to  supervising  work  on  the  vessels 
already  begun,  the  repairs  and  routine  work  at  the  navy  yards 
and  a  large  amount  of  experimental  and  testing  work,  espe- 
cially in  connection  with  tubulous  boilers.  These  represent  a 
large  amount  of  hard  work. 

Engineer-in-Chief  Melville  again  calls  attention  to  a  mitter 
which  is  just  now  troubling  nearly  all  the  navies  of  the  world, 
the  in«ufficiency  of  the  engineer  force.  The  traditions  of  the 
naval  force  have  been  almost  everywhere,  it  seems,  strong 
enough  to  prevent  the  increase  of  the  engineer  force  in  number 
and  rank  in  proportion  to  the  inrease  of  its  real  importance, 
and  until  this  is  overcome  the  trouble  will  continue. 


Safe  Building.  A  Treatise  Giving  Practical  and  Theoretical 
Rules  and  Formula  used  in  the  Construction  of  Buildings. 
By  Louis  de  Coppet  Berg.  Ticknor  &  Company,  Boston  ; 
price,  |5. 

Perhaps  a  better  title  for  this  book  would  be  "  Architectural 
Engineering,"  for  it  is  really  a  manual  of  engineering  as  applied 
to  the  construction  of  buildings  of  all  classes.  The  author's  ob- 
ject has  been  to  teach,  so  far  as  can  be  done  by  books,  the 
knowledge  necessary  to  erect  buildings  which  shall  be  safe,  and 
sufficiently  strong  for  the  purposes  for  which  they  are  to  be 
used. 

The  various  chapters  include  Strength  of  Materials  ;  Founda- 
tions ;  Cellar  and  Retaining  Walls  ;  Walls  and  Piers  ;  Arches  ; 
Floor  Beams  and  Girders  ;  Graphical  Analysis  of  Transverse 
Strains.  There  are  a  number  of  tables  giving  strength  of 
beams,  strength  ot  materials,  etc.,  and  a  large  number  of  for- 
mulas. As  a  general  rule,  the  diagram,  the  formula  on  which 
the  table  is  based  and  the  table  are  brought  as  close  together  as 
possible — a  much  better  practice  than  the  common  one  of  plac- 
ing the  tables  by  themselves  at  the  end  of  the  book.  The 
formulas  generally  are  worked  out  so  that  they  can  be  followed 
and  understood  by  anv  one  whose  knowledge  of  mathematics 
extends  to  arithmetic,  algebra  and  plane  geometry. 

Mr.  Berg  has  evidently  tried  to  condense  the  matter  in  hand 
as  much  as  possible,  and  to  use  no  more  space  in  explanation 
than  was  absolutely  required.  Considering  the  extent  of  the 
subject  this  was  necessary,  perhaps,  but  in  some  places  it  has 
been  carried  almost  too  far,  and  a  little  more  extended  explana- 
tion rnight  have  been  of  service.  It  is  a  book  which  requires 
careful  study  and  not  merely  reading. 

As  a  manual  of  the  engineering  of  architecture  it  must  be 
exire.nely  useful  to  architects  ;  it  is  an  excellent  manual  and 
book  of  reference  for  the  engineer  also,  especially  the  railroad 
engineer,  who  is  so  often  called  upon  to  design  and  construct 
buildings.  He  will  here  find  the  general  rules,  with  which  he 
is  of  course  familiar,  reduced  tu  practise  and  specially  applied 
to  the  case  of  buildings  in  a  way  which  is  very  convenient,  and 
will  probably  save  him  much  lime  and  work.  There  are,  of 
course,  many  things  which  are  found  in  other  treatises,  but  the 
special  applications  are  new  and  put  in  a  form  where  they  are 
at  hand  and  ready  for  use  in  any  case  which  may  be  under  con- 
sideration. 

Ancient  and  Modern  Light-Houses.  By  Major  D.  P.  Heap, 
Corps  of  Engineers,  United  States  Army.  Ticknor  &  Com- 
pany, Boston  ;  price,  $5. 

Light-houses  are  a  sign  of  civilization,  and  can  hardly  be  ex- 
pected to  exist  until  a  nation  advances  far  enough  to  have  a 
commerce  of  considerable  importance.  They  have  existed  since 
very  ancient  times,  however,  as  is  known  by  undoubted  testi- 
mony, although  very  little  is  known  of  their  construction.  In 
the  Mediterranean  there  were  some  famous  structures,  such  as 
the  great  Pharos  of  Alexandria,  but  nothing  now  remains  of 
them.  In  modern  times,  as  commerce  has  extended,  the  num- 
ber of  light-bouses  has  very  greatly  increased,  and  now  they 
are  found  all  over  the  world. 


There  are  numerous  classes  of  light-houses  and  beacons. 
Shore  lights  are  not  generally  diilirult  of  construction  ;  but 
there  are  many  on  exposed  rocks  and  shoals  where  the  very 
best  skill  of  the  architect  and  the  engineer  has  been  required 
to  plan  structures  which  can  resist  the  force  of  the  ocean,  and 
to  devise  means  for  building  them.  How  difficult  such  work 
may  sometimes  be  is  shown  by  the  fact  that  the  lighthouse  on 
Minbt's  Ledge,  off  the  Massachusetts  coast,  was  under  con- 
struction five  years  ;  in  one  year — 1857— only  130  hours*  work 
could  be  done,  so  uncertain  was  the  sea.  while  a  single  storm 
in  two  days  almost  entirely  destroyed  two  years'  work.  The 
loss  of  the  great  caisson  prepared  for  the  foundation  of  the 
Diamond  Shoal  Light,  off  Cape  Hatteras,  is  a  recent  instance 
of  the  dangers  and  uncertainties  of  such  woik. 

Major  Heap,  who  has  had  a  long  experience  as  an  engineer 
in  light-house  work,  has  made  a  very  interesting  volume  of  220 
pages,  in  which  he  describes  generally  the  different  classes  of 
light-houses  and  their  design,  and  then  gives  accounts  of  a 
number  of  noted  buildings,  such  as  the  Eddystone,  the  Bell 
Roclcand  the  Skerryvore  lights  in  English  waters  ;  the  Minot's 
Ledge,  the  Spectacle  Rock,  the  Tillamook,  the  Rothersand  and 
others  on  our  own  coasts.  Full  descriptions  of  these  typical 
structures  are  given,  with  accounts  of  the  methods  followed  in 
building  them  and  the  ways  in  which  the  difficulties  met  were 
overcome.  Apart  from  their  general  interest  these  are  worth 
study,  if  only  to  see  the  resources  at  the  command  of  an  en- 
gineer who  has  to  meet  and  control  the  ocean  befoie  he  can 
complete  his  work. 

Besides  a  number  of  smaller  engravings  in  the  text,  the  book 
has  32  large  plates,  which  are  admirably  executed  ;  indeed,  it  is 
quite  refreshing  to  read  a  book  where  so  little  fault  can  be 
found  with  the  illustrations. 


The  Year's  Naval  Progress  :  Annual  of  the  Office  of 
Naval    Intelligence,  July,  1891.     General  In/ormaiton 
Se'ies.  No.  X  :  Information  from  Abroad.     Prepared  by  the 
•    Office  of  Naval  Intelligence,  Navy  Department.     Govern- 
ment Printing  Office,  Washington. 
The  present  volume  of  the  Annual  of  the  Office  of  Naval  In- 
telligence retains  the  title  of  last  year's  issue,  and,  like  that 
number,  is  not  de/oted  to  any  special  subject,  but  rather  to  a 
general  review  of  the   naval   progress  of  the  year  in  various 
countries.     The  topics  included  in  it  cover  a  wide  range,  as 
will  be  seen  by  the  titles  of  the  various  chapters,  which  are  : 
I.   Notes  on  Ships  and  Torpedo  Boats  ;  II.  Notes  on  Machin- 
ery ;  III.  Notes  on  Ordnance  ;  IV.  Electricity  on  Shipboard  ; 
V.  The  Naval  Manoeuvers  of  1890  ;  VI.  The  Armor  Question 
in  1891  ;  VII.  The  Coast  Defense  Systems  of  Europe  ;  VIII. 
Service  High  Explosives  ;  IX.  The  Torpedo  Vessel  :  a  History 
of  its  Development  ;  X.   The  System  of  Promotion  in  European 
Navies  ;  XI.  Some  Standard  Books  on  Professional  Subjects. 


Experiments  in  Aerodynamics.  By  S.  P.  Langley.  Smith- 
sonian Contributions  Jo  Knowledge.  Smithsonian  Institu- 
tion, Washington,  D.  C. 

This  is,  perhaps,  the  most  important  single  publication  which 
has  ever  been  printed  on  the  subject  of  aerial  navigation.  It 
proves  facts  that  have  long  been  suspected  by  students  of  the 
subject,  and  explodes  theories  that  have  been  the  pets  of  some' 
scientific  men  for  many  years.  Professor  Langley  not  only 
shows  that  mechanical  flight  is  possible,  but  that  it  is  possible 
by  the  use  of  mechanical  means  already  in  our  possession  and 
with  many  of  which  we  are  familiar. 

Flight  by  the  use  of  buoyant  gas  bags  or  by  vibrating  wings 
is  entirely  omitted  in  the  discussion,  and  no  experiments  have 
been  made  on  such  apparatus  ;  but  they  have  been  entirely  con- 
fined to  aerial  propelling  screws  and  to  rectangular  planes 
moved  through  the  air  under  various  conditions  of  velocity, 
^ngle  of    impact,  and   supirposiiion,  Professor    Largley  evi- 
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dently  believing  that  if  flight  is  accomplished  by  man,  it  will  be 
after  the  manner  in  which  soaring  birds  navigate  the  air  on  wings 
which  are  apparently  motionless. 

To  prove  the  truth  of  this  impression,  a  whirling  table  60  ft. 
In  diameter  was  constructed  at  the  Allegheny  Ciiy  Observatory, 
Allegheny  City,  Pa.,  about  four  years  ago,  and  numerous  ex- 
periments were  made  whenever  the  weather  permitted.  At 
the  edge  of  the  whirling  table  were  placed  the  screws  and  planes 
which  were  experimented  upon. 

The  planes  were  always  rectangular,  and  were  forced  through 
the  air  sometimes  with  the  long  edge,  sometimes  with  the  short 
edge  in  advance.  They  were  sometimes  horizontal,  sometimes 
inclined  with  the  forward  edge  highest,  and  the  uplift  and  the 
resistance  to  forward  motion,  due  to  the  pressure  of  the  air  on 
the  under  side  of  the  plane,  were  automatically  registered  by 
devices  of  great  delicacy  and  accuracy. 

One  of  the  most  important  conclusions  from  these  experi- 
ments is  that  the  inertia  of  the  air  plays  a  very  effective  part  in 
the  flight  of  birds — much  more  effective  than  is  usually  supposed. 
If  a  horizontal  plane  in  rapid  horizontal  translation  be  allowed 
to  fall  through  the  air,  its  time  of  fall  will  be  much  greater  than 
if  it  fell  vertically  ;  and  this  retardation,  due  to  the  horizontal 
translation,  is  so  marked  that  Professor  Langley  concludes  that 
any  formula  which  would  correctly  indicate  it  would  also  show 
that  if  the  plane  were  given  an  infinite  horizontal  velocity,  its 
time  of  fall  would  also  be  infinite.  The  reason  for  this 
phenomenon  is  that  the  air,  having  inertia,  requires  time  to  be 
put  in  motion  and  leave  the  path  of  the  plane.  This  leads  up 
to  the  very  important  principle  which  nature  observes  in  the 
construction  of  the  best  flying  animals — viz.,  that  the  rectangu- 
lar dimensions  of  the  supporting  surfaces  should  differ  as  wide- 
ly as  may  be,  and  that  the  direction  of  motion  should  be  in  the 
direction  of  the  least  dimension.  Thus  the  long-winged  sailing 
birds  act  upon  a  greater  mass  of  air  in  the  same  time  than  those 
which  have  short  wings,  and  there  is  therefore  less  air  put  in 
motion  under  the  wing,  there  is  less  "slip,"  and  there  is  less 
power  required. 

The  point  upon  which  Professor  Langley  lays  the  greatest 
stress,  and  which  he  evidently  believes  to  be  the  most  important 
one  indicated  in  the  Memoir,  is  that  the  power  required  for  hori- 
zontal flight  will  decrease  when  the  velocity  increases,  the 
weight  remaining  the  same.  This  statement  is  so  insufficiently 
qualified  as  to  be  quite  misleading  to  those  who  have  given  the 
subject  of  aerial  navigation  but  little  or  no  attention.  Professor 
Langley,  throughout  the  whole  Memoir,  has  ignored  the  resist- 
ance which  the  air  will  oppose  to  the  motion  through  it  of  the 
body  of  any  aerial  craft,  and  of  the  edges  of  those  portions 
which  form  the  supporting  surfaces.  It  was  well  for  him  to  do 
so  ;  but  it  would  have  been  much  better  had  he  frequently  and 
explicitly  so  stated,  especially  in  connection  with  the  conclusion 
referred  to,  and  which  he  considers  important  enough  to  repeat 
several  times  and  to  italicize. 

The  casual,  or  even  the  fairly  close  reader  would  certainly 
infer  from  Professor  Langley 's  Memoir  that  that  gentleman  de- 
sired to  convey  the  impression  that  the  limit  of  possible  speed 
was  entirely  indeterminate,  and  that  perhaps  400  or  500  miles 
an  hour  might  be  expected,  while  as  a  matter  of  fact  a  few  cal- 
culations show  that  under  the  most  favorable  circumstances  the 
limit  will  be  reached  at  perhaps  a  quarter  of  that  speed.  Al- 
though the  power  required  to  overcome  gravity  will  undoubtedly 
decrease  somewhat  when  the  velocity  increases,  the  power  re- 
quired to  overcome  the  resistance  of  the  air  on  other  than  the 
supporting  surfaces  will  increase  as  the  cube  of  the  velocity, 
weight  being  unchanged. 

The  apparatus  used  in  the  experiments  was  evidently  de- 
signed with  great  ingenuity  and  constructed  with  great  care. 
The  author  has  not  attempted  to  deduce  formulae,  but  has  indi. 
cated  some  conclusions  which  may  be  drawn  from  the  experi- 
ments, and  most  of  the  mathematical  work  is  correctly  done. 


.  The  preface  states  that  most  of  the  financial  means  for  con- 
ducting the  experiments  were  furnished  by  the  late  William 
Thaw,  of  Pittsburgh,  and  the  Memoir  has  been  referred  to  a 
commission  of  which  Professors  Simon  Newcomb,  Henry  A. 
Rowland,  and  Cleveland  Abb6  are  members. 


TRADE  CATALOGUES. 


Catalot^ue  E,  Presses,  Dies,  etc.;  made  by  the  Ferracute  Machine 
Company,  Bridgeton,  N.  J. 

The  extent  to  which  press  and  die  work  has  been  carried  by 
manufacturers  is  shown  by  the  fact  that  this  company  makes 
regularly  and  carries  in  its  catalogues  150  different  kinds  of 
presses,  this  including  only  the  regular  styles,  and  not  special 
presses  made  to  order.  The  present  catalogue  includes  only  a 
part  of  these,  other  catalogues  being  published  by  the  com- 
pany ;  but  it  covers  a  wide  range,  from  light  foot  presses 
weighing  only  250  lbs.,  up  to  power  presses  weighing  9,000  lbs. 
and  intended  for  the  heaviest  class  of  work.  The  Ferracute 
Company  probably  has  a  greater  variety  of  work  to  do  in  this 
line  than  any  other  establishnent,  and  its  catalogues  are  worth 
consulting. 

Goulds    Triplex  Power  Pumps  for  Mill  Service.      The  Goulds 
Manufacturing  Company,  Seneca  Falls,  N.   Y. 

Goulds'  Triplex  Electrical  Pumps.     The  Goulds  Manufacturing 
Company,  Seneca  Falls,  JV.   Y. 

The  object  of  the  first  of  these  pamphlets  is  to  show  the  ad- 
vantages obtained  by  the  use  of  the  Goulds  triplex  pump  in 
mills,  for  filling  tanks,  for  boiler  feeding,  for  paper  machines, 
and  in  other  places  where  a  smooth-running,  steady  and  reliable 
pump  is  needed.  The  applications  are  fully  illustrated  by 
diagrams,  and  the  pamphlet  is  so  neatly  printed  and  mounted 
as  to  make  it  very  attractive  to  the  eye. 

The  second  is  intended  to  describe  and  illustrate  the  use  of 
the  pump  with  an  electric  motor,  which  may  be  applied  in 
many  places  where  it  is  not  convenient  to  use  a  steam-pump  or 
steam-engine.  This  catalogue  is  illustrated  and  printed  very 
handsomely  also. 


What  We  Manufacture.  The  Cincinnati  Corrugating  Company, 
Piqua,  O. 

How  to  Make  Money  out  of  Inventions  ;  an  Adviser  for  Paten- 
tees :  by  August  Schenimel.  The  C.  A.  Rohde  Company,  Mil- 
waukee,  Wis, 


BOOKS    RECEIVED. 


A  Treatise  on  Wooden  Trestle  Bridges,  According  to  the  Pres- 
ent Practice  on  American  Railroads.  By  Wolcott  C.  Foster. 
New  York  ;  John  Wiley  &  Sons.  This  book  is  received  too 
late  for  review  in  the  present  number. 

Poor's  Directory  of  Railway  Officials  and  Manual  of  Ameri- 
can Street  Railroads:  1891.  New  York;  H.  V.  &  H.  W, 
Poor. 

Selected  Papers  of  the  Institution  of  Civil  Engineers.  London, 
England  ;  published  by  the  Institution.  The  present  install- 
ment includes  several  important  papers. 

Progressive  Examinations  of  locomotive  Engineers  and  Fire- 
men. By  John  A.  Hill.  New  York  ;  published  by  the  Author  ; 
price,  50  cents. 

Reports  of  the  Consuls  of  the  United  States  to  the  Department 
of  State :  No.  129,  June,  1891.  Washington  ;  Government 
Printing  Ofl5ce. 
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Th<  Statistical  Year- Book  of  Canada  for  iSgo.  Compiled  by 
Sydney  D.  Roper.  OtUwa,  Canada  ;  published  by  the  Depart- 
ment of  Agriculture.     Sixth  year  of  issue. 

TAe  Mechanical  Errors  in  the  Common  Theory  of  Flexure.  By 
R.  H.  Cousins,  C.E.  Houston,  Texas.  ;  published  by  the  Au- 
thor. 

Transaetioni  of  the  Liverpool  Engineering  Society  :  Volume 
XII.  Seventeenth  Session.  Edited  by  J.  H.  T.  Turner,  Hon- 
orary Secretary.    Liverpool,  England  ;  published  by  the  Society. 

Annali  della  Societa  degli  Ingtgneri  e  degli  Architetti  Italiani, 
1891.     Part  in.     Rome,  Italy  ;  published  by  the  Society. 

Cornell  University^  Agricultural  Experiment  Station  :  Bulle- 
tins 2(),fuly,  1891,  and  y^  August,  1891.  Ithaca,  N.  Y.  ;  pub- 
lished by  the  University. 


TECHNICAL  SCHOOLS. 


The  University  of  Wisconsin  at  Madison  has  made  important 
changes  in  its  Technical  Department,  which  are  perhaps  best 
explained  by  the  following  extract  from  its  announcement : 

There  have  been  added  three  entirely  new  chairs  :  a  profes- 
sorship of  Railroad  Engineering,  a  professorship  of  Electrical 
En^rineering  and  a  professorship  of  Machine  Design,  and  to 
these  there  have  been  called  men  of  exceptional  training  and 
ability.  Besides  these  additions,  the  work  of  the  existing 
chairs  has  been  modified  and  developed  so  as  to  give  a  better 
division  of  labor  and  superior  efficiency.  The  professorship  of 
Mechanical  Engineering  becomes  centralized  upon  steam  engi- 
neering as  its  leading  subject.  The  theoretical  and  scientific 
treatment  of  electricity  and  magnetism  heretofore  falling  under 
the  professorship  of  Physics  has  been  developed  into  a  profes- 
sorship of  Electricity  and  Magnetism  in  connection  with  mathe- 
matical physics,  and  will  have  for  its  functions  the  fundamental 
scientific  treatment  of  those  subjects,  while  the  practical  side 
will  be  treated  by  an  experienced  expert  under  the  professor- 
ship of  electrical  engineering.  A  professorship  of  Bridge  and 
Hydraulic  engineering  has  been  developed  from  the  chair  of 
Civil  Engineering  and  the  latter  title  dropped,  because,  in  the 
progress  of  engineering  science,  it  has  become  too  broad  and 
indefinite.  The  assistant  professorship  of  Pure  and  Applied 
Mechanics  has  been  advanced  into  a  full  professorship  with  the 
slightly  modified  title  of  Theoretical  and  Applied  Mechanics. 
The  chair  of  Mechanical  Practice  undergoes  no  change  except 
an  enlargement  of  facilities.  An  instructorship  in  Engineering 
has  been  added. 

The  Pratt  Institute  in  Brooklyn,  N.  Y.,  has  made  many  im- 
provements in  its  Scientific  Department  in  the  way  of  more 
extended  courses,  and  in  its  Trade  Schools  in  increasing  the 
range  of  instruction  and  the  facilities  for  practical  work. 

Purdue  University  at  Lafayette,  Ind.,  has  completed  a  new 
engineering  laboratory,  a  building  50  X  no  ft.,  with  a  boiler- 
room  25  X  40  ft.  In  these  bui. dings  are  a  Babcock  &  Wilcox 
boiler  ;  a  Harris-Corliss  triple-expansion  engine,  and  a  Schenec- 
tady locomotive,  the  latter  mounted  so  as  to  allow  its  perform- 
ances to  be  tested.  There  are  also  steam  pumps,  testing 
machines,  and  apparatus  for  hydraulic  work  in  considerable 
variety. 

ABOUT  BOOKS  AND  PERIODICALS. 


The  article  in  Scribner's  Magazine  for  October  on  the 
New  Lake  in  the  Desert,  by  Major  J.  W.  Powell,  is  written  by 
one  who  speaks  with  authority  from  his  intimate  knowledge  of 
the  natural  conditions.  The  number  contains  several  other 
readable  papers,  and  is  fully  up  to  the  standard  of  this  well- 
known  magazine.  * 

Among  the  articles  in  the  Popular  Science  Monthly  for 
October  are  Mr.  Durfee's  on  the  Manufacture  of  Steel  ;  Pro- 
fessor Dolbear's  on  Metamorphoses  in  Education  ;  Professor 
Patrick's  on  the  Rivalry  of  the  Higher  Senses,  and  Mr.  Car- 


roll D.  Wright's  on  Lessons  from  the  Census.     The  last  named 
is  the  first  of  a  series  which  cannot  fail  to  be  valuable. 

In  Harper's  Weekly  for  September  9  there  is  a  very  inter- 
esting illustrated  article  on  the  Alaskan  Boundary  Survey. 
The  same  number  has  a  full-page  cut  of  the  new  Grand  Cen- 
tral Station  in  Chicago,  and  an  account  of  the  work  done  by 
the  Columbian  Exhibition  Commissioners  abroad. 

In  the  Arena  for  September  there  are  several  notable  arti- 
cles, perhaps  the  most  striking  being  on  Inter-Migration,  by 
Dr.  Schindler  ;  on  the  Austrian  Postal  Bank  System,  by  Syl- 
Tester  Baxter  ;  on  Constitutional  Government  in  Japan,  by 
Kuma  Oishi,  and  on  Un-American  Tendencies,  by  Dr.  Martyn. 

Mr.  Montgomery  Schuyler's  Glimpses  of  American  Archi- 
tecture close  in  Harper's  Magazine  for  October  with  his  im- 
pressions of  characteristic  buildings  in  St.  Paul  and  Minne- 
apolis. Other  articles  are  on  Cairo,  on  Plantagenei  London, 
on  the  Art  Students'  League  of  New  York,  and  a  number  of 
lighter  articles,  making  excellent  reading. 

The  Compass  for  September  has  articles  describing  a  new 
slope-stake  setter  and  universal  slope  indicator,  designed  by 
Mr.  William  Coxe.  Other  articles  are  on  Verniers  Propor- 
tionally Divided,  the  Plain  Transit,  and  on  Speedy  Calculators. 
The  continuation  of  the  article  on  Series  of  Numbers,  which 
was  begun  in  the  first  number  of  this  paper,  contains  some 
useful  hints  as  to  practical  application. 

The  September  number  of  the  Journal  of  the  New  England 
Water- Works  Association  contains  the  report  of  the  proceed- 
ings of  the  tenth  annual  convention,  which  was  held  at  Hart- 
ford in  June  In  this  report  there  are  several  interesting  dis- 
cussions besides  all  the  papers  which  were  presented  at  the 
Convention. 

The  latest  number  of  the  Proceedings  of  ihe  Engineers' 
Club  of  Philadelphia  gives  the  annual  address  of  President 
Spangler.  Among  the  papers  in  this  number  are  Rail  Joints, 
by  G.  W.  Creighton  ;  Continuous  Rails,  by  R.  T.  Gleaves  ; 
Lobnitz  System  of  Moving  Rocks  under  .Water,  by  E.  S. 
Crawley,  and  a  very  interesting  illustrated  paper  on  Topo- 
graphical Surveying,  by  Harvey  Linton. 

The  School  of  Mines  Quarterly  for  July  has  an  article 
on  Brirk  Pavements,  by  Werner  Boecklin,  and  one  on  Graphic 
Field  Notes,  by  Bailey  Willis.  The  rest  of  the  number  is 
chiefly  devoted  to  articles  from  the  chemical  and  metallurgical 
sections  of  the  school. 

In  the  Overland  Monthly  for  September  are  articles  on 
Trout  Fishing  in  California,  on  Pitcairn's  Island,  and  on  some 
Pioneer  Experiences,  besides  a  variety  of  excellent  sketches 
and  stories. 

The  Journal  of  the  American  Society  of  Naval  Engineers 
for  August  has  articles  on  the  Orvis  System  for  Steam  Boilers, 
by  Chief  Engineer  Isherwood  ;  on  Indicator  Tests,  by  Assistant 
Engineer  F.  H.  Conant  ;  the  Serv6  Ribbed  Boiler  Tube,  by 
Passed  Assistant  Engineer  G.  Willits,  and  a  number  of  others 
of  interest.     Nearly  all  the  articles  are  illustrated. 

The  Journal  of  the  Military  Service  Institution  for  Sep- 
tember continues  General  Tidball's  paper  on  Artillery  in  the 
Rebellion,  Other  articles  are  on  Field  Exercises,  by  Major  Bab- 
cock ;  on  the  Northern  Volunteers,  by  Colonel  Livermore  ; 
Military  Service  Reform,  by  Colonel  Anderson,  and  the  Organi- 
zation of  Artillery  Defense,  by  Captain  Chester.  There  is  also 
the  usual  variety  of  translations  and  items  of  interest  to  military 
readers,  many  of  them  being  also  interesting  to  civilians. 

A  new  paper  which  has  lately  made  its  appearance  is  Rail- 
WAY  Law  and  Legislation,  which  is  published  in  Washington 
under  the  conduct  of  W.  P.  Cannaday  and  G.  B.  W'^st.     Its 
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object  is  expressed  in  its  title,  and  it  may  be  made  a  very  use- 
ful journal  under  proper  management. 

The  announcement  has  been  made  of  the  consolidation  of  the 
Chicago  Railway  Age  and  the  Northwestern  Railroader, 
heretofore  published  at  St.  Paul.  Mr.  Harry  P.  Robinson,  of 
the  Northwestern  Railroader,  will  be  at  the  head  of  the  new  con- 
cern, and  Mr.  H,  R.  Hobart,  who  has  been  connected  with  the 
Age  from  its  first  beginning,  will  remain  as  Editor.  We  hope 
that  the  consolidated  paper  will  combine  the  many  excellent 
features  which  have  heretofore  marked  both  papers,  and  we 
cordially  wish  our  old-new  contemporary  the  prosperity  which 
it  deserves. 

The  latest  number  of  the  Proceedings  of  the  United  States 
Naval  Institute  contains  four  long  and  elaborate  papers,  the 
first  being  on  Explosives  and  Ordnance  Material,  by  Mr.  S.  H. 
Emmens  ;  the  second  on  the  Stability  of  Unarmored  Ships  and 
the  Effect  of  Water-Line  Damage,  by  Charles  Hemje  ;  the 
third,  the  most  purely  technical  of  the  number,  is  on  the  Naval 
Reserve  and  Naval  Militia,  by  Lieutenant  J.  C.  Soley,  while 
the  fourth  is  on  the  Final  Improvements  of  the  Steam  Engines, 
by  Professor  Thurston. 

In  Outing  for  September  there  is  a  variety  of  travel  and 
sport  sufficient  to  suit  all  readers.  The  number  has  some 
excellent  illustrations.  The  military  article  for  the  month  is  on 
the  Massachusetts  Volunteer  Militia,  and  concludes  the  account 
of  the  military  establishment  of  that  State. 


SOME  CURRENT  NOTES. 


A  NEW  line  between  New  York  and  Boston  has  been 
opened  by  the  Long  Island  and  the  New  York  &  New 
England  Companies.  The  train  runs  from  Brooklyn  to 
Oyster  Bay  over  the  Long  Island  Railroad,  and  is  then  fer- 
ried across  the  Sound  on  the  transfer  steamer  Cape 
Charles  to  Wilson's  Point.  From  there  to  Hawleyville 
the  route  is  over  the  Danbury  &  Norwalk  Railroad,  and 
from  Hawleyville  to  Boston  over  the  New  York  &  New 
England.  The  time  made  at  present  is  about  eight  hours, 
and  only  one  train  is  run— a  night  train  composed  of 
sleeping  cars. 

The  Grand  Trunk  Tunnel  under  the  St.  Clair  River,  be- 
tween Detroit  and  Port  Huron,  of  which  a  description  has 
already  been  given,  was  formerly  opened  for  traffic  Sep- 
tember 19  The  trains  are  run  through  the  tunnel  by 
special  engines  built  for  the  service  ;  they  are  of  sufficient 
size  to  handle  trains  over  the  heavy  grades  in  the  ap- 
proaches, and  burn  cqke  in  order  to  avoid  smoke. 


The  traffic  through  the  SaultSte.  Marie  Canal  in  August 
was  larger  than  ever  before  in  the  history  of  the  canal  for 
one  month.  The  total  number  of  vessels  passed  through 
was  1,720,  of  which  1,229  weie  steamers,  434  sailing  ves- 
sels, and  57  rafts  and  unregistered  boats.  These  vessels 
carried  through  1,545,607  tons  of  freight  and  8,099  pas- 
sengers. It  is  evident  that  the  lake  ship-owners  are  try- 
ing to  make  the  best  of  what  remains  of  the  season  of  navi- 
gation. 

The  long-distance  transmission  plant  which  has  been 
built  in  connection  with  the  Electrical  Exhibition  at  Frank- 
fort, in  Germany,  was  completed  early  in  September  and 
put  into  operation.  This  plant  was,  to  a  certain  extent, 
expeiimental,  as  its  builders  undertook  to  transmit  power 
by  electricity  over  a  much  greater  distance  than  had  here- 
tofore been  attempted.  The  power  is  derived  from  the 
waterfall  at  Lauffen.  in  .Switzerland,  and  the  plant  is  in- 
tended to  transmit  300  H.P.  from  that  place  to  Frankfort, 
a  distance  of  120  miles.  A  special  pole  line  was  built  for 
the  purpose,  part  of  it  being  in  the  rough  mountain  coun- 
try, where  many  difficulties  were  met  with  in  completing 
the  line.  The  latest  news  from  Frankfort  is  that  power  is 
now  being  transmitted  regularly  without  difficulty,  and  that 


the  dynamos  at  Lauffen  are  operating  1,000  electric  lights 
in  Frankfort  very  successfully.  Experiments  with  this  im- 
portant line  are  to  be  continued  lor  some  time,  and  should 
they  prove  completely  successful,  the  field  for  the  utiliza- 
tion of  power  and  transmission  by  electricity  will  be  great- 
ly widened. 

The  Philadelphia  &  Reading  Company  now  claims  that 
the  best  railroad  time  on  record  has  been  made  on  its 
road.  The  run  was  made  August  27,  aYid  was  an  experi 
mental  one,  made  to  see  how  great  a  speed  could  be  at- 
tained. The  train  was  drawn  by  Engine  No.  206.  which 
has  20  X  24-in.  cylinders,  68  in.  drivers,  and  a  Wootter 
boiler.  The  train  consisted  of  two  ordinary  passenger 
cars  and  the  President's  special  car,  and  the  run  was  on 
the  Bound  Brook  Division.  Time  was  taken  on  12  miles, 
from  Noble  to  Langhorne,  the  total  distance  being  run  in 
8  minutes  42.2  seconds.  The  time  for  each  mile  is  given 
as  follows  : 


Mile*. 


Seconds.    Miles. 


450 
43.6 
44.6 
47.2 


Seconds.     Miles. 


5 46a 

6 42.6 

7 4!»-4 

8 4ao 


9- 

zo. 
II. 

13. 


Secon<Js. 

40.0 
.      39-8 

.      47.8 
43.0 


The  train,  therefore,  ran  the  12  miles  at  an  average 
speed  of  a  mile  in  43.5  seconds,  or  at  the  rate  of  82.53 
miles  an  hour,  while  the  best  mile  was  made  at  the  rate  of 
90.45  miles  an  hour. 


While  the  quickest  short  run  on  record  is  apparently 
noted  above,  a  New  York  Central  &  Hudson  River  train 
has  made  the  quickest  long  distance  run.  Like  the  other, 
it  was  an  experimental  run,  made  for  the  purpose  of  decid- 
ing what  time  could  be  made  by  a  through  train  between 
New  York  and  Buffalo.  The  train  consisted  of  two  draw- 
ing-room cars  and  General  Superintendent  Voorhees'  pri- 
vate car  ;  the  total  weight  of  the  three  being  259,600  lbs. 
The  engine  which  drew  the  train  from  New  York  to  Al- 
bany was  No.  870,  a  Schenectady  engine  having  19  x  24-in. 
cylinders  and  78-in.  drivers  ;  the  boiler  is  58  in.  in  diame- 
ter and  the  fire-box  96  X  40^  in.  The  engine  weighed, 
at  starting,  60  tons  and  the  tender  40  tons,  making  the 
total  weight  of  the  train  230  tons.  From  Albany  to  Syra- 
cuse the  train  was  drawn  by  Engine  No.  876,  and  from 
Syracuse  to  Buffalo  by  No,  862,  both  of  these  locomotives 
being  the  same  as  No.  870.  except  that  their  driving- 
wheels  are  69  in.  instead  of  78  in.  in  diameter. 

The  total  time  for  the  436^^  miles  from  New  York  to 
East  Buffalo,  without  deducting  stops,  was  439^4^  minutes 
— 7  hours,  193^  minutes.  The  train  left  the  Grand  Cen- 
tral Station  in  New  York  at  7:30  15  a.m.,  and  reached 
East  Buffalo  at  2:50  p.m.  From  East  Buffalo  to  the  Buf- 
falo station  Z%  minutes  were  required. 

The  run  of  436^  miles  was  thus  made  at  an  average 
speed  of  59.53  miles  an  hour,  without  allowance  for  stops. 
Three  stops  were  made  in  all — at  Albany,  to  change  en- 
gines, 3  minutes  28  seconds  ;  at  Syracuse,  to  change  en- 
gines, 2  minutes  30  seconds  ;  at  ^Fairport,  to  cool  a  hot 
box,  7  minutes  50  seconds.  The  total  time  lost  was  thus 
13148  minutes,  leaving  the  actual  running  time  d.26  minutes. 
The  time  over  the  three  divisions  of  the  road,  deducting 
stops,  was  as  follows  : 

Av.  speed 
Miles.  Minutes.  miles  per  hour. 

New  York — Albany 143  140  61.39 

Albany— Syracuse   «47V^  146  60.55 

Syracuse— E.  Buffalo 146  140  63.57 

Total 436^  4a6  61.88 

The  total  time  consumed  from  station  to  station,  440 
miles,  without  making  allowance  for  the  stops  or  for  the 
comparatively  slow  time  from  East  Buffalo  to  Buffalo  sta- 
tion, was  448  minutes — an  average  of  58.93  miles  an  hour. 

It  is  understood  that  an  approach  to  this  extraordinary 
time  is  to  be  put  into  practice.  Having  shown  the  possi- 
bility of  making  the  run  to  Buffalo  in  "jYz  hours  or  so,  the 
company  will  put  on  a  fast  train  which  will  make  the  trip 
^very  day  in  a  much  shorter  time  than  is  now  done. 
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The  new  ore  docks  of  the  Escanaba,  Iron  Mountain  & 
Western  Railroad  near  Escanaba,  Mich.,  are  said  to  be 
tlie  largest  in  the  world.  Their  construction  occupied 
about  eight  months,  and  cost  $281,605.  The  material 
used  included  6,534  piles,  6,434,331  ft.  lumber,  81,329 
lbs.  cast  iron,  981.062  lbs.  wrought  iron  and  733,584  lbs. 
steel.  The  dock  itself  is  1,427  ft.  long  ;  the  rails  on  top 
are  52  ft.  above  water  level,  while  below  are  232  pockets 
having  a  total  storage  capacity  of  45,000  tons  of  iron  ore. 
The  approach  to  the  dock  is  by  timber  trestle  on  pile 
foundations  ;  this  trestle  is  2,091  ft.  long  and  from  20  ft. 
to  52  ft.  in  height ;  there  is  also  a  Howe-truss  span  of  126 
ft.  over  the  Chicago  &  Northwestern  tracks.  This  dock 
was  built  under  the  direction  of  Chief  Engineer  G.  M.  Wil- 
lis, with  Assistant  Engineer  E.  C.  HoUidge  in  charge  of 
construction. 


An  elevated  railroad  is  now  under  construction  in 
Liverpool  for  passenger  traffic.  It  will  be,  when  com- 
pleted, about  6f  miles  long,  running  along  the  water  front, 
where  the  heavy  traffic  to  and  from  the  docks  almost  pro- 


couplers  and  train  brakes  ;  or  such  other  legislation  as 
may  be  necessary  to  insure  the  making  up  and  running  of 
trains  without  compelling  railroad  employes  to  enter  be- 
tween or  on  the  tops  of  cars  while  the  same  are  in  motion." 
Similar  action,  it  is  said,  will  be  urged  upon  the  legis- 
latures of  other  States  as  soon  as  possible. 


A  NEW  CHAIR  CAR. 


The  accompanying  engravings  show  one  of  several  fine 
chair-cars  recently  built  by  the  St.  Charles  Car  Company, 
at  St.  Charles,  Mo.,  for  the  Jacksonville  Southeastern 
Line,  of  which  Mr.  William  J.  Hemphill  is  Superintendent 
of  Motive  Power.  These  cars  were  built  for  the  through 
line  between  Chicago  and  St.  Louis  formed  by  the  Jack- 
sonville Southeastern  and  the  Atchison,  Topeka  &  Santa 
F6.  Fig.  I  is  a  side  elevation  ;  fig.  2  is  a  plan,  showing 
arrangement  of  the  seats,  closets,  etc.  ;  fig.  3  is  from  a 
photograph,  showing  the  general  appearance  of  the  car  ; 
fig.  4  is  from  a  photograph  showing  the  inside  of  the  car 
and  the  Scarritt-Forney  seats  used. 


CHAIR   CAR   FOR,  JACKSONVILLE   SOUTHEASTERN    LINE. 


hibits  passenger  transit  by  stage  or  horse  car.  The  line 
has  two  tracks  of  standard  gauge,  has  stations  at  con- 
venient intervals,  and  the  cars  will  be  run  by  electric 
motors.  It  is  carried  on  steel  plate  girders  spaced  25  ft. 
apart ;  the  normal  span  is  50  ft.,  but  at  some  street  cross- 
ings and  dock  entrances  this  is  increased.  The  minimum 
clear  headway  above  the  street  is  16  ft.  At  the  Stanley 
Dock  entrance  a  draw-bridge  had  to  be  provided.  The 
roadway  is  composed  of  steel  arch-plates,  riveted  together 
and  resting  at  the  ends  on  the  bottom  flanges  of  the  main 
girders.  The  rails  will  be  laid  on  longitudinal  wooden 
sleepers.  The  columns  carrying  the  main  girders  consist 
of  two  steel  channel-bars  riveted  to  two  steel  plates,  form- 
ing a  square  box  column.  They  are  set  in  cai.t-iron 
sockets  resting  on  a  masonry  bed. 


The  fastest  time  on  record  in  the  waters  around  New 
York  has  been  made  by  the  little  steam  yacht  Norwood, 
which  has  attained  the  rate  of  28  miles  an  hour,  running 
from  the  Narrows  to  Sandy  Hook.  The  Norwood  was 
modeled  and  built  by  C.  D.  Mosher,  of  Amesbury,  Mass.  ; 
she  is  63  ft.  lYz  in.  long  and  7  ft.  6  in.  beam.  The  screw 
is  36  in.  in  diameter,  and  is  driven  by  a  triple-expansion 
engine  which  has  worked  up  to  400  H.P.,  with  150  lbs.  of 
steam.     The  boiler  is  of  the  Thornycroft  pattern. 


Acting  upon  a  message  from  the  Governor  and  a  com- 
munication from  the  Railroad  Commissioner,  Mr.  Charles 
R.  Whitman,  the  Legislature  of  Michigan  in  June  last 
adopted  concurrent  resolutions  requesting  Congress  **  to 
enact  such  legislation  as  may  be  necessary  to  ensure  the 
adoption  on  all  railroads  in  the  United  States  of  automatic 


The  car  is  55  ft.  2  in.  long,  10  ft.  wide  over  sills,  and 
6  ft.  Zyi  in.  high  from  top  of  sill  to  under-plate.  The 
body  framing  is  of  the  St.  Charles  Company's  standard 
pattern.  The  flooring  is  of  \yi  X  3-in.  yellow  pine, 
tongued  and  grooved.  The  outside  is  ceiled  with  f/  x 
-2-in.  sheathing.  The  roof  is  of  the  standard  pattern,  the 
hood  having  curved  ends,  with  ventilation  over  end  doors. 

There  are  ten  large  and  five  small  windows  on  each 
side,  as  shown.  The  large  windows  have  glass  30  x  24 
in.  in  the  lower  and  20  x  24  in.  in  the  upper  sash.  The 
glass  in  the  clear-story  is  cathedral  size,  T%  X  7  in.  The 
windows  have  cornice  curtains  of  tapestry,  except  those  in 
the  saloons  and  heater  closet,  which  are  provided  with 
blinds. 

As  shown  by  the  plan,  there  are  two  saloons,  a  heater 
closet  and  smoking-room.  The  saloons  are  provided  with 
all  the  usual  fittings,  and  the  wash-stands  are  of  Tennessee 
marble.  The  smoking-room  has  two  sofas  upholstered  in 
embossed  leather.  In  the  main  body  of  the  car  there  is  a 
sofa  at  the  end,  and  the  other  seats  are  of  the  Scarritt- 
Forney  "twin"  type,  a  pattern  which  has  proved  very 
popular  on  roads  where  it  has  been  introduced.  Fig.  4 
shows  very  well  the  general  plan  and  arrangement  of  these 
seats  ;  it  shows  at  the  same  time  the  interior  decoration, 
which  is  simple  but  very  neat.  The  seats  are  upholstered 
in  plush,  the  seat  ends  are  of  mahogany,  and  the  closets 
are  in  natural  mahogany  ;  the  trimmings  are  of  solid 
brass.     The  ceiling  is  of  quartered  oak. 

The  car  is  provided  with  the  Baker  heater  with  straight 
piping  and  the  New  York  Safety  Car  Heating  Company's 
safety  attachment.  There  are  eight  Hicks-Smith  center 
lamps  and  one  bracket  lamp.  The  car  is  wired  for  elec- 
tric lights, 
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The  platforms  are  the 
standard  Miller  type, 
with  wrought-iron  draw- 
bars.  The  car  is  fitted 
with  the  Boyden  brake, 
with  Hodge's  system  of 
brake  levers.  The  brake- 
shoes  are  the  Christie 
head  on  the  "  National  ' 
hollow  brake  beam. 

The  trucks  are  four- 
wheeled  trucks  ol  the  St. 
Charles  Company's  Stand- 
ard pattern,  with  wheels 
spaced  8  ft.  apart.  The 
pedestals,  journal  boxes 
and  journals  are  the  M. 
C.  B.  standard  pattern. 
The  axles  are  M.  C.  B. 
standard,  of  iron,  and  the 
wheels  are  33-in.,  double 
plate,  weighing  600  lbs. 
each.  The  bolster  springs 
are  quintuple  elliptic  3  x 
l^  X  36  in.,  and 
equalizer  springs 
three-coil  round-bar 
ral  8  X  10  in. 

The  vestibules  are  cov- 
ered with  oil-cloth  and 
the  body  of  the  car  with 
Wilton  carpet.  The  minor 
fittings  include  18  um- 
brella holders  and  six 
card  tables.  Large  mir- 
rors are  placed  on  the 
bulkhead  partition,  and 
the  toilet  rooms  are  very 
neatly  fitted  up. 

The  seating  capacity  is 
35  in  the  body  of  the  car 
and  7  in  the  smoking- 
room,  making  42  in  all. 
It  is  an  excellent  exam- 
ple of  the  latest  practice 
in  passenger  car  con- 
struction. 


the 
are 
spi- 


THE   SINKING  OF 

THE    "BLANCO    EN- 

CALADA." 


(From  London  Engineering.) 


We  have  received  from 
a  correspondent  copies  of 
the  official  reports  of  the 
sinking  of  the  Encalada, 
written  by  Captain  Goni, 
the  commander  of  the 
vessel,  and  by  the  senior 
officer  in  charge  of  the  at- 
tacking torpedo  gun- 
boats the  Almirante 
Lynch  and  Almirante 
Condell.  The  details  are 
very  meager,  but  they 
have  the  advantage  of 
being  written  by  those 
who  are  acquainted  with 
the  subject  of  naval  war- 
fare, and  are,  therefore, 
more  satisfactory  than 
the  newspaper  reports 
hitherto  received,  and 
which  were  apparently 
written  more  with  a  view 
to  supplying  a  sensational 
column  of  descriptive 
writing  rather  than  a  true 
narrative  of  events. 
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Captain  Goni's  report  is  very  brief.  He  states  that  his 
vessel  was  attacked  by  the  Lynch  and  Condell,  and  that 
six  out  of  the  seven  torpedoes  they  fired  struck  the  ship. 
That  is  a  remarkable  average,  and  further  details  of  dam- 
age done  would  be  of  great  interest.  As  the  vessel  is  sunk 
in  shallow  water,  her  bridge  appearing  above  the  surface, 
and  as  there  was  a  diver  on  the  spot,  it  is  to  be  hoped  we 
may  subsequently  get  some  particulars  on  this  head.   Cap- 


Lynch  followed  in  my  wake  at  a  distance  of  about  50  meters. 
At  half-speed  I  pointed  the  bow  at  the  Blanco  or  the  Cochrane ; 
I  was  not  able  then  to  see  which  of  the  two  I  had  ahead.  There 
was  another  vessel  at  the  side  which  I  took  to  be  the  Huascar. 
At  a  distance  of  approximately  100  meters  I  fired  the  bow  tor- 
pedo, which  passed  just  ahead  of  the  irun-clad,  almost  touching 
it,  and  which,  I  think,  struck  a  vessel  lying  near.  Immediately 
after  this  first  shot  I  sheered  ofif  tu  the  starboard,  and  at  a  dis- 
tance of  about  60  meters  Lieutenant  Vargas  dexterously  fired 


INTERIOR   OF   CHAIR   CAR,   JACKSONVILLE   SOUTHEASTERN   LINE. 


tain  Goni  simply  states  that  "  the  torpedo  catchers  were 
hotly  cannonaded  by  the  Blanco  before  she  sank  ;"  and 
that  about  half  of  the  crew  was  lost,  among  them  being 
all  the  engineers. 

The  part  of  the  report  of  Captain  Moraga,  the  com- 
mander of  the  torpedo  vessels,  which  refers  to  the  action 
is  a  little  more  detailed,  and  is  as  follows  : 

A  little  before  4  a.m.  (April  23)  I  entered  Caldera  Bay,  and 
as  soon  as  the  light  of  the  moon  enabled  me  to  do  so,  I  made 
*Jut  the  position  of  the  revolutionary  vessels.     Meanwhile  the 


the  first  port  torpedo,  which  must  have  struck  the  bows  of  the 
attacked  vessel.  At  the  same  time  I  ordered  Lieutenant  Rivera 
to  fire  from  the  same  side  the  after  torpedo.  Between  the  send- 
ing off  of  the  second  and  third  torpedo  the  iron-clad  opened  a 
rapid  and  persistent  fire  upon  my  vessel,  making  use  of  her 
mitrailleuses,  rapid-firing  guns  and  rifles.  After  firing  the  first 
torpedo  I  went  ahead  at  full  speed.  The  iron-clad's  fire  con- 
tinued to  be  directed  against  my  vessel,  as  she  did  not  observe 
that  the  Lynch  was  performing  the  same  manoeuvre  as  the  Con- 
dell. The  Lynch  approached  to  within  a  short  distance,  when 
she  fired  her  bow  torpedo,  which  missed.    Steering  off  to  star- 
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The  platforms  are  the 
standard  Miller  type, 
with  wrought-iron  draw- 
bars. Ihe  car  is  titted 
with  the  IJoyden  brake, 
with  Hodge's  system  01 
brake  levers.  The  brake- 
slioes  are  tlie  Christ!.: 
head  on  the  *'  National  ' 
hollow  brake  beam. 

The  trucks  are  four- 
wheeled  trucks  of  the  St. 
Charles  Company's  stand- 
ard pattern,  with  wheels 
spaced  8  ft.  apart.  The 
pedestals,  journal  boxes 
and  journals  are  the  M. 
C.  li.  standard  pattern. 
The  axles  are  M.  C.  li, 
standard,  of  iron,  and  the 
wheels  are  33-in.,  doul)le 
plate,  weighing  600  Ihs. 
each.  The  bolster  springs 
are  quintuple  elliptic  3  ;< 
\\  X  36  in.,  and  the 
equalizer  springs  are 
three-coil  round-bar  spi 
ral  8  X  10  in. 

The  vestibules  are  cov- 
ered with  oil-cloth  and 
the  body  of  the  car  with 
Wilton  carpet.  The  minor 
fittings  include  18  um- 
brella holders  and  si\ 
card  tables.  Large  mir- 
rors are  placed  on  tin- 
bulkhead  partition,  ant! 
the  toilet  rooms  are  very 
neatly  fitted  up. 

The  seating  capacity  is 
35  in  the  body  of  the  car 
and  7  in  the  smoking- 
room,  making  42  in  all. 
It  is  an  excellent  exam 
pie  of  the  latest  practice 
in  passenger  car  con 
siruction. 
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(From  London  Ktigineerinj^.) 


Wk  have  received  from 
a  correspondent  copies  of 
the  official  reports  of  the 
sinking  of  the  Eiicalaiia, 
written  by  Captain  Goni, 
the  commander  of  the 
vessel,  and  by  the  senior 
officer  in  charge  of  the  at- 
tacking torpedo  gun- 
t)oats  the  Aliniraiili 
J.yjich  and  Almirantf 
Corult-U.  Tlie  details  are 
very  meager,  but  they 
have  the  advantage  of 
being  written  by  those 
who  are  acquainted  with 
the  subject  of  naval  war- 
fare, and  are,  tfierefore, 
more  satisfactory  thar. 
the  newspaper  reports 
hitherto  received,  and 
which  were  apparentl) 
written  more  with  a  view 
to  supplying  a  sensational 
column  of  descriptive 
writing  rather  than  a  trut 
narrative  of  events. 
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Captain  Goni's  report  is  very  brief.  He  states  that  his 
vessel  was  attacked  !)y  the  Lyitr/i  and  Condcli,  and  that 
s  \  out  of  the  seven  torpedoes  they  tired  struck  the  ship. 
That  is  a  remarkable  average,  and  further  details  of  dam- 
a;;e  done  would  be  of  great  interest.  As  the  vessel  is  sunk 
ir,  shallow  water,  her  bridj^e  appearing  above  the  surface, 
;v  d  as  there  was  a  diver  on  the  spot,  it  is  to  be  hoped  we 
i;  ly  subsequently  get  some  particulars  on  this  head.    Cap- 


Lymh  followed  in  my  wake  at  a  distance  of  about  50  meters. 
At  half  speed  I  pointed  the  bow  iU  the  Blanco  or  the  Cochratii  ; 
I  was  not  able  then  to  see  which  of  the  two  I  had  ahead.  There 
was  another  vessel  at  the  side  which  1  took  lo  be  the  Iluascar. 
At  a  distance  of  approximately  100  meters  F  fired  the  bow  tor- 
pedo, which  passed  just  ahead  of  the  iron-clad,  almost  touching 
it,  and  which,  I  think,  struck  a  vessel  lying  near.  Immediately 
after  this  first  shot  I  sheered  off  to  the  starboard,  and  at  a  dis- 
tance of  about  '''O  meters  Lieutenant  Vargas  dexterously  fired 
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tiin  Goni  simply  states  that  *'  the  torpedo  catchers  were 

i  ;Jtly  cannonaded  by  the  Blanco  before  she  sank  ;"  and 
tiat  about  half  of  the  crew  was  lost,  among  them  being 
ill  the  engineers. 

The  part  of  the   report  of  Captain  Moraga,  the  com- 
'^'^ander  of  the  torpedo  vessels,  which  refers  to  the  action 
■  a  little  more  detailed,  and  is  as  follows  : 

A  little  before  4  a.m.  (.April  23)  I  entered  Caldera  Hay,  and 
« i  soon  as  the  light  of  the  muon  enabled  me  to  do  so.  1  made 
'  'It  the  position  of  the  revolutionary  vessels.     Meanwhile  the 


the  first  port  torpedo,  which  must  have  struck  the  bows  of  the 
att.-vcked  vessel.  At  the  same  time  I  ordered  Lieuten.int  Rivera 
to  fire  from  the  same  side  the  after  torpedo,  lietween  the  send- 
ing off  of  the  second  and  third  torpedo  the  iron-clad  opened  a 
rapid  and  persistent  fire  upon  my  vessel,  making  use  of  her 
mitrailleuses,  rapid-firing  guns  and  rifles,  .\fter  firing  the  first 
torpedo  I  went  ahead  at  full  speed.  The  iion-ciad's  fire  con- 
tinued to  be  directed  against  my  vessel,  as  she  did  not  observe 
that  the  Lynch  was  performing  the  same  mand  uvre  as  the  Con- 
dell.  The  Lynch  approached  to  within  a  short  distance,  whei. 
she  fired  her  bow  torpedo,  which  missed.     Steering  off  to  star- 


444 


THE     RAILROAD    AND 


[October,  1891. 


board,  the  Lynch  fired  her  second  torpedo,  which  struck  the 
Blanco  about  amidships,  and  two  minutes  afterward  ihb  revolu- 
tionary vessel  foundered.  Seven  minutes  more  or  less  elapsed 
between  the  firing  of  the  first  torpedo  from  the  Condell  and  the 
last  from  the  Lynch. 

The  accompanying  sketch  shows,  in  fig.  1,  the  CondelF s 
and  in  fig.  2  the  Lynch' s  attack.  In  both  A  is  the  Blanco 
Encalada  ;  B  the  Condell;  C  the  Lynch.  The  dotted 
lines  show  the  course  of  each  torpedo  fired,  and  are  num- 
bered in  order,  i  showing  the  course  of  the  first  torpedo, 
2  the  second,  and  so  on. 

It  will  be  seen  from  this  account  that  five  torpedoes 
were  fired,  not  seven,  as  stated  by  Captain  Goni,  and  that 
three  of  them  hit  the  mark.  A  good  deal  has  been  said  in 
naval  circles  here  about  the  Encalada  not  having  her  tor- 


pedo-nets rigged  ;  and  a  good  deal  of  censure  has  been 
passed  upon  Captain  Goni  on  this  account.  As  a  matter 
of  fact,  we  believe  the  vessel  was  not  supplied  with  nets — 
at  least  none  were  fitted  when  she  was  overhauled  and  re- 
armed at  Elswick  a  few  years  ago  ;  and  it  is  improbable 
that  this  means  of  defense  has  been  since  supplied.  We 
doubt,  however,  if  any  defense  of  that  nature  could  have 
saved  the  ship.  The  attack  was  well  planned  and  well 
executed,  the  Lynch  well  seconding  her  leader's  efforts — 
always  a  matter  of  great  importance  in  torpedo-boat  at- 
tack. The  first  torpedo  that  hit — the  second  fired— would 
probably  have  so  disorganized  the  net  defense  that  the 
second  would  have  got  through  to  the  vessel's  side.  If, 
however,  both  these  torpedoes  had  expended  their  power 
on  the  net,  there  is,  we  think,  little  doubt  but  that  th« 
Lynch' s  torpedo  would  have  got  through  ;  but  even  had 
that  been  entangled  and  exploded,  the  latter  vessel  had 
another  torpedo  left  on  the  port  side,  while  both  vessels 
had  two  more  torpedoes  on  the  starboard  side.  Where 
the  Congressional  vessels  were  to  blame,  however,  was  in 
not  sending  out  the  vidette  boats.  A  good  system  of 
pickets  is  a  far  more  effective  protection  against  such  at- 
tacks than  any  amount  of  nets  rigged  out  on  booms.  The 
lookout  vessels  need  not  necessarily  be  steam  craft,  al- 
though, of  course,  the  latter  are  preferable,  as  they  enable 
a  longer  line  to  be  patrolled  ;  but  one  man  in  a  dingy  with 
a  blue  light  can  give  just  as  good  an  alarm  as  a  steam 
pinnace  with  a  dozen  hands  on  board. 

A  point  worth  noting  is  the  failure  of  both  bow  torpe- 
does. Both  boats  missed  in  the  same  manner — namely, 
the  weapons  going  across  the  bows  of  the  attacked  ves- 
sels, as  shown  in  the  annexed  sketch.  No  doubt  the  boats 
overdid  a  good  thing  and  delayed  too  long  in  firing  the 
bow  weapon  ;  or  probably  the  helmsman  got  nervous  and 
began  to  edge  off  too  soon  when  he  saw  the  hull  of  the 


iron-clad  suddenly  looming  up  through  the  dull  moonlight. 
This  is  always  a  danger  with  bow  torpedo  fire  when  the 
tube  is  built  into  the  vessel  so  that  the  weapon  can  only 
be  directed  by  manoeuvring  the  craft  herself.  For  a  sin- 
gle shot  we  should  prefer  the  built-in  bow  gun.  In  that 
case  the  boat  should  run  up  end-on  until  well  within  strik- 
ing distance,  and  having  fired,  sheer  off  only  sufficiently 
to  pass  close  under  the  bow  or  stern.  Of  course  such  a 
proceeding  is  extremely  risky  ;  but  for  a  torpedo-boat  to 
attack  a  well-armed  ship  is  a  matter  which  requires  men 
to  forget  that  they  are  likely  to  be  shot,  and  the  boldest 
course  is  often  the  safest.  When  it  is  required  to  fire 
torpedoes  from  training  guns  on  deck,  the  manoeuvre  of 
running  under  the  bow  or  stern  is  inadmissible,  or  rather 
undesirable,  as  the  reduced  area  of  target  due  to  the  end- 
on  position  of  the  ship  attacked  would  lessen  the  chances 
of  hitting.  It  may  be  said  that  the  bow  fire  is  an  extra 
chance  if  not  a  very  good  one  ;  but  it  must  be  remembered 
that  the  chances  which  depend  on  the  expenditure  of  a 
Whitehead  torpedo  must  necessarily  be  very  few,  and  we 
think  it  is  doubtful  policy  to  have  one  of  them  locked  up 
in  a  gun  that  can  only  be  pointed  by  moving  the  whole 
vessel  with  the  rudder.  That,  however,  is  a  question  upon 
which  there  is  much  to  be  said  on  both  sides,  and  further 
experience  may  be  directly  opposed  to  that  gained  by  the 
fight  in  Caldera  Bay. 


NOTES  ON  COMBUSTION. 


By  C.  Chomienne,  Engineer. 


{C»ntinued/rom  fagt  413.) 


THE  THEORY  OF  SMOKE. 

We  know  that  pure  carbon  burning,  even  with  an  in- 
sufficient supply  of  air,  never  produces  smoke.  It  is  the 
same  with  charcoal  and  with  coke.  The  hydrocarbons, 
on  the  other  hand,  give  much  smoke  whenever  they  are 
burned  with  too  small  a  supply  of  air.  The  experiments 
of  M.  Berthelot  have  proved  that  when  we  heat  certain 
hydrocarbons  to  a  fixed  temperature,  we  produce  a  new 
hydrocarbon,  more  condensed,  with  a  deposit  of  pure 
carbon.  Let  us  see  what  takes  place  on  a  grate  charged 
with  coal. 

If  we  assume  that  this  grate  is  covered  with  coal  half 
consumed,  and  that  it  contains  only  coke  in  an  ignited 
state,  it  will  not  produce  smoke,  but  if  we  throw  fresh 
coal  upon  the  fire  we  see  at  once  black  smoke  rising  from 
the  mass  and  passing  into  the  smoke-stack.  Quickly  the 
smoke  diminishes  in  quantity  and  ends  by  disappearing 
entirely  until  another  charge  of  coal  is  thrown  upon  the 
fire.  Let  us  see  what  has  been  found  in  this  case.  At 
the  moment  when  the  coal  touches  the  ignited  surface, 
the  hydrocarbons  which  it  includes  feel  the  action  of  a 
high  temperature  and  their  distillation  is  produced. 
These  vapors  coming  into  contact  with  the  air  immedi- 
ately burn  and  consume  the  oxygen  surrounding  them. 
If  no  fresh  air  comes  to  renew  the  supply  of  oxygen  a 
quantity  of  gas  is  formed  which  will  be  carried  into  the 
chimney  in  the  same  state  in  which  it  was  when  it  left 
the  grate  ;  that  is,  imperfectly  burned.  This  explains  the 
presence  of  hydrocarbons  in  the  gaseous  products  of 
combustion. 

There  is  still  another  thing  to  take  into  consideration— 
the  dissociation  of  gases,  an  admirable  discovery  which 
is  due  to  M.  Sainte  Claire  Deville. 

When  a  compound  gas  is  brought  to  a  sufficiently  high 
temperature  the  elements  which  compose  it  will  separate, 
but  if  the  mixture  resulting  from  this  separation  is  quickly 
cooled,  we  find  instead  of  the  compound  gas  which  we 
had  originally  a  simple  mixture.  If,  on  the  other  hand, 
the  cooling  is  slow,  the  elements  will  recombine  and  we 
will  have  the  original  compound  gas. 

In  consequence,  at  the  moment  when  the  hydrocarbons 
are  disengaged  and  are  carried  to  a  very  high  tempera- 
ture they  become  a  mixture  of  carbon  in  a  state  of  vapor 
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and  of  hydrogen.  If  a  sufficient  quantity  of  air  is  fur- 
nished the  combustion  will  be  complete  ;  if  not,  it  will  be 
imperfect,  and  we  will  have  the  first  case  when  the  cool- 
ing is  slow  ;  but  if  the  cooling  is  rapid — as  may  happen  if 
the  gases  come  in  contact  with  the  passages  or  with  the 
bridge  or  even  with  a  current  of  cool  air— the  carbon  will 
appear  in  the  form  of  black  smoke  and  the  hydrogen  will 
remain  free.  This  accounts  for  its  presence  in  the  gaseous 
products  of  combustion  and  also  for  that  of  a  new  quan- 
tity of  hydrocarbons  which  are  formed  by  what  M.  Seville 
has  called  a  partial  recomposition. 

In  the  passages  of  a  boiler  all  these  phenomena  are  par- 
tially reproduced.  When  the  gases  touch  the  walls  of  the 
boiler,  which  are  at  a  comparatively  lower  temperature, 
smoke  is  produced  by  the  precipitation  of  the  carbon. 
There  also  results  the  rapid  heating  of  the  hydro- 
carbons on  the  grate,  producing  the  reaction  shown  by 
M.  Berthelot,  and  the  rapid  cooling  of  the  gases  resulting 
in  the  reaction  of  M.  Deville  ;  these  are  the  two  principal 
causes  of  the  formation  of  smoke.  There  is  always  a  lack 
of  air,  which  is,  if  not  the  only  cause,  at  least  a  necessary 
cause.  In  spite  of  this,  and  according  to  careful  experi- 
ments, smoke,  if  black  and  as  thick  as  it  can  be  even  when 
it  is  produced  by  design  and  by  not  giving  the  fire-box  a 
sufficient  quantity  of  air.  will  not  represent  a  loss  of  more 
than  1.5  per  cent.  If  the  supply  of  air  is  increased  a  little 
this  loss  will  fall  to  0.5  per  cent. 

As  we  have  before  stated,  the  composition  of  the  gaseous 
products  of  combustion  varies  very  greatly  as  the  smoke 
is  black,  light  colored  or  almost  colorless.  Each  of  these 
states  correspond  to  a  different  degree  of  loss,  and  the 
blackest  smoke  is  that  which  shows  the  most  imperfect 
combustion.  This  is  generally  true,  but  it  is  hardly  nec- 
essary to  believe  that  in  all  cases  the  loss  shown 
would  be  proportional  to  the  color  of  the  smoke,  since  it 
may  happen  that  colorless  gas  includes  carbonic  oxide, 
which  constitutes  a  greater  loss  than  that  resulting  from 
black  smoke. 

In  order  to  know  how  during  a  definite  time — 100  min- 
utes, for  example— the  three  conditions  of  the  smoke  are 
presented,  M.  Burnat  made  a  series  of  experiments.  He 
took  the  most  unfavorable  conditions  and  used  an  oily 
coal,  which  is  certainly  the  fuel  most  apt  to  give  rise  to 
loss  of  heat  by  incomplete  combustion.  He  carried  the 
combustion  of  carbon  to  its  maximum  point  with  an  in- 
sufficient quantity  of  air  in  such  a  way  as  to  produce  as 
much  black  smoke*  as  possible  ;  using  2  kg.  of  coal  per 
hour  per  square  decimeter  of  grate  surface,  and  a  supply 
of  6  cub.  m.  of  air  to  i  kilogram  of  coal,  he  found  that 
black  smoke  was  given  out  for  32  minutes  ;  gray  or  light 
colored  for  33,  and  colorless  for  35.  He  then  tried  the 
reverse  conditions  ;  that  is  to  say,  he  reduced  the  con- 
sumption to  a  minimum,  0.54  kg.  of  coal  per  hour  per 
square  decimeter  of  grate  with  a  large  supply  of  air,  16 
cub.  m.  per  kilogram  of  coal.  He  then  found  that  black 
smoke  lasted  4  minutes  ;  gray,  27,  and  colorless,  69. 

For  his  third  trial  he  adopted  the  average  combustion  ; 
that  is  to  say,  about  0.75  kg.  per  hour  per  square  decim- 
eter of  grate,  with  a  supply  of  15  cub.  m.  of  air  per  kilo- 
gram of  coal.  In  this  case  he  found  that  black  smoke 
lasted  10  minutes  ;  gray,  30,  and  colorless,  60. 

M.  Burnat  afterward  analyzed  each  of  these  kinds  of 
smoke,  with  the  results  shown  in  the  table  below  : 


Component  Gases. 

Black  Smoke. 

Gray  Smoke. 

Colorless. 

Carbonic  acid 

11.00 
7.20 

1-55 
0.58 

79.67 

8.00 

19.90 

0.18 

0-93 

77-Q9 

1086 

Oxvecn 

11.48 

Carbonic  oxide ••   .   ..•.••• 

Hydrogen 

0-33 
77  33 

yitrogen 

Total  volume 

100.00 

100.00 

These  analyses  do  not  show  carbon  except  in  combina- 
tion with  oxygen  in  different  proportions. 

EVILS   OF   INCOMPLETE  COMBUSTION. 

It  follows  from  this  examination  that  the  loss  due  to 
smoke  under  good  conditions  of  combustion  is  quite  insig- 


nificant. It  is  true  that  we. look  for  smoke-consuming  ap- 
paratus not  only  for  reasons  of  economy,  but  for  others 
connected  with  property,  and  especially  with  public  health. 

In  fact  it  is  not  carbonic  acid  which  is  most  noxious  in 
smoke.  It  is  dissipated  physically  in  the  air,  while  the 
carbonic  oxide  is  much  more  dangerous.  It  attacks  the 
organs  of  breathing,  and  is  really  a  very  deleterious  gas. 
It  is  especially  dangerous  because  its  density  is  0.97,  al- 
most equal  to  that  of  the  air,  and  for  this  reason  it  is  apt 
to  be  uniformly  diffused  through  the  atmosphere,  while 
carbonic  acid,  having  a  density  of  1.53,  or  one-half  more 
than  the  air,  is  always  found  close  to  the  surface  of  the 
ground. 

A  few  thousandths  of  carbonic  oxide  in  the  air  are  suffi- 
cient to  destroy  the  most  robust  health,  and  on  an  average 
from  1.2  up  to  3  per  cent,  is  found  in  smoke.  From  that 
statement  one  can  judge  the  mass  of  poison  which  is  daily 
diffused  in  the  air.  The  very  poisonous  quality  of  this 
gas  results  chiefly  from  the  property  which  the  blood  pos- 
sesses of  absorbing  it  in  the  same  degree  as  it  is  introduced 
into  the  lungs  and  transforming  it  into  a  poison  which  acts 
upon  the  nervous  centers. 

As  to  carbonic  acid  it  can  be  absorbed  in  a  very  consid- 
erable quantity  without  injuring  animal  life.  There  are 
fortunately  many  causes  for  the  absorption  of  this  gas. 
Water  transforrns  it  into  carbonates  ot  iron  or  other 
oxides,  and  plants  especially  absorb  considerable  quanti- 
ties of  it.  There  is  thus  an  equilibrium  which  we  cannot 
admire  too  much,  and  which  is  for  us  an  essential  condi- 
tion for  life. 

As  nature  thus  charges  herself  with  the  disposition  in 
large  part  of  the  carbonic  acid,  it  devolves  upon  man  to 
prevent  in  every  possible  way  the  formation  of  carbonic 
oxide  and  to  prevent  also  the  injury  which  it  causes  in  the 
human  organism. 

NECESSARY  CONDITIONS   OF   COMPLETE   COMBUSTION. 

We  must  now  study  the  methods  of  arriving  at  a  prac- 
tical result.  First  we  should  not  entrust  the  management 
of  boilers  to  unskilled  persons  ;  it  is  necessary  to  employ 
experienced  and  intelligent  firemen  who  know  how  to  man- 
age their  fire,  charging  with  coal  frequently  and  at  the 
proper  time,  and  regulating  the  draft  for  each  case  and 
for  each  kind  of  boiler  in  such  a  way  that  the  loss  by  in- 
complete combustion  and  through  the  smoke-stack  may  be 
reduced  to  a  minimum. 

The  automatic  apparatus  of  M.  Poindron  changing  the 
damper  at  the  moment  of  firing  or  of  arranging  the  fire 
produces  an  excellent  result.  It  stops  to  a  certain  degree 
the  abrupt  supply  of  cold  air  under  the  boiler  or  upon  the 
tube  plate,  and  accordingly  those  coolings  and  contrac- 
tions which  are  very  injurious. 

The  manner  in  which  the  fireman  works  has  a  very 
great  influence  on  the  work  of  a  boiler.  The  employment 
of  poor  firemen  results  in  a  consumption  of  fuel  varying 
frequently  from  25  to  50  per  cent,  more  than  a  good  fire- 
man would  require  to  vaporize  the  same  quantity  of  water  ; 
and  moreover  the  boiler  will  be  sometimes  overworked, 
which  may  occasion  serious  accidents. 

The  layer  of  fuel  on  a  grate  should  never  be  less  than 
0.06  m.,  nor  more  than  0.16  m,  in  thickness  according  to 
the  nature  of  the  coal  employed,  the  size  of  the  lumps  and 
the  draft.  With  a  very  strong  draft  it  may  perhaps  go  as 
far  as  0.20  m.  in  thickness. 

If  the  layer  of  fuel  is  too  thin  and  the  fireman  not  very 
attentive,  at  points  on  the  surface  of  the  grate  holes  will 
be  formed  in  the  fire,  through  which  the  air  passes  with- 
out being  deprived  of  its  oxygen,  or  else  lumps  or  piles  in 
which  the  coal  will  be  distilled  without  being  completely 
burned. 

The  space  between  the  grate-bars  should  be  such  that 
the  fuel  will  fall  through  into  the  ash-pan  only  in  the 
state  of  ashes  or  cinders  vitrified  by  the  temperature  of  the 
fire-box. 

It  is  necessary  to  expose  to  the  radiating  or  direct  heat 
of  the  fire-box  the  greatest  possible  surface  of  the  boiler  in 
order  that  the  greatest  quantity  of  heat  may  be  transmitted 
directly  through  its  walls. 

According  to  Peclet,  in  a  locomotive  boiler  the  quantity 
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of   heat  transmitted   by  direct   radiation  is  almost  three 
times  that  transmitted  by  contact  for  an  equal  surface. 

In  all  boilers  the  fuel  placed  upon  the  grate  acts  in  two 
ways.  Combustion  properly  so-called  gives  the  greatest 
amount  of  heat,  since  the  gases  traveling  through  the 
tubes  are  gradually  cooled  and  give  up  only  a  part  of  the 
heat  which  they  hold  before  reaching  the  smoke-stack. 
This  difference  of  action  is  especially  notable  in  boilers 
of  the  locomotive  type  with  internal  fire  box  and  tubes,  be- 
cause in  these  the  gases  after  having  been  burned  in  the 
combustion  chamber  suddenly  encounter  a  large  surface 
of  a  much  lower  temperature.  The  difference  is  not  so 
marked  in  boilers  of  the  Cornish  type  or  in  those  without 
tubes  or  with  return  flues,  but  it  still  exists  to  some  extent. 


travel  from  the  layer  of  coal  on  the  grate  to  the  smoke- 
stack. It  is  evidently  because  these  gases  on  leaving  the 
grate  come  immediately  in  contact  with  the  boiler,  which 
is,  as  we  have  said,  a  body  sufficiently  cool  to  partly  ex- 
tinguish these  gases.  We  see,  in  fact,  that  the  boiler  at 
the  pressure  of  75  lbs.  is  at  near  150'  C,  while  carbonic 
oxide  will  not  burn  until  it  is  at  least  at  800°  C.  and  the 
hydrocarbons  at  700"""  C,  on  account  of  the  extreme  disper- 
sion of  their  particles.  It  follows  then  that  the  gases 
which  leave  the  fire-box  at  a  very  1  ariable  temperature, 
not  often  at  over  800°  C,  lose  very  quickly  in  contact  with 
the  boiler  heat  enough  to  reduce  them  to  the  temperature 
where  they  can  no  longer  combine  with  oxygen.  If  it  is 
possible  then  the  complete  combustion  of  all  the  gases  leav- 
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While  internal  fire-boxes  are  favorable  to  the  rapid  ab- 
sorption of  heat,  they  have  also  some  inconveniences. 
The  height  above  the  grate  cannot  be  much  more  than 
0.40  m.,  and  we  cannot  use  in  them  coals  with  a  large 
proportion  of  gas,  since  the  gases  on  coming  in  contact 
with  the  plates  are  cooled  and  cease  to  burn.  The  fuel  to 
be  employed  in  such  boilers  should  have  only  a  small  pro- 
portion of  volatile  matter  and  should  burn  easily,  since 
the  walls  of  these  fire-boxes  do  not  attain  a  temperature 
of  over  152°  C,  while  in  external  fire-boxes  the  radiated 
heat  of  the  brick  walls  will  rise  to  600''  C,  which  is  an 
important  aid  to  combustion. 

Let  us  see  why  the  combustible  gases  and  the  oxygen 
of  the  air  in  excess  do  not  combine  in  the  path  which  they 


ing  the  fire  must  be  effected  before  they  are  cooled  below 
the  temperature  where  the  fire  is  extinguished,  whether  it 
be  800°  or  700°. 

For  the  oxidation  of  a  fuel  and  its  volatile  products — 
that  is,  for  the  combustion  to  be  complete — it  is  necessai^ 
to  break  up  the  parallelism  of  the  gaseous  currents  rising 
from  the  grate.  When  coal  is  distilled  on  an  ordinary 
grate  there  are  produced  parallel  currents  of  gas  and  of 
air,  and  combustion  exists  only  on  the  lines  of  contact. 
When  the  air  has  lost  one-half  of  its  oxygen,  and  when  the 
Hame  includes  10  per  cent,  of  carbonic  acid,  this  combus- 
tion ceases  and  there  follows  the  production  of  black 
smoke  and  the  consequent  losses.  Now  if  in  any  way 
there  is  a  lateral  injection  of  air— : above  the  grate,  for  in- 
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stance — the  gases  will  be  forced  to  mix  while  they  are  still 
at  a  temperature  above  that  of  extinction.  It  is  evident 
that  they  will  combine,  and  we  will  thus  obtain  a  much 
more  complete  combustion. 

As  to  the  quantity  of  air  which  must  be  introduced  above 
the  grate  to  produce  an  energetic  mixture  of  gases  close  to 
the  point  where  they  are  formed,  it  may  vary  between  lo 
and  20  per  cent,  of  the  total  volume  necessary  to  burn  the 
fuel.  Thus  if  we  suppose  that  it  requires  15  cub.  m.  of 
air  to  burn  i  kilogram  of  coal,  we  can  admit  from  12.5  to 
13.S  cub.  m.  below  the  grate  and  from  2.5  to  1.5  above. 
If  not  more  than  i  cub.  m.  should  pass  through,  that 
would  still  be  sufficient  to  break  up  the  parallelism  of  the 
gaseous  currents  and  to  produce  in  the  zone  of  high  tem- 
perature the  intimate  mixture  of  all  the  elements  which 
ought  to  combine.  This  mixture  ought  to  be  made  at 
once  and  before  the  gases  are  too  much  cooled,  in  order 
to  prevent  the  impoverishment  of  the  air  of  its  oxygen  and 
the  final  production  of  carbonic  acid. 


until  then  do  the  products  of  combustion  pass  into  the 
tubes. 

(to  be  continued.) 


AN  AUSTRALIAN  RAILROAD  STATION. 


The  accompanying  illustrations,  which  are  reproduced 
from  photographs,  show  two  views  of  a  railroad  station  of 
very  neat  and  tasteful  design,  which  is  placed  at  the  en- 
trance to  a  cemetery  near  Sydney,  New  South  Wales,  and 
is  called  the  '*  Mortuary"  station. 

The  first  or  larger  engraving  shows  the  street  front. 
The  building,  as  will  be  seen,  stands  on  a  slight  elevation 
above  the  road,  and  its  distinguishing  features  are  the 
large  arched  porch  and  the  tower  surmounting  it,  which 
stand  well  out  from  the  rest  of  the  building.  The  offices 
and  waiting  rooms  are  placed  on  this  front,  and  the  en- 
trance is  by  a  wide  flight  of  steps  from  the  street. 


"MORTUARY"    STATiGN,    SYDNEY,    NEW   SOUTH    WALES.      CEMETERY    FRONT. 


If  the  air  introduced  above  the  grate  can  be  heated  to 
the  temperature  where  it  will  inflame  at  once  the  gaseous 
products,  the  combustion  will  be  much  improved. 

As  can  be  easily  understood,  a  grate  which  does  not 
receive  less  than  10  to  15  per  cent,  of  air  above  the  fire 
cannot  gisre  good  combustion  when  the  flame  is  carried 
some  distance  from  the  fire-box  ;  the  parallel  currents  of 
gas,  some  of  them  consisting  of  combustible  gases  and 
carbonic  acid,  others  of  air  charged  with  carbonic  acid, 
all  combustion  becomes  impossible.  In  consequence, 
where  the  temperature  is  too  low  at  the  origin  in  the  fire- 
box, there  is  a  loss  by  imperfect  combustion  and  by  black 
smoke  if  the  coal  is  charged  with  gas.  Jets  of  air  break  up 
the  parallelism  of  the  gaseous  currents  rising  from  the 
grate,  the  mass  of  gas  is  mixed  to  some  degee  in  passing 
over  the  bridge  where  the  section  is  contracted  in  com- 
parison with  that  of  the  smoke-stack,  and  immediately  the 
velocity  of  the  currents  decreases  in  the  enlargement  pro- 
duced by  the  combustion  chamber.  The  gases  and  air 
are  completely  mixed,  the  combustion  is  finished,  and  not 


The  second  or  smaller  engraving  shows  the  inside  or 
cemetery  front  of  the  station.  This  is  an  open  train-house 
with  the  roof  supported  by  stone  arches.  The  train  stand- 
ing in  the  house  is  apparently  a  funeral  train. 

The  station  is  notable  for  its  excellent  design  and 
adaptation  to  the  surroundings. 


TAKING  THE  PROFILE   OF  A  RIVER  BOTTOM. 


An  ingenious  apparatus,  invented  by  Herr  Stecher  and 
constructed  by  Herr  Zeuner,  at  Dresden,  was  exhibited  at 
the  recent  Internal  Navigation  Congress  at  Frankfort.  It 
was  specially  designed  for  obtaining  a  profile  of  the  bot- 
tom of  the  River  Elbe,  but  might  be  applied  with  advan- 
tage in  other  places. 

The  apparatus  consists  of  an  arm  or  girder  of  angle- 
iron,  ^  ^  in  fig.  I,  ending  at  ^4  C  in  a  curved  point  in- 
tended to  slide  along  the  bottom  of  the  river.  The  other 
end  of  the  arm  is  fixed  by  means  of  a  yoke  to  a  horizontal 
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of    heat   traiismilled   by  direct   radiation   is  almost  three 
limes  that  transmitted  by  contact  for  an  equal  surface. 

In  all  boilers  the  fuel  placed  upon  the  grate  acts  in  two 
ways.  Combustion  properly  so-called  gives  the  greatest 
amount  of  heat,  since  the  gases  traveling  through  the 
lubes  are  gradually  cooled  and  give  up  only  a  part  of  the 
heat  which  they  hold  before  reaching  the  smoke-stack. 
This  difference  ol  action  is  especially  notable  in  boilers 
of  the  locomotive  type  with  internal  lire  box  and  tubes,  be- 
cause in  these  the  gases  after  having  been  burned  in  the 
combustion  chamber  suddenly  encounter  a  large  surface 
of  a  much  lower  temperature.  Tlie  difference  is  not  so 
marked  in  boilers  of  the  Cornish  type  or  in  tliose  without 
tid)es  or  with  return  flues,  but  it  still  exists  to  some  extent. 


travel  from  the  layer  of  coal  on  the  grate  to  the  smoke- 
stack.    It  is  evidently  because  these  gases  on  leaving  tl  ■ 
grate  come  immediately  in  contact  with  the  boiler,  whic:, 
is,  as  we  have  said,  a  body  sulliciently  cool  to  partly  ex 
tinguish  these  gases.     We  see,  in  fact,  that  the  boiler  .  • 
the  pressure  of  75  lbs.  is  at  near  130    C,  while  carbon: 
oxide  will  not  burn  until   it  is  at  least  at  800    C.  and  ti 
hydrocarbons  at  700   C,  on  account  of  the  extreme  disper- 
sion   of   their    particles.     It    follows  then   that  the  gasc 
which  leave  the  tire-box  at  a  very  1  ariable  temperatun 
not  often  at  over  800   C,  lose  very  quickly  in  contact  with 
the  boiler  heat  enough  to  reduce  them  to  the  temperature^ 
where  they  can    no  longer  combine  with  oxygen.     If  it  i 
j)ossible  then  the  complete  combustion  of  all  the  gases  lea\ 
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While  internal  lire-boxes  are  favorable  to  the  rapid  ab- 
sorption of  heat,  they  have  also  some  inconveniences. 
The  height  above  the  grate  cannot  be  much  more  than 
0.40  m.,  and  we  cannot  use  in  them  coals  with  a  large 
proportion  of  gas,  since  the  gases  on  coming  in  contact 
with  the  plates  are  cooled  and  cease  to  burn.  The  fuel  to 
be  em])loyed  in  such  boilers  should  have  only  a  small  pro- 
portion of  volatile  matter  and  should  burn  easily,  since 
the  walls  of  these  lire-boxes  do  not  attain  a  temperature 
of  over  132  C,  while  in  external  t'lre-boxes  the  radiated 
heat  of  the  brick  walls  will  rise  to  Goo  C,  which  is  an 
important  aid  to  combustion. 

Let  us  see  why  the  combustible  gases  and  the  oxygen 
of  the  air  in  excess  do  not  combine  in  the  path  which  they 


ing  the  lire  must  be  effected  before  they  are  cooled  belou 
the  temperature  v^here  the  tire  is  extinguished,  whether  11 
be  800"  or  700 '. 

For  the   oxidation  of  a  fuel  and  its  volatile  products— 
that  is,  lor  the  combustion  to  be  complete — it  is  necessary 
to  break  up  the  parallelism  of  the  gaseous  currents  risint; 
from   the  grate.     W  hen   coal   is  distilled   on  an  ordinary 
grate  there  are  produced  parallel  currents  of  gas  and  of 
air,  and  combustion  exists  only  on  the  lines  of  contact 
When  the  air  has  lost  one-half  of  its  oxygen,  and  when  tht 
tlame  includes  10  per  cent,  of  carbonic  acid,  this  combus 
tion   ceases  and  there  follows   the   production   of   black 
smoke  and   the   consequent   losses.     Now  if  in  any  way 
there  is  a  lateral  injection  of  air— above  the  grate,  for  in 
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stance — the  gases  will  be  forced  to  mix  while  they  are  still 
at  a  temperature  above  that  of  extinction.  It  is  evident 
that  they  will  combine,  and  we  will  thus  obtain  a  much 
more  complete  combustion. 

As  to  the  quantity  of  air  which  must  be  introduced  above 
the  grate  to  produce  an  energetic  mixture  of  gases  close  to 
the  point  where  they  are  formed,  it  may  vary  between  lo 
and  20  per  cent,  of  the  total  volume  necessary  to  burn  the 
fuel.  Thus  if  we  suppose  that  it  requires  15  cub.  m.  of 
air  to  burn  i  kilogram  of  coal,  we  can  admit  from  125  to 
13.1;  cub.  m.  below  the  grate  and  from  2.5  to  1.5  above. 
If  not  more  than  i  cub.  m.  should  pass  through,  that 
would  still  be  sufficient  to  break  up  the  parallelism  of  the 
gaseous  currents  and  to  produce  in  the  zone  of  hij^h  tem- 
perature the  intimate  mixture  of  all  the  elements  which 
ought  to  combine.  This  mixture  ought  to  be  male  at 
once  and  before  the  gases  are  too  much  cooled,  in  order 
to  prevent  the  impoverishment  of  the  air  of  its  oxygen  and 
the  final  production  of  carbonic  acid. 


until  then  do  the  products  of  combustion  pass  into  the 
tubes,      <?r-^^""V^- ;%  •:•  •^'        ' 

(to    be    COXTINtTED.) 


AN  AUSTRALIAN  RAILROAD  STATION. 


The  accompanying  illustrations,  which  are  reproduced 
from  photographs,  show  two  views  of  a  railroad  station  of 
very  neat  and  tasteful  design,  which  is  placed  at  the  en- 
trance to  a  cemetery  near  Sydney,  New  South  Wales,  and 
is  called  the  "  Mortuary"  station. 

The  first  or  larger  engraving  shows  the  street  front. 
The  building,  as  will  be  seen,  stands  on  a  slight  elevation 
above  the  road,  and  its  distinguishing  features  are  the 
large  arched  porch  and  the  tower  surmounting  it.  which 
stand  well  out  from  the  rest  of  the  building.  The  offices 
and  waiting  rooms  are  placed  on  this  front,  and  the  en- 
trance is  by  a  wide  flight  of  steps  from  the  street. 


l^^Ls:^i 


"MORTUARY"   iSTATiON,   {SYDNEY,   NEW   SOUTU   WALES.      CEMETERY   FRONT. 


If  the  air  introduced  above  the  grate  can  be  heated  to 
the  temperature  where  it  will  in  (lame  at  once  the  gaseous 
products,  the  combustion  will  be  much  improved. 

As  can  be  easily  understood,  a  grate  which  does  not 
receive  less  than  10  to  15  per  cent,  of  air  above  the  lire 
cannot  gi^re  good  combustion  when  the  tlame  is  carried 
some  distance  from  the  fire-box  ;  the  parallel  currents  of 
gas,  some  of  them  consisting  of  combustible  gases  and 
carbonic  acid,  others  of  air  charged  with  carbonic  acid, 
all  combustion  becomes  impossible.  In  consequence, 
where  the  temjierature  is  too  low  at  the  origin  in  the  fire- 
box, there  is  a  loss  by  imperfect  combustion  and  by  black 
smoke  if  the  coal  is  charged  with  gas.  Jels  of  air  break  up 
the  parallelism  of  the  gaseous  currents  rising  from  the 
grate,  the  mass  of  gas  is  mixed  to  some  degee  in  passing 
over  the  bridge  where  the  section  is  contracted  in  com- 
parison with  that  of  the  smoke-stack,  and  immediately  the 
velocity  of  tlie  currents  decreases  in  the  enlargement  pro- 
duced by  the  combustion  chamber.  The  gases  and  air 
are  completely  mixed,  the  combustion  is  finished,  and  not 


The  setohd  or  smaller  engraving  shows  the  inside  or 
cemetery  front  of  the  station.  This  is  an  open  train-house 
with  the  roof  supported  by  stone  arches.  The  train  stand- 
ing in  the  house  is  apparently  a  funeral  train. 

The  station  is  notable  for  its  excellent  design  and 
adaptation  to  the  surroundings. 


TAKING  THE   PROFILE   OF  A  RIVER  BOTTOM. 


An  ingenious  apparatus,  invented  by  Herr  .Stecher  and 
constructed  by  Herr  Zeuner,  at  Dresden,  was  exhibited  at 
the  recent  Internal  Navigation  Congress  at  Frankfort.  It 
was  specially  designed  for  obtaining  a  prolile  of  the  bot- 
tom of  the  River  Elbe,  but  might  be  applied  with  advan- 
tage in  other  places.        /    .^^^ 

The  apparatus  consists  of  an  arm  or  girder  of  angle- 
iron,  A  Ji  in  fig.  I,  ending  at  A  C  xn  a  curved  point  in- 
tended to  slide  along  the  bottom  of  the  river.  The  other 
end  of  the  arm  is  fixed  by  means  of  a  yoke  to  a  horizontal 
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shaft  turning  in  bearings  mounted  on  a  boat.  It  will  be 
seen  that  as  the  boat  moves  whenever  a  change  occurs  in 
the  bottom,  the  curved  end  A  C  will  rise  or  fall  and  will 
cause  the  shaft  O  to  turn  to  a  corresponding  degree. 

On  this  shaft  a  flexible  band  Z>  £  is  rolled,  which  is 
kept  in  tension  by  means  of  a  spring  drum  Ji.  On  this 
band  is  mounted  a  holder  carrying  a  pencil  /,  the  point  of 
which  traces,  while  the  boat  moves,  upon  a  roll  of  paper 
which  is  gradually  unrolled  by  a  uniform  movement,  the 

Fig.  I. 


rz 

r 

— • 

a 

profile  of  the  bottom,  upon  which  the  curved  end  of  the 
arm  slides. 

A  second  pencil  fixed  in  a  position,  which  is  determined 
at  the  commencement  of  the  operation,  traces  on  the  roll 
of  paper  the  line  of  depth— that  is  to  say,  the  line  corre- 
sponding to  the  surface  of  the  water. 

Lastly,  a  third  pencil  held  by  a  spring  permits  the 
operator  to  mark,  as  the  boat  passes,  the  distances  and  other 
points  on  its  course. 

To  explain  the  theory  of  the  apparatus,  the  curved  end 
A  C  oi  the  arm  is  a  section  of  a  circle,  which  has  the 
point  O  for  a  center  and  O  C  for  a  radius.  It  follows 
that  C  i^  =  arc  C  C  ;  C  N  =  arc  C  C"  ;  and  C  F — 
C  N  =  arc  C"  C. 

Now  C  -F  —  C  A^  is  the  depth  looked  for.     This  depth  is 

then  equal   to   the  arc  described  by  the  arm  on  the  shaft 

O,  when  the  long  arm  passes  from  the  position  O  C\o 

O  C 
O  C"  multiplied  by  the  ratio  j^-jy     But  the  arcs  described 

by  the  shaft  O  are  equal  to  the  horizontal  displacements 
of  the  flexible  band  ;  that  is,  to  the  displacement  reduced 
by  the  pencil  on  the  roll  of  paper.     From  this  it  results 

OD, 


that  the  line  obtained  on  the  paper  gives  on  the  scale 


OC 


the  depth  of  the  river  according  to  the  line  on  the  bottom 
followed  by  the  arm  A  C. 

The  engineer  in  charge  of  the  improvement  of  the  Elbe 
says  that  the  results  obtained  with  this  apparatus  have  been 
very  satisfactory.  In  practice  it  was  found  that  at  smooth 
water  the  most  convenient  speed  to  obtain  a  given  dia- 
gram was  from  y^  to  6  miles  an  hour.  The  whole  appa- 
ratus cost  without  the  boat  $175,  including  $25  royalty 
paid  for  the  patent. 


AN   ACCURATE    BLUE-PRINTING  APPARATUS. 


By  George  I.  Rockwood,  B.S. 


The  comfort  of  having  one's  bifle-prints  perfectly  dis- 
tinct and  correct  to  scale  is  no  slight  one,  especially  if  the 
scale  is  small  and  the  drawing  large,  as,  for  instance,  in 
the  case  of  building  plans.     But  it  is  a  comfort  rarely  en- 


joyed, for  prints  are  almost  always  distorted  out  of  all 
truth,  and  often  contain  blurs  due  to  lack  of  close  contact 
with  their  negatives  when  printed. 

There  are  two  causes  for  the  distortion  of  prints  ;  in  the 
first  place,  the  printing  frame  may  not  have  been  so  ex- 
posed that  the  sun's  rays  came  perpendicularly  upon  the 
glass.  This  is  of  prime  importance  if  the  print  is  to  be  an 
accurate  copy  of  the  draft.  In  the  second  place,  care  may 
not  have  been  taken  to  use  a  prepared  paper  which  could 
stand  the  wetting  and  drying  process  without  '*  coming 
and  going." 

In  a  not  uncommon  printing  apparatus  a  large  heavy 
piece  of  plate  glass  rests  horizontally  on  a  back-board  cov- 
ered with  a  thick  and  pliant  felting,  the  board  being 
mounted  on  four  grooved  wheels  which  fit  into  one  half- 
inch  half-round  iron  rails.  The  rails  extend  out  of  the 
room  upon  brackets  fastened  outside  the  window.  The 
operator  simply  lifts  up  the  glass,  laying  the  paper  and 
negative  under  it  upon  the  felting,  lowers  the  glass  and 
runs  the  frame  out-of-doors.  This,  although  the  simplest 
form  of  blue-printing  apparatus  using  glass,  nevertheless 
fails  to  give  uniformly  good,  clear  prints,  especially  if  the 
tracing  is  in  any  way  creased  or  wrinkled,  for  the  very  rea- 
son that  the  felting  so  commonly  employed  is  pliant,  and 
if  used  at  all,  should  be  made  to  serve  simply  as  a  back- 
ing to  hard  gasket  rubber,  say  -^-^  in.  thick.  Experience 
has  shown  that  the  best  way  to  secure  good  contact  of 
paper  to  glass  is  to  compress  the  paper  firmly  between  the 
glass  and  a  rubber-lined  back-board  by  means  of  springs 
uniformly  distributed  over  its  surface. 

The  problem,  then,  of  designing  a  blue-print  frame  to 
give  the  best  results  is  to  provide  in  a  simple  and  con- 
venient way  for  pressing  the  back-board  firmly  against  the 
glass,  and  to  provide  means  for  turning  and  inclining  the 
glass  into  a  plane  perpendicular  to  the  sun's  rays.  The 
accompanying  drawings  represent  a  blue-print  frame  so 
designed  as  to  fulfill  the  above  conditions.  Blurring  is 
effectually  prevented  by  clamping  the  tracing  and  pre- 
pared paper  tightly  up  against  the  plate  glass  in  hard  and 
uniform  contact,  and  the  glass  may  be  easily  and  quickly 
secured  in  a  plane  perpendicular  to  the  sun's  rays  without 
resorting  to  any  complicated  or  cumbrous  means. 

Figs.  I  and  II  show  a  plan  and  sectional  view  of  the 
frame  itself.  Figs.  Ill  and  IV  show  side  and  end  elevations 
of  the  frame  upon  its  truck,  opened  to  receive  the  tracing 
and  paper.  The  frame  A  holds  the  plate  glass  B  in  the 
same  manner  as  a  pane  of  window  glass  is  held  in  its  cas- 
ing, but  instead  of  using  putty,  narrow  strips  a  should  be 
screwed  to  the  inside  of  the  frame  around  its  edges  ;  these 
should  not  fit  so  tightly  down  upon  the  glass  as  to  con- 
fine it  rigidly,  but  must  leave  it  with  a  little  play.  The 
tracing  and  paper  are  pressed  between  the  glass  and  a 
back-board  C  composed  of  several  strips  cleated  together 
2X  b  b  b  b  and  covered  with  felting  and  sheet  rubber  tacked 
to  the  board  around  its  edges.  To  press  this  board 
quickly  and  firmly  against  the  glass  the  device  illustrated 
was  invented,  consisting  of  three  arms  D  D  D,  hinged  at 
f,  each  carrying  three  springs  and  a  cam-lever  E  hinged 
at  e.  After  laying  the  paper  and  negative  upon  the  back- 
board the  frame  is  lowered  upon  its  hinges^,  until  the 
glass  rests  upon  the  back-board,  when  a  slight  push  upon 
each  cam-lever  easily  locks  its  arm  D  into  place  and  com- 
presses its  springs  against  the  board.  Figs.  I  and  II  show 
the  arms  thus  clamped  into  place,  while  figs.  Ill  and  IV 
show  the  frame  open  and  ready  for  use. 

The  fixture  illustrated  in  fig.  V  and  shown  in  figs.  Ill  and 
IV  at  H  is  for  clamping  the  frame  at  any  desired  angle 
upon  the  long  rod  pivoted  upon  the  truck  at  J,  and  ex- 
plains itself. 

Two  frames,  K  and  Z,  support  the  printing  frame  proper. 
A' being  swiveled  upon  L  to  allow  turning  the  frame  about 
in  any  direction  to  meet  the  sun.  The  trolleys  which  sup- 
port the  apparatus  should  be  drilled  and  turned  on  an 
arbor,  as  they  will  run  enough  more  smoothly  to  compen- 
sate for  the  extra  expense.  The  upper  frame  K  should 
rest  most  of  its  weight  upon  one  or  two  washers  at  the 
pivot-bolt  so  that  it  may  be  easily  rotated  without  binding 
by  friction  on  the  lower  frame. 

It  has  not  been  found  necessary  to  locate  the  frame  in  a 
dark  room,  but  it  is  a  good  plan  to  have  a  large  shallow 
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water  tank  for  washing  the  prints  placed  directly  under- 
neath the  rails  supporting  the  frame,  elevated  a  few  inches 


this  otherwise  unusable  space  in  the  drafting-room  may  be 
thus  profitably  utilized. 


c^feii 


I- 


above  the  floor  and  provided  with  faucet  and  waste  pipe. 
Then  the  prints  may  be  quickly  whipped  out  of  the  frame 
and  into  the  water  without  exposure  in  the  transfer,  and 


The  praise  uniformly  accorded  to  this  form  of  frame  by 
those  who  have  seen  it  in  use  justifies  the  belief  ini's  prac- 
tical value  as  an  accurate  blue-printing  apparatus. 
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CHEMISTRY    APPLIED     TO     RAILROADS. 
XXI.— MINERAL  WOOL. 


By  C.  B.  Dudley,  Chemist,  and  F.  N.  Pease,  Assist- 
ant Chemist,  of  the  Pennsylvania  Railroad. 


(Copyright,  1889,  by  C.  B.  Dudley  and  F.  N.  Pease.) 


(Continued  from  pag*  404.) 


Owing  to  the  absence  of  some  of  the  force  from  Al- 
toona,  the  discussion  of  spring  steel  will  have  to  be  post- 
poned until  next  month.  In  this  article  we  will  discuss 
the  substance  known  as  **  Mineral  Wool," 

It  is  well  known  that  there  is  constant  use  on  railroads 
for  some  material  to  fill  a  space,  both  as  a  means  of  dead- 
ening sound  and  as  an  insulator  against  changes  of  tem- 


former  times  shavings  and  sawdust  were  used  to  quite  an 
extent  for  the  first  two  of  these  purposes,  and  various  other 
devices  for  the  latter.  Unfortunately  these  substances  are 
combustible,  and  especially  in  passenger  cars,  if  a  crack 
occurs  in  the  floor,  through  which  a  thrown-away  match 
should  enter,  there  was  danger  of  burning  the  car.  Sev- 
eral substances  were  tried,  therefore,  as  substitutes  for 
the  shavings  and  sawdust.  Curled  hair  is,  of  course,  alto- 
gether too  expensive.  Sponge  was  tried,  but  this  likewise 
was  expensive.  Cork  shavings  were  tried,  but  they  were 
somewhat  expensive,  and  were  not  incombustible.  No 
vegetable  fibers,  such  as  waste,  or  wool,  or  hay,  or  straw, 
would  be  satisfactory  on  account  of  combustibility.  It 
was,  therefore,  quite  a  step  forward  when  the  process  of 
making  the  substance  known  as  mineral  wool  was  discov- 
ered. 

It  is  doubtless  generally  well  known  that  mineral  wool, 
or  slag  wool  as  it  is  sometimes  called,  is  usually  made  by 
allowing  the  molten  slag  from  the  blast  furnace  while  in 
the  molten  condition  to  flow  over  a  ledge,  being  met  just 
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perature.  For  example,  the  space  between  the  floor  of  a 
passenger  car  and  the  bottoms  of  the  sills  must  be  filled 
with  something  in  order  to  make  the  floor  warmer,  and 
also  as  a  means  of  making  the  car  run  more  quietly. 
Also  in  the  construction  of  refrigerator  cars  some  material 
must  be  used  \s  a  means  of  insulation  against  the  trans- 
mission of  heat.  Also  it  is  well  known  that  steam  pipes 
need  to  be  insulated  or  covered  in  such  a  way  as  to  retain 
the  heat  where  steam  must  be  carried  some  distance.    In 

*  The  abore  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  of  the  Pennsylrania  Railroad,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona.  They  will  give  summaries  of 
original  researches  and  of  work  done  in  testing  materials  in  the  laboratory 
referred  to,  and  very  complete  specifications  ef  the  different  kinds  of  material 
which  are  used  on  the  road  and  which  must  be  bought  by  the  Company. 
These  specifications  have  been  prepared  as  the  result  of  careful  investigations, 
and  will  be  given  in  full,  with  the  reasons  which  have  led  to  their  adoption. 

The  articles  will  contain  information  which  cannot  be  found  elsewhere. 
No.  I,  in  the  Jourmal  for  December,  1889,  is  on  the  Work  of  the  Chemist  on  a 
Railroad;  No.  II,  in  the  January,  1890,  number,  is  on  Tallow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machinery  to 
which  it  is  applied  ;  No.  Ill,  in  the  February  number,  and  No.  IV,  in  the 
March  number,  are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
in  the  May  numt>er,  on  Petroleum  Products  ;  No.  VII,  in  the  June  number, 
on  Lubricants  and  Burning  Oils;  No.  VIII,  in  the  July  number,  on  the 
Method  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  and 
Lubricating  Greases  ;  No.  X,  in  the  August  number,  on  Battery  Materials; 
No.  XI,  in  the  September  number,  on  Paints  ;  No.  XII,  in  the  October  num- 
ber, on  the  Working  Qualities  of  Paint  :  No.  XIII,  in  the  December,  1800, 
number,  on  the  Drying  of  Paint  ;  No.  XIV,  in  the  February  number,  on  the 
Covering  Power  of  Pigments  ;  No.  XV,  in  the  April  number,  on  How  to  De 
sign  a  Paint  ;  No.  XVI,  in  the  May  number,  on  Paint  Specifications  ;  No. 
XVII,  in  the  June  number,  on  the  same  subject,  and  No.  XVIII,  aljo  in 
jMne,  on  the  Livering  of  Paint  ;  No.  XIX,  in  the  July  and  August  numbers,  on 
How  to  Design  a  Paint ;  No.  XX,  in  the  September  number,  on  Disinfectants. 
These  chapters  will  b«  followed  by  others  on  different  kinds  of  railroad  supplies. 
Managers,  superintendents,  purchasing  agents  and  others  will  find  these  Con- 
tributions TO  Practical  Railroad  iNroRMATioN  of  special  value  ia  in- 
dicating the  true  character  gf  tbt  mattriaU  tUey  inv)*t  HK  «1>d  buy. 


as  it  falls  over  the  ledge  by  a  jet  of  steam  under  corisid- 
erable  pressure.  The  result  of  this  process  is  the  conver- 
sion of  the  molten  slag  into  hbers,  which  when  collected 
have  the  appearance  of  cotton  or  wool.  It  is  well  known 
that  slag  from  blast  furnaces  contains  quite  large  amounts 
of  impurities,  notably  sulphur  compounds,  and  in  some 
places,  as  will  be  remarked  upon  a  little  later,  these  sul- 
phur compounds  are  objectionable.  Accordingly,  for  use 
in  these  places,  a  wool  has  been  made  by  taking  certain 
easily  fusible  minerals  and  melting  them  in  a  special  fur- 
nace made  for  the  purpose,  and  converting  them  into  wool 
by  the  same  process.  This  latter  may  more  properly  be 
called  "  mineral  wool"  or"  rock  wool,"  the  former"  slag 
wool. "  It  is  difficult  to  distinguish  between  the  two  materi- 
als by  the  appearance,  but  when  tested  in  certain  ways  the 
distinction  is  quite  marked. 

The  amount  of  mineral  wool  now  made  in  this  country 
is  something  quite  considerable.  It  is  not  at  all  strange 
for  railroad  companies  to  order  it  in  amounts  of  20,000 
lbs.,  and,  indeed,  single  orders  have  been  placed  for  as 
high  as  40,000  lbs.  at  one  time,  so  that  in  reality  the  pro- 
duction of  mineral  wool  has  become  quite  an  industry. 

So  far  as  our  knowledge  goes,  railroad  companies  use 
the  material  almost  entirely  between  the  floors  of  pas- 
senger cars,  and  in  refrigerator  cars  for  insulating  pur- 
poses. The  attempt  to  use  the  slag  wool  for  covering 
steam  pipes  and  boilers  proved  a  failure.  Several  boilers 
and  quite  a  number  of  steam  pipes  were  at  one  time  cov- 
ered with  this  material,  but  wherever  a  leak  occurred, 
causing  the  condensed  water  to  reach  the  wool,  chemical 
action  started,  decomposing  the  sulphur  compounds,  with 
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the  result  of  very  serious  corrosion  of  the  boiler  plate  or 
steam  pipes.  Accordingly  the  use  of  slag  wool  for  this 
purpose  was  abandoned.  We  understand,  however,  that 
the  mineral  wool,  or  rock  wool  proper,  which  was  used  by 
the  New  York  Steam  Company  in  insulating  their  steam 
pipes,  was  free  from  this  difficulty  on  account  of  the  absence 
of  sulphur  compounds  in  the  minerals  used  in  making  the 


APPARATUS   FOR  TESTING   MINERAL   WOOL. 


wool.  So  far  as  our  knowledge  goes,  railroad  companies 
do  not  use  mineral  wool  for  steam  pipe  or  boiler  cover- 
ings, other  materials  being  used  which  give  more  satis- 
factory results,  and  which  are  not  so  difficult  of  applica- 
tion. 

When  mineral  wool  was  first  made,  examination  of  the 
material  showed  the  presence  in  it  of  very  large  amounts 
of  little  globules  of  the  slag,  which  had  not  been  converted 
into  fiber.  Careful  determinations  showed  the  amount  of 
these  globules  to  be  as  high  as  30  per  cent,  40  per  cent., 
or  even  as  high  as  60  per  cent,  of  the  weight  of  the  wool. 
In  view  of  the  fact  that  the  consumer  buys  this  material 
f6r  the  sake  of  filling  a  space,  and  pays  for  it  by  the 
pound,  it  is  obvious  that  the  globules  are  a  very  s^riou^ 


detriment.  He  pays  thc'same  price  for  globules  that  he 
does  for  mineral  wool,  while  the  globules  are  practically 
of  no  value.  These  globules  vary  in  size,  from  mustard 
seed  up  to  as  large  as  small  peas.  In  view  of  this  state  of 
affairs,  it  became  necessary  to  devise  some  means  of  test- 
ing this  material  in  such  a  way  that  the  use  of  it  would  be 
more  economical,  a  problem  which  was  not  free  from  diffi- 
culty. Here  is  a  compressible 
substance  bought  by  the  pound, 
and  used  to  fill  a  space.  What 
test  can  be  applied  to  prove  how 
much  a  cubic  foot,  for  example, 
of  the  material  weighs  ?  The 
difficulties  were  to  obtain  the 
weight  of  a  cubic  foot,  or  any 
convenient  measure,  and  to  ob- 
tain this  under  the  same  condi- 
tions at  all  times,  it  being  obvi- 
ous that  if  the  material  was  more 
compressed  at  one  time  than 
another,  the  results  of  test  would 
not  be  uniform.  The  apparatus 
shown  in  accompanying  figures 
was  accordingly  devised  to  solve 
this  problem. 

It  will  be  observed  that  the 
apparatus  is  essentially  a  basin 
some  loin,  or  12  in.  in  diameter, 
3  in.  or  4  in.  deep,  with  flat  bot- 
tom and  vertical  sides,  over  the 
top  of  which  is  stretched  a  di- 
aphragm of  extremely  thin  rub- 
ber, which  rubber  is  held  water- 
tight to  the  edges  of  the  basin 
by  suitable  clamps  ;  also  that 
there  is  a  thick  glass  plate  which 
may  be  held  in  a  constant  posi- 
tion on  the  top  of  this  rubber  di- 
aphragm by  suitable  clamps. 
The  inside  of  the  basin  is  con- 
nected by  a  side  opening  and  a 
rubber  tube,  with  a  glass  tube 
graduated  into  cubic  inches  and 
tenths,  which  gfraduated  tube  is 
mounted  in  such  a  way  as  to  be 
raised  or  lowered  vertically  on  a 
standard  situated  by  the  side  of 
the  basin.  Also  connected  with 
this  side  opening  is  a  vertical 
gauge  glass  which  indicates  the 
water  level  when  the  material 
is  under  test.  The  basin  is  com- 
pletely filled  with  water  up  to 
the  diaphragm,  care  being  taken 
to  get  all  the  air  out,  and  also 
the  rubber  tube  and  graduated 
glass  tube  are  likewise  part  filled 
with  water. 

The  method  of  using  the  ap- 
)aratus  is  as  follows  :  The  glass 
jlate  being  placed  over  the  rub- 
ier diaphragm,  and  clamped  in 
a  definite  position,  the  graduat- 
ed tube  is  raised  until  the  water 
in  the  gauge  tube  has  assumed 
a  constant,  pre-determined 
in  our  case  is  two  feet.  Of 
tube  is  raised,  the  water  in 
the  tube  runs  down  into  the  basin  and  presses  the  rubber 
diaphragm  up  against  the  glass  plate,  and  it  is  essential  to 
have  the  water  level  in  the  graduated  tube,  when  every- 
thing is  at  rest,  two  feet  above  the  level  of  the  water  in  the 
basin  under  the  diaphragm,  and  also  have  it  so  that  its 
level  can  be  read  in  the  graduations.  When  this  is  done 
the  reading  is  made,  and  we  will  suppose  that  the  water 
stands  in  the  graduated  tube  at  the  graduated  mark  one 
inch.  The  glass  tube  is  now  lowered,  and  the  water  al- 
lowed to  run  back  into  this  tube,  the  clamps  holding  the 
glass  plate  are  loosened  and  the  plate  removed.  A  pre- 
viously weighed  handful  of  mineral  wool  is  now  laid  on 


standard   height,    which 
course  as  the  graduated 
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top  of  the  rubber  diaphragm,  care  being  taken  to  spread 
it  around  a  little,  so  that  it  will  not  be  in  too  compact  a 
lump.  The  glass  plate  is  then  replaced  and  the  clamps 
put  in  their  lormer  position.  The  graduated  tube  is  then 
raised,  the  water  running  back  into  the  basin,  and  gradu- 
ally beginning  to  compress  the  diaphragm  around  the 
wool.  A  little  adjustment  is  required,  until  in  perhaps 
five  minutes  the  water  in  the  gauge  tube  will  assume  a 
constant  position  at  the  2-ft.  mark.  It  is  obvious  from  the 
description  that  the  water  which  was  formerly  in  the  space 
now  occupied  by  the  mineral  wool  under  the  glass  plate 
appears  in  the  increased  volume  of  water  in  the  graduated 
tube.  We  will  suppose  that  now  the  water  in  the  gradu- 
ated tube  reads  4,30  in.  It  is  perfectly  clear,  therefore, 
that  the  volume  occupied  by  the  tuft  of  mineral  wool  which 
is  under  the  glass  plate  is  3.30  cub.  in.,  and  that  this  vol- 
ume has  been  obtained  under  a  constant  pressure  of  2  ft. 
of  water.  Knowing  now  the  volume  and  the  weight,  it  is 
very  easy  to  calculate  the  weight  of  a  cubic  foot.  This 
apparatus  has  worked  very  satisfactorily,  and  has  been 
used  to  obtain  the  volume  of  other  compressible  sub- 
stances. It  is  not  at  all  difficult  to  take  a  wad  of  loose 
cotton  or  a  bit  of  waste  and  say  exactly  what  space  it  oc- 
cupies under  any  predetermined  pressure.  Duplicate  ex- 
periments on  mineral  wool  do  not  usually  show  a  differ- 
ence of  over  0.30  or  0.40  lb.  per  cub.  ft.,  and  these  differ- 
ences, we  think,  are  more  largely  due  to  variations  in  the 
different  samples  of  mineral  wool  tested  than  an  inac- 
curacy in  the  apparatus.  It  is  not  at  all  difficult  to  get 
duplicates  on  wool  waste  to  within  0.05  of  a  cub.  in.,  and 
it  is  of  course  obvious  that  by  increasing  the  size  of  the 
apparatus  and  working  on  larger  amounts,  even  greater 
accuracy  could  be  obtained.  The  apparatus,  as  shown  in 
the  cuts,  is  apparently  accurate  enough  for  the  use  which 
we  make  of  it. 

It  will  be  observed  that  the  layer  of  mineral  wool  under 
the  diaphragm  which  is  being  measured  has  some  percepti- 
ble thickness,  which  thickness  is  not  absolutely  uniform. 
It  depends  something  on  the  manipulation  ;  but  the  thick- 
ness of  the  layer  may  vary  from  o  or  in.  near  the  edges  of 
the  sample  tested  to  possibly  14  ^^-  o^  H  ^^-  ^^  ^^^  mid- 
dle of  the  sample,  where  there  is  greater  mass.  It  has 
not  escaped  our  attention  that  the  whole  of  the  sample  is 
not  under  absolutely  the  same  pressure.  The  middle  of 
the  sample  is  squeezed  a  little  harder  than  that  near  the 
edges,  where  the  layer  is  thinner.  The  amount  of  this 
error,  however,  is  very  small,  and  may  perhaps  be  ignored. 
After  this  apparatus  was  devised,  we  were  in  condition  to 
prepare  specifications,  and  the  following  specifications 
were  issued,  this  draught  being  the  second  revision  : 

PENNSYLVANIA    RAILROAD   COMPANY. 

Motive  Po-iuer  Departtnent. 

SPECIFICATIONS   FOR   MINERAL  WOOL. 

From  this  date  Mineral  Wool  must  meet  the  following  re- 
quirements : 

On  receipt  of  shipment,  three  (3)  samples  taken  from  three  (3) 
different  bags  will  be  tested.  The  test  will  be  made  by  weigh- 
ing a  small  sample  of  the  wool,  and  then  determining  the  vol- 
ume occupied  by  this  sample  under  a  pressure  of  a  column  of 
water  twenty-four  (24)  inches  high.  From  the  weight  and  vol- 
ume of  the  sample  the  weight  per  cubic  foot  will  be  obtained. 

Blue  prints  showing  the  construction  of  the  apparatus  used 
in  determining  the  volume  will  be  sent  if  desired. 

Shipments  will  not  be  accepted  of  which  the  average  weight 
of  the  three  (3)  samples  tested  as  above  exceeds  fifteen  (15) 
pounds  per  cubic  fgot. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 

Office  of  General  Superintendent  Motive  Powers  Altoona^  Pa., 
June  10,  1887. 

It  should  be  stated  that  the  material  is  usually  shipped 
in  bags  for  convenience  in  handling,  and  it  will  be  ob- 
served that  in  view  of  the  probable  lack  of  uniformity  of 
the  material  made  in  such  a  crude  way,  we  take  samples 
from  three  different  bags,  using  the  average  as  the  figure 
on  which  to  base  acceptance  or  rejection.  At  first  we  at- 
tempted to  get  a  wool  which  did  not  weigh  over  10  lbs. 
per  cub.  ft.  ;  but  it  was  soon  found  that  only  a  little  such 
wool  was  made  at  each  place  where  the  manufacture  was 
conducted,  and  that  it  would  be  difficult  for  w§  tO  supply 


ourselves  with  so  good  an  article  as  this.  Improvements 
have  now  been  made  in  the  process,  we  believe,  with  the 
result  that  a  better  grade  is  made  than  formerly — that  is, 
the  wool  contains  fewer  of  the  slag  globules.  The  first 
samples  tested  before  the  specifications  were  issued 
weighed  from  30  lbs.  to  40  lbs.  per  cub.  ft.,  owing  to  the 
presence  of  the  slag  globules  previously  mentioned  ;  and 
it  used  to  take  3,000  lbs.  of  mineral  wool  to  fill  a  passenger 
car.  Under  the  specifications  now  in  force,  it  is  with 
difficulty  that  1,200  lbs.  can  be  put  into  a  car.  The  manu- 
facture has  become  so  well  systematized  that  it  is  very  rare 
now  for  us  to  have  a  rejection. 


XXII.— WOOD   PRESERVATIVE. 

The  question  of  what  material  to  use  to  preserve  wood 
from  destruction  is  a  very  old  one,  and  not  a  few  processes 
have  been  devised  for  treating  it  in  such  a  way  that  it  will 
not  decay.  It  is  not  the  purpose  of  the  present  article  to 
go  into  the  various  processes  of  preserving  wood,  but  sim- 
ply to  describe  a  material  which  has  been  found  moder- 
ately useful  in  a  limited  way  in  certain  constructions  con- 
nected with  railroads. 

The  idea  of  treating  timber  in  large  pieces  to  prevent  it 
from  decay  is  a  very  fascinating  one  ;  but  so  far  as  our 
knowledge  goes,  all  the  processes  enhance  the  cost  of  the 
timber  so  much  that  at  the  present  price  of  lumber  it  is 
not  economical  to  treat  wood  by  any  of  these  methods. 
We  make  this  statement,  however,  with  some  hesitancy, 
because  we  do  not  profess  to  be  thoroughly  well  informed 
on  the  economies  of  all  the  processes  of  treating  railroad 
ties,  for  example,  or  timbers  used  in  car  construction. 
This  is  a  question  which  needs  a  great  deal  more  invesli- 
gation  than  we  have  yet  been  able  to  give  to  it.  But  there 
is  a  field,  however,  for  the  use  of  some  material  to  prevent 
decay  of  wood,  which  does  not  involve  such  great  items 
of  expense  as  the  treatment  of  the  wood  en  jnasse  j  and  it 
is  in  this  field  that  the  wood  preservative  which  we  will 
attempt  to  describe  is  mostly  used,  so  far  as  the  Pennsyl- 
vania Railroad  goes.  This  field  may  be  briefly  and  per- 
haps comprehensively  described  as  covering  all  points 
where  two  pieces  of  wood  come  together,  and  are  so  situ- 
ated as  to  allow  the  penetration  of  water  between  the  two 
pieces  of  wood.  It  will  readily  be  observed  that  tenons 
and  mortises  and  wherever  two  pieces  of  wood  cross  each 
other  in  contact  are  embraced  in  this  field.  We  believe  it 
is  the  history  of  all  car  construction  that  such  points  decay 
much  sooner  than  the  more  exposed  portions  of  the  wood 
used,  and  accordingly  the  search  for  something  to  protect 
these  points  has  been  quite  earnest.  Ordinary  paint  made 
of  linseed  oil  does  not  seem  to  do  the  work,  perhaps  be- 
cause, as  has  already  been  stated  in  a  previous  article  on 
paint,  linseed  oil  paint  is  not  impervious  to  water. 

Other  substances,  notably  coal  tar  products,  have  been 
brought  forward  and  recommended  for  this  purpose  ;  and 
it  is  undoubted  that  some  of  them  are  more  or  less  valu- 
able. Also  various  patented  preparations  have  been  sug- 
gested. Some  of  these  have  the  difficulty  of  being  too  ex- 
pensive. 

•  At  present  we  know  of  none  so  cheap  and  so  effective  as 
the  material  used  on  the  Pennsylvania  Railroad  under  the 
name  of  "  Wood  Preservative."  This  material  is  a  prod- 
uct of  the  distillation  of  Georgia  pine.  It  is  difficult  to  say 
what  it  is  chemically.  It  undoubtedly  contains  some  rosin 
oil,  and  may  contain  some  chemical  bodies  which  are  consti- 
tuents of  creosote.  It  also  contains  considerable  material 
which  is  similar  in  nature  to  spirits  of  turpentine,  although 
we  do  not  think  they  are  identical  in  composition.  This  ma- 
terial, when  painted  over  wooden  surfaces  with  one  or  two 
coats  and  allowed  to  soak  in,  is  a  very  good  protection 
against  water,  and  seems  also  to  have  the  remarkable 
power  of  converting  many  of  the  soft  woods  into  much 
firmer  material.  Sticks  of  pine  soaked  in  it  become 
changed  in  color  and  very  much  more  solid,  more  diffi- 
cult to  cut,  and  considerably  heavier.  When  exposed  to 
water  it  seems  to  have  very  little  action  on  them.  The 
soaked  material  looks  like  the  substance  known  as  "  fat 
pine."  This  material  is  also  believed  to  be  a  complete 
protection  against  the  action  of  the  teredo  on  piles  driven 
in  salt  water. 
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After  two  or  three  years  of  experiments  the  use  of  this 
material  became  quite  extended,  and  accordingly  specifi- 
cations were  prepared  in  order  to  get  a  uniform  product. 
These  specifications  are  as  follows  : 

PENNSYLVANIA    RAILROAD   COMPANY. 

Motive  Power  Department. 

SPECIFICATIONS  FOR  WOOD  PRESERVATIVE. 

The  material  desired  under  this  specification  is  a  product  of 
the  distillation  of  Georgia  Pine,  containing  as  large  an  amount  as 
possible  of  the  preservative  acids  characteristic  of  this  distillate. 

When  a  shipment  is  received,  a  sample  will  be  taken  from 
one  barrel  at  random,  which  sample  will  represent  the  ship- 
ment, and  if  this  sample  fails  to  meet  the  requirements  below, 
the  wiiole  shipment  will  be  returned. 

The  material  desired  shows  the  following  figures  on  test : 
Flashing  point,  200°  F.  ;  burning  point,  220°  F.  ;  specific  grav- 
ity, 1.05  ;  temperature  at  which  material  will  run,  x^"  F.  ; 
tarry  matter,  5.00  per  cent.  ;  tar  acids,  45.00  percent.  ;  neutral 
oils,  50.00  per  cent. 

Material  will  not  be  accepted  which  flashes  below  172°  F., 
burns  below  200°  F.,  has  a  gravity  less  than  1.03,  will  not  run 
at  20°  F.,  has  more  than  12.00  per  cent,  of  tar,  or  less  than  30 
per  cent,  of  tar  acids. 

Theodore  N.  Ely, 

General  Superintendent  Motive  Power. 
Office   of  General    Superintendent   Motive   Power ^  Altoona, 
Pa.,  August  7,  1889. 

The  reason  why  for  each  of  the  various  tests  is  as  fol- 
lows :  At  first  the  material  used  was  so  low  in  flashing 
point,  owing  to  the  very  light  products  that  it  contained, 
that  it  was  a  little  dangerous  to  use,  having  the  same  dan- 
ger that  is  characteristic  of  benzine,  namely,  vaporizing 
readily  and  mixing  with  the  air,  forming  an  explosive 
mixture,  and  accordingly  flashing  and  burnmg  points  were 
determined.  The  specific  gravity  is  taken  as  one  of  the. 
checks  to  prevent  inferior  materials  being  mixed  with  it, 
as  very  few  organic  materials  have  so  high  specific  gravity 
as  1. 00.  The  tarry  matter  may  be  regarded  as  a  species 
of  pigment  or  paint  which  stays  on  the  surface.  In  view 
of  the  fact  that  this  material  seems  to  have  its  best  influ- 
ence when  soaked  into  the  wood,  our  specifications  desire 
to  make  the  amount  of  tarry  matter  as  small  as  possible. 
The  tar  acids  are  believed  to  be  the  most  valuable  wood 
preservative  elements,  although,  as  stated  above,  our 
knowledge  of  the  chemistry  of  these  substances  is  so  limit- 
ed that  it  is  difficult  to  say  which  are  the  most  valuable 
elements.  The  tarry  matter  and  the  tar  acids  being  deter- 
mined, the  neutral  oils  are  determined  by  difference. 

Ttie  method  of  testing  is  as  follows  :  The  fire  test  is 
taken  in  the  ordinary  way  exactly  the  same  as  for  burning 
oils.  The  specific  gravity  is  taken  with  a  hydrometer, 
and  the  cold  test,  or  temperature  at  which  the  material 
will  run,  is  done  in  the  same  way  as  described  for  oils. 
The  tarry  matter  is  determined  by  taking  20  cubic  centi- 
meters in  a  lOO-cubic  centimeter  stoppered  graduate,  and 
diluting  with  88°  gravity  gasoline  to  100  cubic  centi- 
meters. The  tar  is  insoluble  in  gasoline,  and  either  pre- 
cipitates to  the  bottom  in  such  a  way  that  the  amount  can 
be  read  off  or  sticks  to  the  sides  of  the  vessel.  In  the  lat- 
ter case,  of  course  it  is  impossible  to  read  the  amount  of 
the  tar,  and  we  accordingly  proceed  as  follows  :  Have  a 
second  loo-cubic  centimeter  graduate  which  has  had  some 
gasoline  in  it  and  then  poured  out  and  drained.  After  the 
material  has  separated  completely,  quickly  pour  off  from 
the  full  graduate  into  the  empty  one  all  the  liquid,  taking 
care  not  to  allow  any  of  the  tar  to  run  out.  Read  off  now 
from  the  second  graduate  the  amount  of  solution,  which 
will  always  be  less  than  100  cubic  centimeters.  It  is  obvi- 
ous that  the  difference  is  the  amount  of  tar  plus  the  small 
loss  by  vaporization  during  the  operation.  The  error  due 
to  vaporization  under  careless  manipulation  might  be  con- 
siderable ;  but  we  are  inclined  to  think  with  some  experi- 
ence and  good  manipulation  the  error  does  not  amount  to 
over  1. 00  or  2.00  per  cent.  As  the  limits  of  our  specifica- 
tions are  moderately  wide,  we  have  never  had  occasion  to 
reject  a  shipment  from  the  errors  of  measurement. 

The  tar  acids  are  determined  by  taking  80  cubic  centi- 
meters of  the  clear  gasoline  solution  just  described,  and 
adding  to  it  20  cubic  centimeters  of  a  water  solution  of 
caustic  soda,  which  has  the  strength  corresponding  to  the 


specific  gravity  of  13°  Beaume.  We  also  add  4  cubic 
sentimeters  of  alcohol,  and  then  mix  thoroughly  by  shak- 
ing, the  operation  being  performed  in  one  of  the  loo-cubic 
centimeter  graduates  above  described.  Under  this  treat- 
ment the  tar  acids  combine  apparently  with  the  soda,  and 
go  into  the  water  solution,  increasing  its  volume.  The 
material  separates  into  two  distinct  layers.  The  line  of 
demarkation  is  very  sharp,  provided  the  alcohol  has  been 
used.  At  first,  before  alcohol  was  used,  we  could  not  get 
a  sharp  line  of  demarkation  ;  but  with  the  alcohol  the  line 
is  sharp  enough  for  good  reading.  A  preliminary  experi- 
ment without  the  tar  acids  being  present  showed  that  three 
cubic  centimeters  of  the  alcohol  goes  into  the  soda  solu- 
tion and  one  into  the  gasoline  solution.  It  is,  therefore, 
necessary  to  diminish  the  volume  of  the  soda  solution  by 
three.  The  increase  minus  these  three  cubic  centimeters  of 
alcohol  shows  the  volume  of  the  tar  acids  in  the  80  cubic 
centimeters  of  the  gasoline  solution  which  was  used. 
From  this  data  it  is  not  difficult  to  calculate  the  percentage 
of  tar  acids  in  the  original  material. 

The  manufacture  of  this  material  is  so  uniform  now  that 
it  is  very  rare  that  we  have  any  rejections,  and  the  use  of 
the  material  is  constantly  on  the  increase.  It  is  possible 
that  if  the  price  should  diminish  it  might  ultimately  be 
found  advantageous  to  treat  timber  en  masse  ;  but  thus 
far  the  use  of  the  material  has  been  confined  largely  to  the 
places  specified  in  accompanying  circular  : 

PENNSYLVANIA    RAILROAD   COMPANY. 

Motive  Power  Department, 

INSTRUCTIONS  IN  REGARD  TO  THE  USE   OF  WOOD  PRESERVATIVK. 

The  valuable  qualities  of  Wood  Preservative  as  a  means  of 
preserving  wood  from  decay  having  been  demonstrated  by 
careful  experiments,  it  is  desired  to  make  the  use  of  this  mate- 
rial more  general.  From  this  date  Wood  Preservative  will  be 
used  as  follows  : 

I.  On  all  tenons  and  in  all  mortises  in  both  Passenger  and 
Freight  Car  work,  and  in  the  wood  work  of  Tenders  and  Cabs, 
except  as  specified  in  Sections  V  and  VI.  The  skeletons  of 
Passenger  Equipment  cars,  as  well  as  the  backs  of  panels, 
should  be  coated  with  Wood  Preservative  instead  of  with 
Freight  Car  color  as  heretofore.  If  the  piece  of  wood  is  small 
it  is  well  to  dip  the  tenon  in  the  liquid.  In  all  other  cases  it 
should  be  applied  with  a  brush,  and  care  should  be  taken  to 
have  as  much  of  the  Wood  Preservative  taken  up  by  the  wood 
as  possible.  The  shoulders  of  the  tenons  and  the  shoulder  seat 
should  be  included  in  the  treatment,  as  it  is  found  that  the 
water,  which  gets  in  between  the  shoulders  and  shoulder  seats, 
causes  rapid  decay  in  these  places. 

II.  In  all  Pissenger,  Freight,  Tender  and  Cab  work,  where 
two  pieces  of  wood  touch  each  other,  at  least  one  good  coat  of 
Wood  Preservative  must  be  interposed,  except  in  the  joints  of 
the  siding  and  roofing,  and  except  as  specified  in  Sections  V 
and  VI  ;  the  roofs  of  Cabs  must  have  at  least  two  coats  before 
the  tin  is  put  on. 

III.  The  floors  of  all  Stock  Cars  and  of  cars  engaged  in  the 
manure  trade,  and  all  that  part  of  the  Tender  floor  which  is 
covered  by  the  cistern,  must  have  at  least  two  good  coats  of 
Wood  Preservative.  It  is  also  recommended  to  use  Wood 
Preservative  on  tenons  and  in  mortises  of  Shop  buildings  and 
all  over  floor  timbers  and  on  underside  of  flooring,  especially 
where  the  ground  is  damp  and  ventilation  poor. 

IV.  On  the  Floating  Equipment,  Wood  Preservative  should 
be  used  freely.  All  parts  of  the  hull  which  are  submerged 
should  have  at  least  one  good  coat,  and  it  should  be  used  on 
tenons  and  in  joints  everywhere,  where  it  will  not  interfere 
with  the  paint  as  described  below.  The  floors  of  Ferry  Boats 
under  the  sheathing,  and  the  sheathing  itself  should  have  not 
less  than  two  coats. 

V.  On  wood  that  has  been  treated  with  Wood  Preservative, 
it  is  found  that  paint  dries  very  slowly,  and  great  care  should 
be  taken  not  to  use  Wood  Preservative  or  permit  it  to  get  on 
surfaces  that  must  be  painted,  unless  four  or  five  days  can  be 
allowed  for  the  paint  to  dry  and  harden. 

VI.  In  those  situations  where  from  the  construction  em- 
ployed or  from  the  protection  afforded  by  the  paint,  water  can- 
not get  at  the  wood  work.  Wood  Preservative  need  not  be  used 
as  above  directed,  but  Wood  Preservative  being  a  preservative, 
it  is  better  to  use  it  where  it  is  not  actually  needed,  than  to 
allow  any  part  that  does  need  it  to  escape. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 
Altoona,  Pa.,  September  5,  1887. 
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We  hope  to  take  up  the  question  of  springs  in  the  next 
article. 

(to  be  continued.) 


AN  ENGLISH  LOCOMOTIVE  FOR  SUBURBAN 

SERVICE. 


The  accompanying  illustration,  from  the  Rail-way  En- 
gineer, shows  a  new  tank  engine  of  a  class  lately  designed 
by  Mr.  William  Adams,  Locomotive  Superintendent  of  the 
London  &  Southwestern  Railway,  for  working  the  heavy 
suburban  traffic  of  that  road.  They  are  intended  to  take 
the  place  of  a  lighter  class  of  engines,  and  the  company  is 
now  building  40  of  them  at  its  Nine-Elms  shop  ;  several 
of  them  are  already  at  work. 

The  engine,  it  will  be  seen,  is  of  the  Forney  type,  but 
follows  English  practice  in  the  plate  frames  and  inside 
cylinders.  It  is  carried  on  four  coupled  driving-wheels 
and  a  four-wheeled  truck. 

The  boiler  barrel  is  50  in.  in  diameter  and  9  ft.  y/z  in. 
long.  There  are  210  tubes  if  in.  in  diameter  and  9  ft. 
9  in.  long.  The  grate  area  is  13.8  sq.  ft.  ;  the  heating  sur- 
face is  :  Fire-box,  90  ;  tubes,  898  ;  total,  988  sq.  ft. 

The  cylinders  are  17  in.  in  diameter  and  24  in.  stroke. 
The  driving-wheels  are  58  in.  in  diameter  and  the  truck 
wheels  36  in..  The  driving-axles  are  spaced  6  ft.  10  in. 
between  centers,  and  the  distance  from  center  of  rear 
driving-axle  to  center  of  truck  is  11  ft.  The  truck  axles 
are  5  ft.  apart.  The  total  length  of  the  engine  over  all  is 
30  ft.  8X  in. 

The  water-tank  holds  800  galls,  of  water,  and  the  coal- 
box  2i  tons  of  coal.  The  total  weight  of  the  engine  in 
working  order  is  99,800  lbs.,  of  which  66,100  lbs.  are  car- 
ried on  the  four  driving-wheels,  and  33,300  lbs.  on  the 
truck. 

In  building  these  engines  cast  steel  has  been  used  wher- 
ever possible,  a  practice  which  Mr.  Adams  has  followed 
for  some  time.  Those  already  completed  are  giving  very 
good  results  in  service.  This  engine  might  be  compared 
with  the  New  York  Central  Suburban  locomotive  which 
was  described  and  illustrated  in  the  September  number 
of  the  Journal,  which  is  a  little  heavier. 


A  MATTER    OF   IMPORTANCE  TO  RAILROADS. 


The  not  infrequent  breaking  of  crank-pins  of  locomotive 
engines  is  a  source  of  accident  and  expense,  and  a  method 
of  avoiding  it,  without  making  the  pins  unnecessarily  large 
and  heavy,  is  very  desirable. 

The  Second  Vice-President  of  the  Lehigh  Valley  Rail- 
road, on  a  trip  over  the  line  recently,  experienced  some 
delay  on  account  of  the  breaking  of  the  main  crank-pin  of 
the  locomotive.     He  at  once  directed  that  a  part  of  this  pin 
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be  sent  to  the  Bethlehem  Iron  Company  for  analysis.  This 
was  done,  and  showed  a  good  quality  of  steel.  Pieces 
were  then  subjected  to  physical  test,  which  also  indicated 
a  good  grade  of  metal.  Then  the  pin  had  an  inch  hole 
drilled  ttirough  it,  and  was  oil-tempered  and  annealed. 
After  treatment  a  test  specimen  was  cut  from  the  pin  and 
subjected  to  a  physical  test.  The  result  was  an  increase 
in  tensile  strength  of  '].^  per  cent.  ;  in  elastic  limit  of  36.6 
per  cent.  ;  in  extension  of  34.9  per  cent.,  and  in  contrac- 
tion of  area  at  point  of  fracture  of  39.  i  per  cent. 

The  accompanying  table  shows  the  result  of  this  test. 
The  first  three  lines,  specimens  L.\,  L.z  and  7'.3,  show 
tests  of  specimens  of  the  metal,  both  longitudinal  and 
transverse  sections.  The  small  diagram,  fig.  i,  shows  the 
way  in  which  the  specimens  were  cut  from  the  broken 
pin.  The  transverse  specimen,  marked  7^.3,  was  taken 
from  the  smooth  part  of  the  fracture.  The  fourth  line, 
marked  H.S.L.2,  shows  the  results  obtained  from  the  test 
of  the  metal  after  treatment.  A  study  of  this  table  will 
tell  the  story  at  once. 

The  results  of  this  test  were  so  striking  that  instructions 
were  at  once  given  that  20  locomotives  now  being  built 
at  the  Baldwin  Locomotive  Works  for  the  road  should  be 
furnished  with  steel  crank-pins  oil-tempered  and  annealed, 
and  all  pins  hereafter  used  will  be  of  the  same  character. 
It  has  also  been  decided  that  all  pins  hereafter  used  upon 
pin-connected  bridges  shall  be  treated  in  the  same  way. 

It  may  also  be  mentioned  that  the  Lehigh  Valley  Com- 
pany IS  now  having  two  sets  of  locomotive  tires  oil-tem- 
pered and  annealed,  and  excellent  results  are  expected 
from  the  treatment.  In  fact,  the  results  of  these  experi- 
ments would  seem  to  indicate  that  it  would  be  well  to  have 
the  guides,  connecting-rods  and  other  parts  of  the  loco- 
motive now  made  of  steel  treated  in  a  similar  way. 


THE  GLASGOW  HARBOR  TUNNEL. 


(From  Industries^ 


The  work  on  this  tunnel  was  begun  in  May,  1890,  and 
it  is  expected  that  it  will  be  finished  early  next  year.  It 
extends  under  the  river  Clyde,  where  it  forms  the  harbor 
of  Glasgow,  and  is  intended  to  furnish  a  crossing  for  pas- 
sengers and  vehicles  at  a  point  some  distance  below  any 
of  the  present  bridges  and  where  a  bridge  of  any  kind  ex- 
cept at  a  very  high  level  would  be  an  obstruction  to  navi- 
gation. It  is  built  by  a  corporation  known  as  the  Glasgow 
Harbor  Tunnel  Company,  the  contract  being  taken  by 
Hugh  Kennedy  &  Sons,  Partick,  Scotland. 

The  work  consists  of  three  separate  tunnels,  two  being 
intended  for  vehicles  and  one  for  foot  passengers.  The 
approaches  to  the  tunnels  are  formed  by  circular  shafts,  in 
which  will  be  fitted  flights  of  stairs  and  hydraulic  elevators. 
These  elevators  will  be  made  capable  of  taking  maximum 
loads  of  10  tons,  and  will  be  so  arranged  as  to  avoid  any 
delay  in  ascending  or  descending  the  shafts.  It  will  be 
seen  by  the  plan  that  all  three  tunnels  connect  at  each  end 
with  the  same  shaft. 

Each  shaft  is  circular,  and  has  a  diameter  of  80  ft.  ; 


Test  of  Driver  Pin  Broken  July  31,  1891,  on  Engine  "  Idlewild." 

Mark  on 
Specimen. 

Dimensions. 

Test. 

Appearance  of  Fracture. 

Size. 

Length, 

Tensile 
Strength. 

Elastic 
Limit. 

,   Per  cent. 
Extension. 

Per  cent. 
Contraction. 

Remarks. 

L.I 

L.9      . 

T.3 

0.499" 
0.499' 
0.500' 

2' 
2' 

a' 

88,970 
88,460 
94,220 

391880 
39,880 
39.7*0 

i7-a5 
»7-35 
16.85 

4350 
4350 
21.49 

Irreg.  gray  cryst.  specks, 
tt         ti        (t            It 

Cryst.  gniy  spot  on  edge. 

Specimen  cut  from  pin  as  received. 

C4                   ti           tc           <l        tt                  tt 

tt          «<      tt      ft    <t          tt 

H.S.L.  a. 

0.498- 

a' 

97.540 

54.430 

23.10 

S0.31 

Dense  gray  lipped. 

From  piece  of  pin  after  boring  hole 
I*  in  diameter,  and  oil-tempering 
and  annealing. 

Specimens  all  from  crank-pin  Lehigh  Valley  Railroad  locomotive  No.  416,  broken  in  service. 
Analysis  :  Carbon,  .53;  manganese,  .59  ;  phosphorus,  .047  ;  sulphur,  .069  ;  silicon,  .170. 
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that  on  the  north  side  being  72  ft.  6  in.  in  flepth,  and  that 
on  the  south  side  being  3  It.  deeper.  The  excavation 
of  the  shafts  or  walls  is  carried  on  inside  an  open  double- 
skinned  lining,  which  descends  by  its  own  weight  as  the 
removal  of  material  proceeds.     The  work  of  excavation 


The  work  has  been  done  in  lo-ft.  lengths,  and  in  the  cus 
tomary  manner.     A  few  boulders  of  size   have  been  met 
with,  but  their  removal  has  been  readily  effected.     The 
cast-iron  lining  of  the  tunnels,  see  fig.  4,  will  be  composed 
of  segments  in  rings  18  in.  long.     Each  segment  will  be 


Fio.  1. — Tkanstkbsb  Sbction  of  Rivk&.  showing  Tunnels  and  Shafts. 


SOALE   OF    FEET. 


o 


WU^L^iS:^^. 


MIDDLt.  TUNNEL 


E»ST   TyNNEL 


> 
« 


Fio.  2.— Part  Sectional  Plan  of  Tunnels  and  Shafts. 
THE   GLASGOW    HARBOR   TUNNEL. 


has  been  performed  by  hand  labor  filling  skips  worked  by 
steam  cranes  situated  on  the  surface.  The  skins  of  the 
lining  are  composed  of  cast-iron  plates,  each  4  ft.  long  by 
2  ft.  in  depth,  with  a  flange  inside  all  round  3  in.  in  depth, 
and  of  >^-in.  metal  throughout.  The  plates  are  bolted 
together  by  ^-in.  bolts,  spaced  12  in.  apart,  about  ^s-in- 
space  being  left  between  the  Hanges  for  wedging  with  soft 
wood,  a  mode  of  packing  the  joints  which  has  proved  high- 
ly satisfactory  and  water-tight  under  considerable  pres- 
sure. The  skins  are  tied  together  at  the  top  of  each  tier 
of  plates  by  malleable  iron  ties,  3  ft.  deep  by  %  in.  thick, 
secured  to  the  flanges  by  ^i-'\n.  bolts.  The  lining  is  armed 
with  a  cutting  edge  to  facilitate  its  descent.  The  space 
between  the  inner  and  outer  skins  of  the  linii»g  is  filled 
with  concrete  composed  of  five  parts  of  broken  stone  and 
sand  to  one  part  of  cement.  As  the  lining  descends,  fresh 
segments  are  added.  Both  shafts  have  now  been  success- 
fully sunk  to  their  full  depth,  that  on  the  north  side  pass- 
ing entirely  through  running  sand.  The  pumps  had,  how- 
ever, no  difficulty  in  coping  with  all  water  met.  On  the 
south  side  an  inclined  bed  of  boulder  clay  was  met  after 
passing  through  the  running  sand,  and  it  was  found  neces- 
sary to  weight  one  side  of  the  caisson  to  insure  vertical 
descent.  The  boulder  clay  is  of  a  particularly  hard  and 
stiff  nature,  and  affords  an  excellent  foundation  for  the 
caisson. 

Passing  to  the  tunnels,  which,  as  we  have  explained,  are 
three  in  number,  two  for  vehicular  traffic  and  one  for  pas- 
senger traffic,  their  construction  will  be  noted  from  the 
accompanying  cross  sections,  partly  lined  with  brick,  fig. 
3,  and  partly  with  cast  iron,  fig.  4.  The  tunnels  are  only 
2  ft.  apart  from  each  other,  and  their  crowns  are  about  15 
ft.  below  the  river  bed.  allowing  therefore  ample  margin  for 
future  dredging  operations.  In  the  boulder  clay,  where 
the  tunnels  are  brick-lined,  their  diameter  is  18  ft.,  while 
beneath  the  river,  where  cast-iron  segments  will  be  em- 
ployed, the  diameter  is  2  ft.  less. 

The  portion  through  boulder  clay,  fig.  3,  is  constructed 
on  a  concrete  invert  flooring,  with  circular  brick  lin- 
ing composed  of  five  rings  of  brickwork  set  in  cement. 
The  west  tunnel  is  constructed  for  150  ft.  under  the  river 
on  the  south  side,  and  preparations  are  in  hand  for  com- 
mencing work  with  the  second  shield  in  the  east  tunnel, 
which  is  now  driven  100  ft.  also  from  the  south  side.  The 
construction  of  the  tunnel  so  far  calls  for  no  special  remark. 


••^ualrtro 


Fio.  3. — Seotioii  or  Brick  Lining. 


Fig.-  4. — Skction  of  Cast-ikon  Lining. 
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about  4  ft.  X  i8  in. /except  at  the  top  of  the  tunnels,  where 
smaller  pieces  about  9  in.  x  18  in.  will  be  introduced. 

Each  segment  will  have  a  flange  all  round  the  inside  6 
in.  deep,  measured  from  the  outside  of  the  body  of  the 
plate.  The  body  of  each  segment  will  be  i  in.  thick,  and 
the  flanges  1%  in.  thick.  The  segments  will  be  joined 
together  with  ^-in.  bolts  about  9  in.  apart,  leaving  a  space 
of  about  yi  in.  between  the  flanges  for  wedging  up  with 
soft  wood  packing,  and  thus  securing  a  perfectly  water- 
tight joint.  The  passenger  tunnel  will  be  constructed 
throughout  of  cast-iron  segments,  and  will  have  flat  stairs 
at  each  end  in  gradients  of  one  in  three,  thus  obviating  the 
necessity  of  hoists. 

As  regards  the  materials  used  in  the  undertaking,  the 
bricks  are  specified  9  in.  X  A/4,  in.  X  3)4  in.,  with  usual 
requirements  as  to  soundness,  shape,  and  thorough  burn- 
ing, saturation  in  water  previous  to  use  being  likewise  re- 
quired. The  mortar  is  specified  to  be  of  the  best  Portland 
cement  and  clean  sharp  sand,  in  proportions  of  one  to 
three.  The  Portland  cement  is  required  to  be  extremely 
fine,  and  weigh  not  less  than  112  lbs.  to  the  imperial 
bushel ;  samples  of  it  to  bear  a  tensile  load  of  not  less 
than  350  lbs.  per  square  inch  of  section  after  seven  days' 
immersion  in  water.  All  exposed  joints  of  the  brickwork 
are  specified  to  be  neatly  pointed  and  drawn  in  with  a 
X-in.  key.  The  concrete  is  composed  of  one  part  of 
Portland  cement  (of  the  same  quality  as  above),  one  part 
of  clean  sharp  sand,  and  five  parts  of  hard  stones  or  bricks 
broken  to  pass  through  a  2-in.  ring.  The  cast-iron  work, 
made  of  tough  Scotch  gray  iron,  is  required  to  bear  a  ten- 
sile stress  ot  6yi  tons  per  sq.  in.  of  section  before  fracture 
and  2%  tons  per  sq.  in.  without  loss  of  elasticity,  while  a 
bar  I  in.  sq.  is  to  sustain  a  weight  of  7  cwt.  at  the  center 
of  a  3-ft.  span.  All  castings  are  to  be  sound,  clean,  free 
from  cinder,  air-holes,  twists,  and  all  similar  blemishes, 
and  to  have  a  skin  perfectly  smooth  and  uniform.  The 
malleable  iron  is  specified  not  to  fracture  with  a  less  load 
than  22  tons  per  sq.  in.  of  sectional  area,  with  an  elonga- 
tion before  fracture  of  not  less  than  8  per  cent,  on  a  length 
of  10  in.  The  iron  work  is  dipped  in  a  mixture  of  boiling 
tar  and  pitch,  and  all  exposed  parts  receive  two  coats  of 
Carson's  patent  anti-corrosive  white  paint. 

The  work  of  riveting  up  the  second  shield  at  the  bottom 
of  the  shaft  on  the  south  side  will  shortly  be  commenced, 
while  the  erection  of  air-compressing  plant  and  boiler 
power  for  the  same  on  the  surface  is  completed. 


THE  UNITED  STATES  NAVY. 


The  Navy  Department  has  devoted  considerable  atten- 
tion recently  to  the  armor  for  the  new  ships,  and  experi- 
ments have  continued  at  the  new  Indian  Head  proving 
ground  on  the  Potomac.  In  the  latest  trials  two  targets 
were  made  up,  one  composed  of  two  i^-in.  plain  steel 
plates,  and  the  other  of  two  plates  of  the  same  thickness 
of  nickel  steel.  They  were  intended  to  represent  a  pro- 
tective deck,  and  in  these  trials  were  placed  almost  hori- 
zontally, presenting  an  angle  of  2°  only  to  the  line  of  fire. 
The  gun  used  was  a  6-in.  breech-loading  rifle  with  a  loo-lbs. 
armor-piercing  projectile.  With  a  muzzle  velocity  of  1,780 
foot-seconds,  the  shots  passed  through  both  of  the  plain 
steel  plates,  through  2  ft.  of  oak  backing  and  8  ft.  of  earth. 
With  the  nickel-steel  plates,  on  the  other  hand,  the  shot 
had  a  velocity  of  1,873  foot-seconds,  and  its  only  effects  on 
the  target  were  a  small  crack  5  in.  long  in  one  plate  and 
an  indentation  from  3  to  5  in.  deep.  The  shot  itself  was 
broken  in  pieces. 

The  tests  of  nickel-steel  and  of  the  Harvey  process  have 
been  so  successful  that  the  Navy  Department  has  given  an 
order  for  nickel-steel  armor  plates  for  the  13-in.  side  armor 
for  the  coast  defense  ship  Monterey,  now  building  in  San 
Francisco.  The  turret  armor  for  this  ship,  which  is  now 
being  made  at  Bethlehem,  and  which  is  of  plain  steel,  will 
also  be  treated  by  the  Harvey  process. 

The  new  6-in.  rifle  built  at  the  Washington  Navy  Yard 
has  given  some  excellent  results  under  test.  This  is  the 
longest  6-in.  gun  yet  made  by  the  Navy,  having  a  length 
of  40  calibers.  With  this  gun  a  velocity  of  2,180  foot- 
seconds  has  been  attained  without  exceeding  an  internal 
pressure  of  15  tons  to  the  square  inch. 


Trials  have  been  made  of  the  first  samples  of  smokeless 
powder  for  the  Navy  Department  with  very  good  success. 
These  trials  were  made  with  6pounder  and  3-pounder 
rapid-fire  guns.  The  powder  has  been  made  by  Professor 
Munroe,  chemist  at  the  torpedo  station  at  Newport,  and 
its  composition  has  not  been  made  public. 

The  Washington  Ordnance  Shop  has  completed  the  first 
of  the  4-in.  and  5-in.  rapid-fire  guns.  The  4-in.  gun  is  de- 
signed for  a  muzzle  velocity  of  2,000  ft.,  with  a  projectile 
weighing  33  lbs.  and  a  charge  of  12  to  14  lbs.  This  gun 
has  a  bore  of  128  in.  There  are  30  grooves  in  the  rifling. 
The  total  length  of  the  piece  is  13^7  ft.,  and  its  weight  lyi 
tons.  The  5-in.  gun  weighs  3.1  tons,  and  is  17.4  tt.  long 
over  all.  It  is  expected  to  attain  a  muzzle  velocity  of  2.250 
ft.,  with  a  shot  weighing  168  lbs.  and  a  charge  of  30  lbs. 
of  powder.  The  mount  for  these  guns  is  that  designed  by 
Lieutenant  Fletcher,  and  is  of  the  same  type  which  has 
been  used  for  similar  rapid-fire  guns. 

NEW  SHIPS. 

The  next  ship  to  be  launched  for  the  Navy  will  probably 
be  Cruiser  No.  9,  which  has  been  named  North  Point, 
and  which  is  under  construction  at  the  Columbian  Iron 
Works,  in  Baltimore.  This  ship  and  No.  10,  which  is  at 
the  same  yard,  are  257  ft.  long,  37  ft.  beam,  14  ft.  6  in. 
mean  draft  and  2,000  tons  displacement.  They  are  to 
have  a  speed  of  18  knots,  will  be  armed  with  rapid-fire 
guns,  and  will  doubtless  be  very  useful  ships. 

Bids  were  opened  August  26  for  the  construction  of  tor- 
pedo-boat No.  2,  a  description  of  which  has  already  been 
published.  This  is  to  have  a  maximum  speed  of  25  knots 
an  hour  guaranteed  by  the  contractor.  Two  bids  only 
were  received.  The  Cowles  Engineering  Company,  of 
Brooklyn,  N.  Y.,  offered  to  build  the  ship  for  1117,490, 
while  the  Iowa  Iron  Works,  of  Dubuque,  la.,  presented  a 
bid  for  $113,500.  It  is  probable  that  the  contract  will  be 
awarded  to  the  last-named  company,  as  a  report  has  been 
made  to  the  Navy  Department,  after  inspection,  that  it 
possesses  sufficient  facilities  for  executing  the  contract 
properly,  and  within  the  required  time. 


A  LONG  COMPARATOR. 


By  Professor  J.  Howard  Gore. 


We  are  a  nation  of  boasters,  addicted  to  a  chronic  use 
of  superlative  adjectives.  It  is  our  pleasure  to  speak  of 
the  tallest  monument,  the  longest  bridge,  the  greatest 
lakes  and  rivers,  etc.,  and  we  reach  our  climax  of  joy  when 
we  add  **  in  the  world."  After  the  perusal  of  this  article 
some  may  feel  that  there  is  now  one  thing  more  to  be  placed 
in  the  superlative  class — the  longest  Comparator  in  the 
world.  The  Coast  Survey  several  years  ago  laid  out  and 
marked  near  Washington  a  kilometer  which  was  to  have 
the  name  "standard  kilometer,"  but  it  has  never  been 
standardized.  Likewise  the  Prussian  Geodetic  Institute 
has  projected  a  kilometer  near  its  new  building  at  Pots- 
dam, but  the  expectation  is  that  this  will  be  regarded 
merely  as  a  test  base  where  various  forms  of  apparatus 
can  be  tried.  But  the  hectometer  at  the  Holton  base-line 
is  in  the  strictest  sense  of  the  word  a  comparator,  and  one 
of  the  highest  degree  of  merit. 

At  each  end  of  the  stretch  heavy  rectangular  stone  pil- 
lars were  set  on  top  of  a  broad  foundation  which  were 
placed  on  a  base  of  cement.  The  tops  of  these  stones  are 
even  with  the  surface  of  the  ground,  and  are  provided  with 
brass  bolts  whose  upper  ends  terminate  in  carefully  turned 
hemispheres.  These  bolts  are  firmly  imbedded  in  the 
stones,  and  project  far  enough  above  the  stones  to  admit 
of  caps,  which  are  screwed  over  the  hemispheres  for  their 
protection.  These  spheres  are  not  marked,  but  serve  as 
the  support  of  what  is  called  a  cut-o^— such  as  was  used 
by  the  Lake  Survey  with  such  marked  success.  In  the 
main  a  cut-off  consists  of  a  steel  tube,  the  lower  end  fur- 
nished with  a  socket  which  fits  the  brass  hemisphere  just 
mentioned  ;  the  other  end  carries  a  level  and  scale  fixed  at 
right  angles  to  its  axis.  This  scale  is  accurately  divided 
into  millimeters,  the  zero  point  being  in  the  axis  of  the 
steel  tube.  It  is  apparent  that  when  the  level,  in  adjust- 
ment, indicates  horizontality,  the  zero  point  of  the  scale  is 
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directly  over  the  center  of  the  sphere  on  which  the  tube 
rests.  If  the  graduation  of  the  scale  is  eccentric,  the  error 
is  eliminated  by  reversing  the  scale — that  is,  by  turning  the 
tube  through  i8o°  in  azimuth.  'The  tube  has  a  rack  so 
constructed  that  the  upper  end  can  be  thrust  upward,  thus 
carrying  the  scale  into  the  focus  of  a  reading  microscope. 
With  the  ends  of  the  comparator  in  the  axes  of  the  cut-offs 
— one  at  each  end — the  question  remains,  how  to  deter- 
mine the  g X aci  distamce  between  these  verticals.  A  double 
track  resting  on  broad  stringers  spiked  to  4-in.  X  12-in. 
posts  well  set  in  the  ground  extends  from  one  end  of  the 
comparator  to  the  other,  with  the  terminal  stones  approxi- 
mately midway  between  the  two  tracks,  but  completely 
isolated  from  them.  Opposite  these  stones,  and  near,  but 
not  touching  the  track,  are  6-in.  X  6-in.  posts  projecting 
about  19  in.  above  the  track  ;  similar  posts  are  likewise 
placed  in  the  line  of  these  two  along  the  whole  length  at  a 


and  in  the  focus  of  the  microscope  just  used,  a  pointing  is 
made  on  the  terminal  line  within  the  nearest  revolution  of 
the  micrometer  and  the  division  recorded  ;  while  this  is 
being  done  a  similar  microscope  is  read  on  the  forward 
end  of  the  bar.  The  bar  is  then  wheeled  along  until  the 
rear  end  occupies  a  position  with  respect  to  the  second 
microscope  that  it  just  had  with  respect  to  the  first,  and 
the  microscope  vacated  is  carried  forward  and  clamped  to 
a  post  ready  for  future  use  ;  with  four  of  these  micro- 
scopes there  is  ample  time  for  one  to  become  steady  be- 
fore being  used.  From  this  it  is  seen  that  each  forward 
microscope  is  made  to  fix  and  hold  the  exact  point  reached 
by  a  length  of  the  bar.  When  the  other  end  of  the  com- 
parator is  reached,  an  operation  approximately  the  con- 
verse of  the  one  first  described  is  performed,  that  is,  the 
pointing  is  first  made  on  the  bar,  and  that  point  deter- 
mined with  respect  to  the  center  of  the  sphere  by  readings 


THE    HOLTON   COMPARATOR. 
SHOWING  APPLICATION  OF  SECONDARY   BARS  TO  THE  COMPARATOR. 


distance  of  5  meters  apart.  They  are  supports  for  reading 
microscopes. 

The  only  feature  that  remains  to  be  described  is  the  bar 
and  its  application  to  the  comparator.  The  bar  is  of 
steel,  with  silver  plugs  set  in  its  neutral  axis,  on  whose 
upper  surfaces  a  fine  line  on  each  marks  the  terminus  of 
the  5  meters.  This  bar  rests  in  the  vertical  of  its  greater 
transverse  section  in  a  steel  Y-shaped  trough.  The  trough 
itself  is  carried  on  two  trucks  of  three  wheels  each  so  dis> 
tributed  as  to  run  smoothly  on  the  iron  rails  of  the  track 
already  described.  By  means  of  screws  the  supports  of 
the  trough  can  be  moved  transversely  in  the  direction  of 
its  length,  and  up  or  down. 

Before  leaving  Washington  the  bar  was  most  carefully 
compared  with  the  committee's  meter,  both  being  sur- 
rounded by  ice,  so  that  the  distance  between  the  lines  on 
the  plugs  is  known  at  this  temperature.  In  obtaining  the 
length  of  the  comparator,  the  operation  in  general  is  as  fol- 
lows :  The  cut-off  is  placed  in  position  and  leveled,  a  read- 
ing microscope  provided  with  a  micrometer  reading  to 
tenths  of  a  mikron,  is  pointed  on  a  convenient  division  of 
the  scale,  and  read  both  before  and  after  reversal,  together 
with  contemporaneous  level  readings  ;  the  cut-off  is  re- 
moved, and  the  carriage  bearing  the  bar  surrounded  by 
fine  ice  is  rolled  along  until  its  rear  end  is  brought  under 


on  the  cut-off.  These  operations,  somewhat  complex  in 
their  description,  are,  however,  so  readily  performed  that 
the  twenty  applications  necessary  for  measuring  the  hec- 
tometer can  be  made  in  about  half  an  hour. 

Every  possible  care  has  been  taken  to  secure  stability  in 
the  track,  stones,  and  microscopes,  and  by  way  of  precau- 
tion the  walks  on  both  sides  of  the  track  are  covered  with 
sawdust,  and  the  whole  is  roofed  in  and  enclosed  on  one 
side  and  both  ends.  Its  east  and  west  direction  protects 
all  parts  of  the  apparatus  from  sudden  changes  of  tem- 
perature due  to  sunshine  and  clouds. 

From  a  number  of  measurements  of  the  comparator  the 
probable  error  of  its  length  has  been  found  to  be  equiva- 
lent to  one  part  in  five  millions,  which  is  approximately 
the  same  as  the  error  of  comparing  the  five-meter  bar  with 
the  prototype,  so  that  we  may  say  the  length  of  the  com- 
parator is  absolutely  known  in  terms  of  the  international 
standard. 

On  this  comparator  the  apparatus  used  in  measuring  the 
Holton  base  has  been  tested  with  most  satisfactory  results. 
Likewise  the  tapes  to  be  employed  in  the  same  work  have 
had  their  lengths  determined  here,  and  also  their  coeffi- 
cients of  expansion. 

The  discussion  of  the  observations  made  at  Holton  will 
contain  most    interesting  facts  regarding  the  behavior  of 
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metals  at  different  temperatures,  the  effects  of  tension  on 
length,  and  the  possibilities  of  tapes  for  base  measuring. 

The  accompanying  illustration,  from  a  photograph, 
shows  the  application  of  secondary  bars  to  the  comparator. 
From  this  and  the  description  above,  the  method  of  opera- 
tion can  be  readily  understood. 


THE  WOOTTEN  LOCOMOTIVE. 


The  report  of  the  Committee  on  Science  and  the  Arts 
of  the  Franklin  Institute,  awarding  the  John  Scott  pre- 
mium and  medal  to  Mr.  John  E.  Wootten,  for  his  inven- 
tion of  a  locomotive  boiler,  has  been  recently  published  in 
the  Journal  of  the  Franklin  Institute,  and  to  it  we  are 
indebted  for  the  following  account,  which  includes  the 
substance  of  the  report : 

The  distinguishing  features  of  these  engines,  as  com- 
pared with  others,  is  a  much  greater  breadth  of  furnace 
and  larger  area  of  grate,  with  a  less  depth  of  fuel  thereon, 
a  change  in  the  location  of  the  cab  from  the  rear  of  the 
engine  and  at  the  sides  of  the  fire-box  to  a  position  above 
the  furnace,  in  some  instances,  and  in  others  on  each  side 
of  the  waist  of  the  boiler  immediately  in  front  of  the  fire- 
box, the  steam-dome  being  located  in  the  cab. 

The  construction  of  frames,  driving-wheels,  cylinders 
and  steam-chests  is  not  strikingly  different  from  other 
well-known  and  usual  types  of  engines. 

This  engine  has  been  gradually  developed  into  its  pres- 
ent form  ;  at  the  outset,  a  demand,  constantly  increasing, 
for  cheaper  freights  and  diminished  expense  for  motive- 
power  in  drawing  trains,  compelled  the  use  of  trains  of 
greater  capacity,  so  as  to  reduce  the  cost  of  wages  rela- 
tively to  the  tonnage  hauled.  This  necessitated  more 
powerful  engines  ;  ai^d  while  it  was  not  difficult  to  increase 
the  cylinder  capacity  or  piston  displacement  of  the  en- 
gines, the  limit  of  the  boiler  to  supply  adequate  steam  to 
such  engines  was  soon  reached. 

The  gauge  of  the  railroad  appeared  to  limit  the  width  of 
the  boilers  admissible,  the  frames  could  not  be  spread  any 
further  apart,  and  under  the  practice  of  placing  the  fur- 
nace of  the  boiler  between  the  frames,  the  only  increase 
of  grate  surface  practicable  was  in  the  direction  of 
length.  This  rendered  firing  more  difficult,  and  a  deep 
bed  of  fuel  was  required  to  maintain  steam  pressure, 
the  draft  of  air  to  maintain  combustion  demanded 
greater  pressure  on  the  exhaust,  which  could  only  be  en- 
forced by  contracting  the  nozzle  of  the  exhaust  pipe  and 
imposing  a  pressure  upon  the  steam  pistons  during  the  re- 
turn strokes.  This,. in  view  of  the  large  piston  surface 
recently  coming  into  vogue,  especially  in  compound  loco- 
motives, means  a  serious  waste  of  force. 

In  addition  to  the  above  incentives  to  improvement,  im- 
mense quantities  of  perfectly  good  coal,  in  dust  and  small 
grains,  was  steadily  accumulating  around  every  mine,  and 
while  its  value,  when  burned  in  a  well-adapted  furnace  in 
a  stationary  engine,  was  a  matter  of  daily  demonstration, 
no  long  furnace  or  deep  bed  of  such  fuel  was  able  to  burn 
it  upon  a  railroad  locomotive  ;  and,  moreover,  a  deep  fire 
of  such  fuel  would  not  burn  because  the  draft  could  not 
be  forced  through  its  entire  surface  without  much  of  the 
fuel  being  carried  beyond  reach  with  the  then  generally 
adopted  furnaces. 

The  solution  of  this  difficulty  was  found  in  an  increased 
breadth  of  furnace,  grate  and  fiie-box  to  accommodate  it. 
Space  to  contain  such  boilers  without  interfering  with  the 
driving-wheels  was  procured  by  placing  the  boiler  above 
the  driving-wheels  and  frames,  which  were  protected  from 
ashes  by  a  hopper-shaped  ash-pit. 

The  boiler  then  had  broad  expanses  of  nearly  flat  metal- 
lic external  as  well  as  internal  surfaces,  having  cross- 
seams  exposed  to  high  internal  pressure  and  required  to 
be  securely  stayed  or  braced.  The  form  of  the  plates 
piesented  oblique  opposing  surfaces,  and  stay-bolts  diago- 
nal to  such  surfaces  were  applied  to  hold  them  toeether. 

The  oblique  strain  upon  such  stays  and  the  oblique  in- 
tersections of  the  stays  and  plates  were  subjected  to  shear- 
ing or  diagonal  strains,  and  the  failuic  of  such  stays  by 


breaking  close  to  the  plates  became  a  conspicuous  objec- 
tion to  such  structures. 

The  remedy  was  found  in  changing  the  form  of  the  fur- 
nace and  the  portion  of  the  external  shell  of  the  boiler  en- 
closing it  so  as  to  bring  nearly  parallel  surfaces,  formed 
of  large  plates  without  cross-seams,  opposed  to  each  other. 
After  this  the  stays  uniting  them  were  subjected  only  to 
direct  tensile  strains,  and  withstood  them. 

The  fuel  in  such  broad  expanses  of  surface  developed 
volumes  of  combustible  gas,  which  burned  with  best  effect 
when  in  large  body  or  volume,  but  only  imperfectly  when 
subdivided  by  entering  the  flue  tubes  ;  so  a  combustion 
chamber  was  added. 

The  volume  of  draft  usual  with  large  fuel  when  applied 
to  fine  or  pulverulent  fuel  on  a  small  grate  surface,  lifts 
and  carries  much  of  it  mechanically  from  the  furnace,  but 
in  the  broad  expanses  of  grate  furnished  in  this  boiler,  the 
same  volume  passes  through  at  a  lower  velocity  and  with 
less  pressure,  so  that  instead  of  sweeping  particles  of  fuel 
through  the  tubes  with  the  products  of  combustion,  the  fine 
ash  only  appears  to  pass  and  deposit  in  a  flocculent  state 
in  the  smoke-box  and  chimney. 

The  changes  in  form  of  the  boiler,  which  we  have  thus 
far  noted,  are  with  reference  to  the  combustion  of  fuel 
and  generation  of  heat  and  durability  of  the  boiler. 

From  experience  it  appeared  desirable  to  place  as  much 
of  the  weight  of  the  boiler  as  practicable  lower  down. 

This  was  effected  by  the  partition  or  bridge,  excluding 
the  fuel  from  the  combustion  chamber,  in  the  shape  of  a 
dam,  with  the  flue  tubes  and  waist  lower  down  in  relation 
to  the  grate  surface. 

The  combined  effect  of  these  improvements  can  best  be 
understood  by  the  report  of  the  engine  as  worked  upon  the 
roads. 

A  sufficient  proportion  of  the  weight  of  the  engine  is 
placed  upon  the  front  truck  wheels,  serving  to  guide  it 
securely  upon  the  rails,  while  as  large  a  propyortion  as  is 
practicable  is  utilized  in  compelling  adhesion  between  the 
driving-wheels  and  tne  rails  for  purposes  of  propulsion. 

A  capacity  for  burning  fuel,  impracticable  in  furnaces 
of  small  grate  area  and  large  depth  of  fire-bed,  and  an 
economy  in  quantity  as  well  as  quality  of  fuel  required, 
ensued. 

The  several  stages  of  improvement  are  set  forth  in  the 
letters-patent,  and  a  brief  notice  of  their  features  is  here 
briefly  stated  in  chronological  order. 

In  letters-patent  192,725,  of  July  3.  1877,  the  hopper- 
shaped  ash-pit  and  fire  box  extending  sidewise  over  the 
rear  driving-wheels  ot  one  engine  with  six  drivers  and  four 
truck  wheels  is  shown,  the  combustion  chamber  being  over 
the  middle  driving-wheel  axle,  and  included  in  a  tapering 
part  of  the  boiler  uniting  the  fire-box  portion  with  the 
cylindrical  waist.  The  claim  of  this  patent  is  for  a  fire- 
box wider  than  the  distance  between  the  wheels,  and  for 
the  combustion  chamber  in  combination  with  a  bridge 
wall. 

In  letters-patent  No.  254,581,  of  March  7,  1882,  the  ash- 
pit is  in  the  form  of  two  rectangular  funnels  or  hoppers. 
the  grate  is  inclined  from  rear  downwardly  to  the  front,  a 
flat  crown-sheet  is  used,  stayed  with  parallel  vertical  stays 
to  the  outer  curved  shell,  and  the  proportion  of  the  com- 
bustion chamber  in  length  to  the  furnace  chamber  is  re- 
duced. 

In  letters-patent  291,120,  dated  January  i,  1884.  the  for- 
ward part  of  the  grate  immediately  in  the  rear  of  the 
bridge  wall  and  across  the  entire  width  of  the  fire-box  is 
covered  with  fire-brick  to  receive  small  particles  of  fuel 
which  the  draft  through  the  grate  would  otherwise  sweep 
over  the  bridge  wall. 

Patent  No.  352,215,  of  November  q,  1886,  shows  an  im- 
proved form  of  bridge  wall  which  practically  separates  a 
combustion  chamber  within  the  fire-box  from  the  fuel  sup- 
porting space  on  the  grate. 

Patent  No.  354,37o,  of  December  14,  1886,  is  for  a  con- 
struction of  Doiler  in  which  the  rearward  flue-sheet  of  the 
furnace  is  without  perforations,  and  acts  as  a  bridge  wall 
dispensing  with  the  separate  bridge  walls  in  the  preceding 
forms  of  this  boiler. 

Patent  No.  361,661,  of  April  19,  1887,  to  J.  F.  Wootten 
and  J.  Snowden  Bell,  is  for  a  form  of  this  boiler  in  which 


4S8 


THE    RAILROAD    AND 


[October,  189!. 


directly  over  the  center  of  the  sphere  on  which  the  tube 
rests.  If  the  graduation  of  the  scale  is  eccentric,  the  error 
is  eliminated  hy  reversing  the  scale— that  is,  by  turning  the 
tube  through  180^  in  azimuth.  The  tube  has  a  rack  so 
constructed  that  the  upper  end  can  be  thrust  upward,  thus 
carrying  the  scale  into  the  focus  of  a  reading  microscope. 
VVMth  the  ends  of  the  comparator  in  the  axes  of  the  cut-offs 
— one  at  each  end — the  <juestion  remains,  how  to  deter- 
mine the  ^'^<?(7  distance  between  these  verticals.  A  double 
track  resting  on  broad  stringers  spiked  to  4-in.  X  12-in. 
posts  well  set  in  the  ground  extends  from  one  end  of  the 
comparator  to  the  other,  with  the  terminal  stones  api)roxi- 
mately  midway  between  the  two  tracks,  but  completely 
isolated  from  them.  Opposite  these  stones,  and  near,  but 
not  touchmg  the  track,  are  6-in.  X  6-in.  posts  projecting 
about  19  in.  above  the  track  ;  similar  posts  are  likewise 
placed  in  the  line  of  these  two  along  the  whole  length  at  a 


and  in  the  focus  of  the  microscope  just  used,  a  pointing  is 
made  on  the  terminal  line  within  the  nearest  revolution  of 
the  micrometer  and  the  division  recorded  ;  while  this  is 
being  done  a  similar  microscope  is  read  on  the  forward 
end  of  the  bar.  The  bar  is  then  wheeled  along  until  the 
rear  end  occupies  a  position  with  respect  to  the  secoml 
microscope  that  it  just  had  with  respect  to  the  first,  and 
the  microscope  vacated  is  carried  forwanl  and  clamped  to 
a  post  ready  for  future  use  ;  with  four  of  these  micro- 
scopes there  is  ample  time  for  one  to  become  steady  be- 
fore being  used.  From  this  it  is  seen  that  each  forward 
microscope  is  made  to  fix  and  hold  the  exact  point  reached 
by  a  length  of  the  bar.  When  the  other  end  of  the  com- 
parator is  reached,  an  operation  approximately  the  con- 
verse of  the  one  first  described  is  performed,  that  is,  the 
pointing  is  first  made  on  the  bar,  and  that  point  deter- 
mined with  respect  to  the  center  of  the  sphere  by  readings 


THE    HOLTON    COMPARATOR. 
SHOWING   .'M'l'LICATION   OF  SECONDARY   BARS  TO  THE  COMPARATOR. 


distance  of  5  meters  apWt.  They  arc  supports  for  reading 
microscopes. 

The  only  feature  that  remains  to  be  described  is  the  bar 
and  its  application  to  the  comparator.  The  bar  is  of 
steel,  with  silver  plugs  set  in  its  neutral  axis,  on  whose 
upper  surfaces  a  fine  line  on  each  marks  the  terminus  of 
the  5  meters.  This  bar  rests  in  the  vertical  of  its  greater 
transverse  section  in  a  steel  Y-shaped  trough.  The  trough 
itself  is  carried  on  two  trucks  of  three  wheels  each  so  dis- 
tributed as  to  run  smoothly  on  the  iron  rails  of  the  track 
already  described,  liy  means  of  screws  the  supports  of 
the  trough  can  be  moved  transversely  in  the  direction  of 
its  length,  and  up  or  down. 

Before  leaving  Washington  the  bar  was  most  carefully 
compared  with  the  committee's  meter,  both  being  sur- 
rounded by  ice,  so  that  the  distance  between  the  lines  on 
the  plugs  is  known  at  this  temperature.  In  obtaining  the 
length  of  the  comparator,  the  operation  in  general  is  as  fol- 
lows :  The  cut-off  is  placed  in  position  and  leveled,  a  read- 
ing microscope  provided  with  a  micrometer  reading  to 
tenths  of  a  mikron,  is  pointed  on  a  convenient  division  of 
the  scale,  and  read  both  before  and  after  reversal,  together 
with  conttmporaneous  level  readings  ;  the  cut-off  is  re- 
moved, and  the  carriage  bearing  the  bar  surrounded  by 
fine  ice  is  rolled  along  until  its  rear  end  is  brought  under 


on  the  cut-off.  These  operations,  somewhat  complex  in 
their  description,  are,  however,  so  readily  performed  that 
the  twenty  applications  necessary  for  measuring  the  hec- 
tometer can  be  made  in  about  half  an  hour. 

Every  possible  care  has  been  taken  to  secure  stability  in 
the  track,  stones,  and  microscopes,  and  by  way  of  precau- 
tion the  walks  on  both  sides  of  the  track  are  covered  with 
sawdust,  and  the  whole  is  roofed  in  and  enclosed  on  one 
side  and  both  ends.  Its  east  and  west  direction  protects 
all  parts  of  the  apparatus  from  sudden  changes  of  tem- 
perature due  to  sunshine  and  clouds. 

From  a  number  of  measurements  of  the  comparator  the 
probable  error  of  its  length  has  been  found  to  be  equiva- 
lent to  one  part  in  five  millions,  which  is  approximately 
the  same  as  the  error  of  comparing  the  five-meter  bar  with 
the  prototype,  so  that  we  may  say  the  length  of  the  com 
parator  is  absolutely  known  in  terms  of  the  international 
standard. 

On  this  comparator  the  apparatus  used  in  measuring  the 
Holton  base  has  been  tested  with  most  satisfactory  results. 
Likewise  the  tapes  to  be  employed  in  the  same  work  have 
had  their  lengths  determined  here,  and  also  their  coeffi- 
cients of  expansion. 

The  discussion  of  the  observations  made  at  Holton  will 
contain   most    interesting  facts  regarding  the  behavior  of 
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metals  at  different  temperatures,  the  effects  of  tension  on 
length,  and  the  possibilities  of  tapes  for  base  measuring. 

The  accompanying  illustration,  from  a  photograph, 
shows  the  application  of  secondary  bars  to  the  comparator. 
From  this  and  the  description  above,  the  method  of  opera- 
tion can  be  readily  understood. 


THE  WOOTTEN  LOCOMOTIVE. 


The  report  of  the  Committee  on  Science  and  the  Arts 
of  the  Franklin  Institute,  awarding  the  John  Scott  pre- 
mium and  medal  to  Mr.  John  E.  Wootten,  for  his  inven- 
tion of  a  locomotive  boiler,  has  been  recently  published  in 
the  Journal  of  the  Franklin  Institute,  and  to  it  we  are 
indebted  for  the  following  account,  which  includes  the 
substance  of  the  report  : 

The  distinguishing  features  of  these  engines,  as  com- 
pared with  others,  is  a  much  greater  breadth  of  furnace 
and  larger  area  of  grate,  with  a  less  depth  of  fuel  thereon, 
a  change  in  the  location  of  the  cab  from  the  rear  of  the 
engine  and  at  the  sides  of  the  fire-box  to  a  position  above 
the  furnace,  in  some  instances,  and  in  others  on  each  side 
of  the  waist  of  the  boiler  immediately  in  front  of  the  fire- 
box, the  steam-dome  being  located  in  the  cab. 

The  construction  of  frames,  driving-wheels,  cylinders 
and  steam-chests  is  not  strikingly  different  from  other 
well-known  and  usual  types  of  engines. 

This  engine  has  been  gradually  developed  into  its  pres- 
ent form  ;  at  the  outset,  a  demand,  constantly  increasing, 
for  cheaper  freights  and  diminished  expense  for  motive- 
power  in  drawing  trains,  compelled  the  use  of  trains  of 
greater  capacity,  so  as  to  reduce  the  cost  of  wages  rela- 
tively to  the  tonnage  hauled.  This  necessitated  more 
powerful  engines  ;  aqd  while  it  was  not  ditTicultto  increase 
the  cylinder  capacity  or  piston  displacement  of  the  en- 
gines, the  limit  of  the  boiler  to  supply  adequate  steam  to 
such  engines  was  soon  reached. 

The  gauge  of  the  railroad  appeared  to  limit  the  width  of 
the  boilers  admissible,  the  frames  could  not  be  spread  any 
further  apart,  and  under  the  practice  of  placing  the  fur- 
nace of  the  boiler  between  the  frames,  the  only  increase 
of  grate  surface  practicable  was  in  the  direction  of 
length.  This  rendered  firing  more  difficult,  and  a  deep 
bed  of  fuel  was  required  to  maintain  steam  pressure, 
the  draft  of  air  to  maintain  combustion  demanded 
greater  pressure  on  the  exhaust,  which  could  only  be  en- 
forced by  contracting  the  nozzle  of  the  exhaust  pipe  and 
imposing  a  pressure  upon  the  steam  pistons  during  the  re- 
turn strokes.  This,  in  view  of  the  large  piston  surface 
recently  coming  into  vogue,  especially  in  compound  loco- 
motives, means  a  serious  waste  of  force. 

In  addition  to  the  above  incentives  to  improvement,  im- 
mense quantities  of  perfectly  good  coal,  in  dust  and  small 
grains,  was  steadily  accumulating  around  every  mine,  and 
while  its  value,  when  burned  in  a  well-adapted  furnace  in 
a  stationary  engine,  was  a  matter  of  daily  demonstration, 
no  long  furnace  or  deep  bed  of  such  fuel  was  ab !e  to  burn 
it  upon  a  railroad  locomotive  ;  and,  moreover,  a  deep  fire 
of  such  fuel  would  not  burn  because  the  draft  could  not 
be  forced  through  its  entire  surface  without  much  of  the 
fuel  being  carried  beyond  reach  with  the  then  generally 
adopted  furnaces. 

The  solution  of  this  difficulty  was  found  in  an  increased 
breadth  of  furnace,  grate  and  fiie-box  to  accommodate  it. 
Space  to  contain  such  boilers  without  interfering  with  the 
driving-wheels  was  procured  by  placing  the  boiler  above 
the  driving-wheels  and  frames,  which  were  protected  from 
ashes  by  a  hopper-shaped  ash-pit. 

The  boiler  then  had  broad  expanses  of  nearly  fiat  metal- 
lic external  as  well  as  internal  surfaces,  having  cross- 
seams  exposed  to  high  internal  pressure  and  required  to 
be  securely  stayed  or  braced.  The  form  of  the  plates 
piesented  oblique  opposing  surfaces,  and  stay-bolts  diago- 
nal to  such  surfaces  were  applied  to  hold  them  together. 

The  oblique  strain  upon  such  stays  and  the  oblique  in- 
tersections of  the  stays  and  plates  were  subjected  to  shear- 
ing or  diagonal  strains,  and  the  failuie  of  such  stays  by 


breaking  close  to  the  plates  became  a  conspicuous  objec- 
tion to  such  structures.  "•'  '' 

The  lemedy  was  found  in  changing  the  form  of  the  fur- 
nace and  the  poition  of  the  external  shell  of  the  boiler  en- 
closing it  so  as  to  bring  nearly  parallel  surfaces,  fotmeil 
of  large  plates  without  cross-seams,  opposed  to  each  other. 
After  this  the  stays  uniting  them  were  subjected  only  to 
direct  tensile  strains,  and  withstood  them. 

The  fuel  in  such  broad  expanses  of  surface  developed 
volumes  of  combustible  gas,  which  burned  with  best  effect 
when  in  large  body  or  volume,  but  only  imperfectly  when 
subdivided  by  entering  the  Hue  tubes  ;  so  a  combustion 
chamber  was  added. 

The  volume  of  draft  usual  with  large  fuel  when  applied 
to  fine  or  pulverulent  fuel  on  a  small  grate  surface,  lifts 
and  carries  much  of  it  mechanically  from  the  furnace,  but 
in  the  broad  expanses  of  grate  furnished  in  this  boiler,  the 
same  volume  passes  through  at  a  lower  velocity  and  with 
less  pressure,  so  that  instead  of  sweeping  particles  of  fuel 
through  the  tubes  with  the  products  of  combustion,  the  ime 
ash  only  appears  to  pass  and  deposit  in  a  flocculent  slate 
in  the  smoke-box  and  chimney. 

The  changes  in  form  of  the  boiler,  which  we  have  thus 
far  noted,  are  with  reference  to  the  combustion  of  fuel 
and  generation  of  heat  and  durability  of  the  boiler. 

From  experience  it  appeared  desirable  to  place  as  much 
of  the  weight  of  the  boiler  as  practicable  lower  down. 

This  was  effected  by  the  partition  or  bridge,  excluding 
the  fuel  from  the  combustion  chamber,  in  the  shape  of  a 
dam,  with  the  flue  tubes  and  waist  lower  down  in  relation 
to  the  grate  surface. 

The  combined  effect  of  these  improvements  can  best  be 
understood  by  the  report  of  the  engine  as  worked  upon  the 
roads. 

A  sufficient  proportion  of  the  weight  of  the  engine  is 
placed  upon  the  front  truck  wheels,  serving  to  guide  it 
securely  upon  the  rails,  while  as  large  a  proportion  as  is 
practicable  is  utilized  in  compelling  adhesion  l)etween  the 
driving-wheels  and  the  rails  for  puri)Oses  of  propulsion. 

A  capacity  for  burning  fuel,  impracticable  in  furnaces 
of  small  grate  area  and  large  depth  of  fire-bed,  and  an 
economy  in  quantity  as  well  as  quality  of  fuel  required, 
ensued. 

The  several  stages  of  improvement  are  set  forth  in  the 
letters-patent,  and  a  brief  notice  of  their  features  is  here 
brietly  stated  in  chronological  order. 

In  letters-patent  192, 7:15,  of  July  3,  1S77,  the  hopper- 
shaped  ash-pit  and  tire  box  extending  sidewise  over  the 
rear  driving-wheels  of  one  engine  with  six  drivers  and  four 
truck  wheels  is  shown,  the  combustion  chamber  being  over 
the  middle  driving-wheel  axle,  and  included  in  a  tapering 
part  of  the  boiler  uniting  the  fire-box  portion  with  the 
cylindrical  waist.  The  claim  of  this  patent  is  for  a  fire- 
box wider  than  the  distance  between  the  wheels,  and  for 
the  combustion  chamber  in  combination  with  a  britlge 
wall. 

In  letters-patent  No.  254,581,  of  March  7,  18.S2,  the  ash*^ 
pit  is  in  the  form  of  two  rectangular  funnels  or  hoppers, 
the  grate  is  inclined  from  rear  downwardly  to  the  front,  a 
flat  crown-sheet  is  used,  stayed  with  parallel  vertical  stays 
to  the  outer  curvetl  shell,  and  the  proportion  of  the  com- 
bustion chamber  in  length  to  the  furnace  chamber  is  re- 
duced. 

In  letters-patent  291,120,  dated  January  i,  1884.  the  for- 
ward part  of  the  grate  immediately  in  the  rear  of  the 
bridge  wall  and  across  the  entire  width  of  the  fire-box  is 
covered  with  fire-brick  to  receive  small  particles  of  fuel 
which  the  draft  through  the  grate  would  otherwise  sweep 
over  the  bridge  wall. 

Patent  No.  352,215.  of  November  q,  1886,  shows  an  im- 
proved form  of  bridge  wall  which  practically  separates  a 
combustion  chamber  within  the  fire-box  from  the  fuel  sup- 
porting space  on  the  grate. 

Patent  No.  354,370,  of  December  14,  1SS6,  is  for  a  con- 
struction of  Doiler  in  which  the  rearward  flue-sheet  of  the 
furnace  is  without  perforations,  and  acts  as  a  bridge  wall 
dispensing  with  the  separate  bridge  walls  in  the  preceding 
forms  of  this  boiler. 

Patent  No.  361.661,  of  April  19.  1887,  to  T.  F.  Wootten 
and  J.  Snowden  Bell,  is  for  a  form  of  this  boiler  in  which 
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a  central  partition  or  water-wall  is  introduced  in  theiur- 
nace,  making  in  effect  two  furnaces,  with  a  bridge  wall 


from  the  report  of  tests  made  by  Dr.  C.  M.  Cresson,  of  a 
Wootten  boiler  and  an  ordinary  locomotive  boiler  burn- 


Fig.  2. 


Fig.  I. 
LOCOMOTIVE   WITH    WOOTTEN    BOILER. 


between  the  furnaces  and  the  combustion  chamber  and 
flue. 

This  construction  offers  the  advantages  of  alternate  fir- 
ing, so  that  the  gases  from  the  fresh  fuel  in  one  furnace 
can  meet  the  intensely  heated  flames  and  products  of  com- 
bustion from  the  other  furnace,  and  produce  a  better 
combustion. 

The  effect  of  these  improvements,  which  it  will  be  seen 

Fig-  3- 


Patent  No.  361,661,  April  19.  1887.   , 
Fig.  4- 

are  in  a  continuous  line  of  gradual  development,  are  to 
produce  a  most  efficient  and  serviceable  boiler,  capable  of 
economically  burning  cheap  grades  of  fuel  inadmissible  in 
other  kinds  of  locomotive  boilers. 
In  support  of  their  conclusions,  the  Committee  quote 


ing  several  kinds  of  fuel.  The  results  of  these  tests  may 
be  summed  up  briefly  as  follows,  the  table  giving  the 
percentage  of  the  total  heat  units  in  the  fuel  used  actually 
utilized  in  each  case  : 


Class  of  Locomotive. 


Consolidation  freight. 

Passencer 

Consolidation  freight. 
Consolidation  freight. 

Passenger 

Consolidation  freight . 


Kind  of  Coal. 


A  n  thracite,!  waste. 
Anthracite,  Marketable. 
Bituminous,  waste. 
Bituminous,  marketable, 
Bituminous,  marketable. 
Lignite,  20  per  cent- 
water. 


Per  cent,  of  total  heat 
utilized. 


Wootten 
Boiler. 


694 
65.5 
64.3 
69.4 
68.3 

42.x 


Ordinary 
Boiler. 


500 

SS-a 
54-0 


The  data  from  which  the  work  done  by  these  fuels  is  de- 
rived were  obtained  from  the  results  of  continuous  daily 
operations,  of  such  magnitude  as  to  remove  them  from  the 
category  of  experiment  and  place  them  upon  the  footing 
of  practical  operations. 

The  award  of  the  Committee  was  therefore  made  by  the 
excellent  results  shown  by  this  invention  under  tests,  fully 
confirmed  by  several  years  of  practical  use. 

The  illustrations  given  herewith  show,  in  figs,  i  and  2, 
an  elevation  and  rear  view  of  a  locomotive  with  Wootten 
boiler  ;  in  figs.  3  and  4,  respectively,  the  patents  No. 
354,370  and  No.  361,661,  as  described  above. 


THE  FOWLER  TUBULAR  BOILER. 


The  accompanying  illustration,  from  Industries,  shows 
a  boiler  devised  by  W.  H.  Fowler,  of  Manchester,  Eng- 
land.    Fig.  I  is  a  vertical  section  and  fig.  2  a  horizontal 

section. 

The  inventor  claims  for  this  boiler  that  it  is  a  quick 
steam  raiser,  easy  of  access  for  cleaning  and  repairs, 
and  simple  in  construction.  Referring  to  fig.  i  it  will  be 
seen  that  the  fire-box  is  conical  in  section,  and  is  riveted 
at  the  upper  end  to  a  plain  cylinder,  divided  midway  into 
two  portions  by  a  fire-clay  partition  carried  on  a  ring  of 
angle  iron  supported  by  brackets.  The  flame  and  heated 
gases,  after  passing  through  the  lower  set  of  tubes  into 
the  smoke-box,  pass  thence  through  the  upper  tubes  to  the 
combustion  chamber,  which  is  in  direct  communication 
with  the  uptake.  It  will  be  seen  from  the  engravings  that 
there  is  a  complete  absence  of  cross  water  pipes  or  other 
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obstructions  in  the  fire-box,  and  also  that  there  is  no  awk- 
ward flanging.  The  circular  form  is  adhered  to  through- 
out, and  the  annular  arrangement  of  parts  permits  easy 
inspection.  The  fire-box  being  circular,  an  easily  made 
flange  joint  is  used  for  uniting  the  ring  seams.     Where 


Fio.  1.— Vertical  Sacrioir. 


Fio.  2 — SsonoNAi.  Pi^as. 
THE    FOWLER    BOILER. 

necessary,  the  boiler  can  be  divided  into  three  sections  for 
convenience  in  transportation,  and  the  two  bolted  joints 
can  easily  be  made. 

The  construction  can  be  modified  for  small  boilers,  so 
that  the  smoke-tubes  can  discharge  directly  into  an  exter- 
nal smoke-box  connected  with  the  uptake,  instead  of  being 
returned  to  a  central  uptake,  as  in  the  boiler  shown  in  the 
illustration. 


PROGRESS  IN  FLYING  MACHINES. 


By  O.  Chanute,  C.E. 


Having,  in  June,  1890,  delivered  a  lecture,  since  pub- 
lished in  the  Railroad  and  Engineering  Journal,  on 
the  general  subject  of  "Aerial  Navigation,"  in  which  a 
sketch  was  given  of  what  has  been  accomplished  with  bal- 
loons, I  propose  in  the  present  paper  to  treat  of  Flying 
Machines  proper — that  is  to  say,  of  forms  of  apparatus 
heavier  than  the  air  which  they  displace  ;  deriving  their 
support  from  and  progressing  through  the  air,  like  the  birds, 
by  purely  dynamical  means. 

It  IS  intended  to  give  sketches  of  many  ynachines,  and 
to  attempt  to  criticise  them. 

We  know  comparatively  so  little  of  the  laws  and  princi- 
ples which  govern  air  resistances  and  reactions,  and  the 
subject  will  be  so  novel  to  most  readers,  that  it  would  be 
di(][icult  to  follow  the  more  rational  plan  of  first  laying 
down  the  general  principles,  to  serve  as  a  basis  for  dis- 
cussing past  attempts  to  effect  artificial  flight.  The  course 
will  therefore  be  adopted  of  first  stating  a  few  general 
considerations  and  laws,  and  of  postponing  the  statement 
of  others  until  the  discussion  of  some  machines  and  past 
failures  permit»of  showing  at  once  the  application  ot  the 
principles. 

The  first  inquiry  in  the  mind  of  the  reader  will  probably 
be  as  to  whether  we  know  just  how  birds  fly  and  what 
power  they  consume.  The  answer  must,  unfortunately, 
be  that  we  as  yet  know  very  little  about  it.  Here  is  a 
phenomenon  going  on  daily  under  our  eyes,  and  it  has  not 
been  reduced  to  the  sway  ot  mathematical  law. 

There  has  been  controversy  not  only  about  the  power 
required,  but  about  the  principle  or  method  m  which  sup- 
port is  derived.  The  earlier  idea,  now  abandoned,  so  far 
as  large  birds  are  concerned,  was  that  when  they  flapped 
their  wings  downward  they  produced  thereby  a  reacting 
air  pressure  wholly  equal  to  their  weight,  and  so  obtained 
their  support.  This  is  known  as  the  "  orthogonal  theory," 
and  has  been  disproved  by  calculations  of  the  velocity  and 
resulting  pressures  of  the  wing  beats  of  large  birds,  and 
by  the  more  recent  labors  of  Professor  Marey.  It  seems 
likely  that  the  smaller  birds,  who,  as  will  be  explained 
hereafter,  are  probably  stronger  in  proportion  to  their 
weight  than  the  larger  birds,  possess  the  power  of  deliver- 
ing blows  upon  the  air  equal  to  a  supporting  reaction. 
Such  may  be  the  case  in  the  hovering  of  the  humming- 
bird and  the  rising  vertically  of  the  sparrow  ;  but  the  latter 
exertion  is  evidently  severe,  and  cannot  be  long  continued. 

Mr.  Drzeweicki  has  shown  that  a  buzzard,  beating  his 
wings  2)4  times  a  second,  with  an  amplitude  of  120°,  could 
only  obtain,  according  to  accepted  formulEe  of  air  pressures, 
a  sustaining  orthogonal  reaction  of  0.40  pounds  or  about 
^^  of  his  weight,  while  it  his  wings  are  considered  as  in- 
clined planes,  progressing  horizontally  at  a  speed  of  45 
miles  per  hour,  a  sustaining  reaction  is  easily  figured  out. 

It  seems  quite  certain  that  large  birds  cannot  practice 
orthogonal  flight,  and  that  they  derive  their  support  main- 
ly if  not  wholly  from  the  upward  reaction  or  vertical 
component  of  the  normal  air  pressure  due  to  their  speed. 
That  they  are  living  Aeroplanes,  under  whose  inclined 
wings  their  velocity  creates  a  pressure  which  is  normal  to 
the  surface.  This  is  confirmed  by  the  great  difficulty  which 
they  experience  in  getting  under  way.  They  run  against  the 
wind  before  springing  into  the  air,  or  preferably  drop  down 
from  a  perch  in  order  to  gain  that  velocity  without  which 
they  cannot  obtain  support  from  the  air.  Thus  the  sur- 
faces of  their  wings  act  as  aeroplanes  as  well  as  propellers, 
the  latter  action  being  produced  by  the  direction  of  the 
stroke  and  the  bending  upward  of  the  rear  flexible  portion 
of  the  feathers. 

Bird  flight  may  be  considered  as  comprising  three 
phases  : 

1.  Starting,  during  which  great  exertion  must  be  made, 
unless  gravity  can  be  utilized. 

2.  Sailing,  or  flight  proper,  during  which  the  bird 
exerts  his  normal  force,  or  makes  use  of  that  of  the  wind, 
as  will  be  more  particularly  explained  hereafter. 

3.  Stopping,  in  which  great  exertion  may  again   be  re- 
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quired,  if  the  headway  is  to  be  rapidly  stopped,  or  in  which 
the  retarding  force  of  gravity  may  be  brought  to  do  the 
work  by  simply  rising  to  a  perch. 

Artificial  flying  machines  will  certainly  have  to  conform 
to  these  three  phases  of  flight,  by  providing  methods  of 
starting  and  stopping  in  addition  to  the  means  for  per- 
forming the  act  of  flight  proper. 

Birds  perform  all  their  manceuvers  by  regulating  the  in- 
tensity of  their  action,  and  by  changing  the  angles  at 
which  they  attack  the  air.  Hence  the  important  thing  for 
us  to  know  is  to  ascertain  what  pressure  exists  under  a 
wing  or,  to  simplify  the  question,  under  a  plane  surface, 
when  it  meets  the  air  at  a  certain  velocity  and  with  a  cer- 
tain angle  of  incidence. 

This  has  been,  until  the  recent  publication  of  Professor 
Langley's  most  important  labors,  a  subject  of  uncertainty, 
which  uncertainty  he  has  done  much  to  remove.  We 
had  had  glimpses  of  the  law ;  but  notwithstanding 
very  many  experiments  by  physicists,  its  numerical  values 
were  a  subject  of  doubt  and  controversy  among  the  few 
who  gave  any  attention  to  the  subject.  It  was  the  missing 
link,  which  rendered  nearly  unavailable  the  little  that  was 
known  in  other  directions. 

By  the  law  of  fluid  reactions  all  air  pressures  are  "  nor- 
mal," or  exerted  perpendicularly  to  the  surfaces  against 
which  they  bear  ;  now  the  question  was  :  What  is  the  re- 
lation between  the  pressure  of  a  current  of  air  of  known 
velocity  against  a  thin  plane  surface  placed  at  right  angles 
thereto,  and  the  normal  pressure  of  that  same  current 
against  the  same  plane,  if  the  latter  be  inclined  to  the  cur- 
rent at  an  angle  of  incidence  less  than  90  degrees  .'* 

Newton  impliedly  gave  a  solution  ;  but  experiments  long 
ago  proved  it  to  be  wrong,  although  it  is  still  taught  in 
the  schools  and  given  in  formulas  in  engineering  reference 
books.  He  assumed,  plausibly  enough,  that  the  propor- 
tional normal  pressure  was  in  the  ratio  of  the  sine  of  the 
angle  of  incidence,  and  when  experiment  showed  this  to 
be  erroneous,  other  formulas  were  proposed,  the  following 
being  a  few  of  those  which  have  been  wrangled  over  : 

Calling  a  the  angle,  and  F  the  pressure  on  the  inclined 
surface,  while  P  is  that  upon  the  right-angled  surface,  the 
following  were  assumed  to  represent  the  relation  : 


P 
P 


P  =  P' 


P'  sin  a 
P'  sin'  a 
2  sin  a 


I  -f  sin'  a 


P  =  P'  sin'  a 

^P  =  P  (sin  ay-^'^' 
P  =  2P'  sina 


Indeed,  the  field  seemed  so  open  in  this  direction  that 
only  two  years  ago  I  ventured  to  propose  a  formula  of 
my  own,  which  I  subsequently  concluded  to  be  erroneous  ; 
but  the  question  seems  now  to  be  set  at  rest  for  the  present 
by  the  experiments  of  Professor  Langley,  who  proposes  no 
formula  of  his  own,  but  who  shows  that  his  results  ap- 
proximate very  closely  to  the  formula  of  Duchemin  : 


P=  P 


2  sm  a 

I  -h  sm'  a 


I  had  already  independently  reached  a  conclusion  quite 
similar.  Finding  that  my  formula  was  incorrect,  I  had  a 
chart  plotted,  on  which  were  delineated  all  the  experi- 
ments on  inclined  surfaces  which  I  could  learn  about — 
those  of  Hutton,  Vince,  Thibault,  Duchemin,  De  Louvrid, 
Skye,  the  British  Aeronautical  Society,  and  W.  H,  Dines  ; 
and  on  this  chart  I  also  had  plotted  the  curves  of  the  various 
formulas.  The  whole  exhibited  great  discrepancies,  yet 
by  patient  analysis  various  probable  sources  of  error  were 
eliminated,  and  the  conclusion  was  reached  that  the  for- 
mula last  given,  which  I  have  seen  variously  attributed  to 
Bossut  or  to  Duchemin,  was  probably  correct. 

From  this  formula  I  had  computed  for  my  own  use  the 
accompanying  table  of  normal  pressures  ;  and  as  it  seems 
to  be  quite  confirmed  by  Professor  Langley's  experiments, 
and  seems  to  promise  to  be  of  great  use,  I  now  venture  to 
publish  it. 

Once  the  normal  pressure  is  known  at  a  particular  angle 
of  incidence,  its  static  components  in  different  directions 
can  be  obtained  by  the  laws  governing  the  resolutions  of 
forces.  This  was  shown,  as  early  as  1809,  by  Sir  George 
Cayley,  in  the  following  demonstration,  in  which  he  in- 
gpnioii'i'y  evades  the  then  prevailing  confusion  about  the 


Approximath  Percbntagks  of  Normal  Prsssurb.    Dbrived  from  Chart 

OF   ExrERIMBNTS  AND  ThBOKIES.      CALCULATED  BY  BOSSUT's   OR 

Duchemin's  Formula. 


P=P' 


3  sin  a 


i+sin*  a 

. 

Deg.  of 
Angle. 

Results  of 

Proportion 

S.  P.  Langley's 
Experiments. 

Normal 
Pressure. 

Uft. 

Drift. 

X 

0.03s 

0.03s 

0.000611 

iH 

0.053 

0.053 

0.00136 

3 

0.070 

0.070 

0.00244 

3 

0.104 

0.104 

0.00543 

4 

0.139 

0.139 

0.0097 

■; 

o.lS. 

0.174 

0.173 

0.0153 

6 

0.207 

0.206 

0.0317 

7 

0.340 

0.238 

0.0393 

8 

0.373 

0.270 

0.0381 

9 

0.30s 

0.300 

0.0477 

lo 

0.30 

0-337 

0.33a 

0.0585 

II 

0.369 

0.363 

0.0703 

13 

0.398 

0.390 

0.0838 

«3 

0.431 

0.419 

0.0971 

M 

0.457 

0.443 

0.115s 

«5 

0.46 

0.486 

0.468 

0.134 

16 

O.S»3 

0492 

0.141 

17 

0.538 

0.515 

0.157 

18 

0.565 

0.538 

0.173 

«9 

0.589 

0.556 

0.193 

20 

0.60 

0.613 

0.57s 
O.S94 

o.axo 

21 

0.637 

0.338 

33 

o.6s7 

0.608 

0.346 

23 

0.678 

0.633 

0.364 

a4 

0.700 

0.639 

0.386 

as 

0.71 

0.718 

o.6jo 

0.304 

36 

0-737 

0.66a 

0.323 

27 

0.752 

0.670 

0.34a 

28 

0.771 

0.681 

0.363 

29 

0.7S6 

0.686 

0.383 

30 

0.78 

0.800 

0.693 

0.400 

.     31 

0.815 

0.698 

0.431 

3a 

0.828 

0.70a 

0.439 

33 

0.843 

0.706 

0.4S9 

34 

0.853 

0.707 

0478 

35 

0.84 

0.867 

0.708 

0.498 

36 

0.878 

0.709 

0.516 

37 

0.885 

0.709 

0.53a 

38 

0.894 

0.705 

0.551 

39 

0.903 

0.701 

os<9 

40 

0.89 

0.910 

0.697 

0.586 

41 

0918 

0.693 

0.603 

4a 

0.926 

0.688 

o.6lq 

43 

0.934 

0.683 

0.638 

44 

0.941 

0.676 

0.654 

45 

0  93 

0.94s 

o.66« 

0.666 

"law  of  the  angle"  by  starting  with  the  weight  of  the 
bird  instead  of  its  wing  surface  and  velocity.     He  says  : 

When  large  birds,  that  have  a  considerable  f  xtent  of  wing 
compared  with  ihelr  weight,  have  acquired  their  full  velocity, 
it  may  frequently  be  observed  that  they  extend  their  wings,  and, 
without  waving  them,  continue  to  skim  for  some  time  in  a 
horizontal  path. 

Fig.  I  represents  a  bird  in  this  act.  Let  /4  .5  be  a  section  of 
the  plane  of  both  wings,  opposing  the  horizontal  current  of  air 
(created  by  its  own  motion),  which  may  be  represented  by  the 
line  CD,  and  is  the  measure  of  the  velocity  of  the  bird.  The 
angle  B  D  C  can  be  increased  at  the  will  of  the  bird,  and  to 
preserve  a  perfectly  horizontal  path,  without  the  wing  being 
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waved,  must  continually  be  increased  in  a  complete  ratio  (use- 
less at  present  to  enter  into),  till  the  motion  is  stopped  alto- 
gether ;  but  at  one  given  time  the  position  of  the  wings  may  be 
truly  represented  by  the  angle  B  D  C.  Draw  D  E  perpendicu- 
lar to  the  plane  of  the  wings,  produce  the  line  C  Z?  as  far  as  re- 
quired, and  from  the  point  E,  assumed  at  pleasure  in  the  line 
D  E,  let  fall  E  F perpendicular  ioD  F\  then  D  E  will  reprc- 


Fig.  1. 


sent  the  whole  force  of  the  air  under  the  wing— ».^,,  normal 
pressure,  which  being  resolved  into  the  two  forces  E  F  and 
F  D,  the  former  represents  the  force  that  sustains  the  weight 
of  the  bird,  and  the  latter  the  retarding  force  by  which  the 
velocity  of  the  motion  producing  the  current  C  D  will  be  con- 
tinually diminished  ',  E  F  \^  always  a  known  quantity,  being 
equal  to  the  weight  of  the  bird,  and  hence  F  D'\%  also  known, 
as  it  will  bear  the  same  proportion  to  the  weight  of  the  bird  as 
the  sine  of  the  angle  B  D  C  bears  to  its  cosine,  the  angles  D  E  F 
and  B  D  C  being  equal. 

In  the  table  herewith  given,  the  first  column  shows  the 
degree  of  the  angle  of  incidence  :  the  second  the  result  of 
Professor  Langley's  experiments  ;  the  third  the  proportion 
or  percentage  which  the  normal  pressure  at  that  angle 
bears  to  the  pressure  at  the  same  velocity  of  the  same  plane 
at  right  angles  to  the  current ;  while  the  fifth  and  sixth 
columns  show  the  resolutions  of  this  normal  pressure, 
being  the  force  which  sustains  the  weight  of  the  bird  ver- 
tically as  against  gravity,  which  is  here  termed  the  '*  Lift ;" 
and  the  retarding  force  against  horizontal  motion,  which 
is  here  termed  the  "  Drift."  They  are  calculated  by  mul- 
tiplying the  normal  pressure  by  the  sine  and  by  the  cosine 
of  the  angle. 

In  order  to  obtain  the  aggregate  normal  pressure,  or  the 
lift  and  the  drift,  upon  any  thin  plane  surface,  it  is  simply 
necessary  to  multiply  its  area  by  the  pressures  per  square 
foot,  which  are  given  (approximately)  in  the  ordinary 
tables  of  wind  velocities,  and  this  again  by  the  percen- 
tages given  in  the  table. 

The  angles  are  only  given  up  to  45°,  as  more  than  this 
would  be  useless  to  the  general  reader;  and  it  will  be 
noted  that  there  is  an  angle  of  maximum  uplift  at  about 
36".  This  results  from  the  fact  that  the  normal  pressure 
is  continually  increasing,  while  the  cosine  of  the  angle  is 
continually  diminishing,  but  not  equally,  so  that  their 
product  reaches  a  maximum,  as  stated.  This  is  confirmed 
by  the  results  of  Professor  Langley's  experiments,  as  re- 
corded on  page  580!  his  "  Experiments  in  Aerodynamics." 

It  should  be  borne  in  mind  that  the  table  only  purports 
to  apply  to  thin  planes  one  foot  square,  and  hence  is  given 
as  containing  only  approximate  percentages  of  normal 
pressures.  For  other  shaped  planes,  for  curved  surfaces, 
and  for  solids  the  percentages  may  be  difterent,  because  a 
great  many  anomalies  have  been  found  in  experimenting 
upon  air  resistances,  and  we  yet  know  painfully  little 
about  them. 

For  instance,  the  following  may  be  mentioned  : 

1.  For  high  velocities,  such  as  those  of  projectiles,  the 
resistances  do  not  vary  as  the  square  of  the  speed,  as  as- 
sumed in  ordinary  tables  ;  they  more  nearly  approach  the 
cube  of  the  velocity. 

2.  If  a  thin  plane  be  exposed  to  a  current  of  air,  at  right 
angles  thereto,  the  pressure  on  the  plane  is  not  uniform 
over  all  its  surface,  but  is  greatest  at  the  center. 

3.  Plane  surfaces  of  equal  areas  but  of  different  shapes 
(square,  oblong,  triangular,  etc.)  are  found  to  receive 
slightly  different  pressures  at  the  same  speed.  Moreover, 
the  average  pressure  per  square  foot  varies  with  mere 
variation  of  size  on  the  same  shaped  planes. 

4.  The  pressure  upon  an  inclined  elongated  surface  will 


vary  for  the  same  speed,  whether  it  be  exposed  longi- 
tudinally or  transversely  to  the  current. 

5.  Holes  may  be  cut  in  thin  planes  without  reducing  the 
aggregate  pressure  in  proportion  to  the  surface  cut  away. 
Moreover,  the  aggregate  pressure  may  be  made  to  vary  by 
simply  changing  the  position  of  the  holes. 

6.  Inclined  planes  may  be  superposed  without  diminish- 
ing the  sum  of  their  separate  individual  pressures,  pro- 
vided they  are  properly  spaced  with  regard  to  the  angle  of 
incidence.  If  too  close,  they  will  interfere  with  each 
other,  but  the  amount  of  such  interference  will  vary  with 
the  speed. 

7.  Perfectly  horizontal  planes,  free  to  fall,  have  their  time 
of  falling  much  retarded  if  in  rapid  hori2ontal  translation. 

8.  The  weight  remaining  the  same,  the  force  requisite 
to  sustain  inclined  planes  in  horizontal  motion  diminishes 
instead  of  increasing,  when  the  velocity  is  augmented. 

9.  If  the  plane  bt  gradually  inclined  to  the  current,  the 
point  of  maximum  pressure  will  im^ve  forward  toward  the 
front  edge  as  the  angle  of  incidence  diminishes.  The 
position  as  given  by  Jo^ssel's  law  is  shown  by  the 
formula  : 

C=  (0.2  -f  0.3  sin  a)  L, 

in  which  C  represents  the  position  of  the  center  of  press- 
ure, L  the  lengnth,  and  a  the  angle  of  incidence,  the 
formula  indicating  that  the  position  of  the  center  of  press- 
ure varies  from  0.5  to  0.2  of  the  distance  from  the  front 
to  the  center  of  the  plane. 

Of  these  anomalies,  the  6th,  7th  and  8th  were  experi- 
mentally determined  by  Professor  Langley  ;  and  he  partly 
confirmed  the  9th,  as  well  as  giving  strong  confirmation  to 
the  results  of  Duchemin  on  the  "law  of  the  angle"  pre- 
viously mentioned.  The  8th  is  especially  important,  and 
its  consequences  are  pointed  out  by  Mr.  Langley  in  the 
following  words  : 

The  most  important  general  inference  from  these  experi- 
ments, as  a  whole,  is  that,  so  far  as  the  mere  power  to  sustain 
heavy  bodies  in  the  air  by  mechanical  flight  goes,  such  mechani- 
cal flight  is  possible  with  engines  we  now  possess,  since  effec- 
tive steam-engines  have  lately  been  built  weighing  less  than  10 
lbs.  to  I  H.P.,  and  the  experiments  show  that  if  we  multiply 
the  small  planes  which  have  been  actually  used,  or  assume  a 
larger  plane  to  have  approximately  the  properties  of  similar 
small  ones,  i  H.P.,  rightly  applied,  can  sustain  over  200  lbs.  in 
the  air,  at  a  horizontal  velocity  of  over  20  meters  per  second 
(about  45  miles  an  hour),  and  still  more  at  still  higher  velocities. 

These  general  remarks  chiefly  apply  to  thin  plane  sur- 
faces, such  as  might  be  used  in  flying  machines,  but  mere 
thickness  plays  an  important  part  ;  for  in  a  solid  body, 
with  the  same  area  of  exposed  head  surface,  the  pressure 
will  be  varied  by  the  depth,  and  especially  by  the  form  of 
the  body  in  the  rear.  Thus  curved  surfaces  and  solids 
have  quite  different  coefficients  of  pressure  from  thin  flat 
planes,  and  theoretical  estimates  of  their  resistances  have 
hitherto  proved  to  be  quite  wrong. 

Indeed,  it  may  be  said  with  respect  to  curved  surfaces 
and  solids,  that  a  glimpse  has  been  caught  of  a  still  more 
mysterious  phenomenon.  It  is  known  that  certain  shapes, 
when  exposed  to  currents  of  air  under  certain  ill-under- 
stood circumstances,  actually  move  toward  that  current 
instead  of  away  from  it.  Thus  a  hollow  sphere  impinged 
upon  by  an  air  jet  will  move  up  toward  it  instead  of  away. 
The  lower  disk  in  Professor  Willis's  apparatus,  when 
blown  upon,  moves  against  the  current  toward  the  upper 
disk.  Dr.  Thomas  Young  proved,  in  i8co,  that  a  certain 
curved  surface  suspended  by  a  thread  approached  an 
impinging  air  current,  instead  of  receding  from  it.  M. 
(joupil  found,  in  experimenting,  that  a  suspended  hollow 
shape  was  first  blown  out  to  a  horizontal  position  by  a 
wind  of  sufficient  velocity,  and  then,  when  that  velocity 
increased,  actually  drew  into  the  wind  for  an  instant  and 
slackened  the  tension  on  the  cord.  It  is  also  said  that  cer- 
tain forms  of  windmills  wear  more  on  the  front  stop  than 
on  the  back  stop  of  their  axle  of  rotation  ;  so  that  there 
seems  to  b.e  a  mysterious  action,  which  some  French  ob- 
servers, who  have  been  watching  birds  soar,  have,  for 
want  of  a  better  term,  called  their"  Aspiration,"  by  which 
a  body  acted  upon  by  a  current  may  actually  draw  for- 
ward into  that  current  against  its  direction  of  motion. 
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Thus  it  is  seen  that  in  such  complicated  matters  theory 
cannot  progress  in  advance  of  experiment,  and  the 
extreme  importance  of  those  experiments  hitherto  tried, 
or  hereafter  to  be  tried  by  a  physicist  possessing  the 
ability  of  Professor  Langley,  will  in  part  be  appreci- 
ated. 

Science  has  been  awaiting  the  great  physicist,  who,  like ' 
Galileo  or  Newton,  should  bring  order  out  of  chaos  in 
aerodynamics,  and  reduce  its  many  anomalies  to  the  rule 
of  harmonious  law.  It  is  not  impossible  that  when  that 
law  is  formulated  all  the  discrepancies  and  apparent 
anomalies  which  now  appear,  will  be  found  easily  ex- 
plained and  accounted  for  by  one  simple  general  cause, 
which  has  been  hitherto  overlooked. 

Thus  far,  Professor  Langley  seems  to  have  experimented 
upon  plane  surfaces  only,  and  to  have  measured  chiefly 
what  has  been  termed  in  the  table  here  given  the  "  lift" 
and  the  **  drift"  at  various  angles.  His  conclusions 
therefrom  are  very  important ;  but  the  **  drift'  will  not  be 
the  sole  resistance  to  be  encountered,  for  the  sustaining 
surfaces  of  a  flying  machine  must  not  only  have  a  certain 
thickness,  to  give  them  the  necessary  strength  and  rigid- 
ity, but  there  will  be  friction  of  air  upon  them,  and  there 
must  be  a  solid  body  or  hull  to  contain  the  machinery 
and  the  cargo. 

Thus  the  elements  of  resistajice  are  three  in  num- 
ber : 

1.  The  hull  resistance. 

2.  The  drift. 

3.  The  skin  friction. 

Of  the  skin  friction  Professor  Langley  says  that  it  is  ap- 
parently so  small  that  it  may  be  neglected  without  mate- 
rial error  ;  and  he  has  given  the  measure  of  the  "  drift" 
as  the  result  of  his  experiments. 

The  head  or  hull  resistance  will  probably  be  found  to  be 
the  chief  element  which  will  limit  the  possible  speed  of 
flying  machines.  It  will  probably  grow  as  the  square  of 
the  velocity,  thus  requiring  the  power  exerted  to  vary  as 
the  cube  of  the  speed,  but  will  be  modified  by  a  series  of 
coefficients,  due  to  the  shape  of  the  solid  body,  just  as 
some  birds  are  swifter  flyers  than  others  of*  the  same 
weight,  in  consequence  ot  their  difference  in  shape. 

Hence  the  power  required  to  drive  such  a  machine  can 
only  be  approximated  at  present  ;  but  this  will  be  more 
particularly  discussed  when  treating  of  the  areas  of  sup- 
porting surfaces  and  speed  of  birds,  for  the  reader  may  be 
impatient  to  be  told  something  of  what  has  been  attempted 
by  man. 

Inventors,  in  their  ignorance  of  the  laws  of  air  reactions 
and  resistances,  have  proposed  all  sorts  of  devices  for 
compassing  artificial  flight  and  experimented  with  not  a 
few  ;  so  that  Mr.  E.  Dieuaide,  of  Paris,  upon  making  a 
study  of  the  subject,  published  in  1880  an  illustrated 
chart,*  in  which  he  delineated  the  more  remarkable  ma- 
chines which  had  been  proposed  for  aerial  navigation  with- 
out the  use  of  balloons.  This  chart  contains  some  53 
figures  ;  and  from  this,  as  well  as  from  the  book  of  M. 
Gaston  Tissandier  on  aerial  navigation, t  which  contains 
much  accurate  information,  the  following  has  been  chiefly 
compiled,  in  which  it  will  be  attempted  not  only  to  give  an 
account  ot  what  has  been  proposed,  so  far  as  the  meager 
data  will  permit,  but  also  to  critcise  the  machines  with  the 
light  of  our  present  knowledge,  and  to  endeavor  to  point 
out  why  they  failed.  Failures,  it  is  said,  are  more  in- 
structive than  successes  ;  and  thus  far  in  flying  machines 
there  have  been  nothing  but  failures. 

These  various  machines,  diverse  as  they  are,  may  rough- 
ly be  classed  under  the  three  following  heads,  according  to 
the  intentions  and  theories  which  were  held  by  their 
authors,  as  to  the  most  efficacious  way  of  deriving  support 
from  the  air. 

A.  Wings  and  parachutes. 

B.  Screws  to  lift  and  propel. 

C.  Aeroplanes. 

(to  be  continued.) 


THE  FRENCH  BATTLE-SHIP  "  HOCHE." 


•  Tableau  <fA  viation.  Repr^sentant  tout  ce  qui  a  6te  fait  de  remarquable 
sur  la  navigation  Aerienne  sans  Ballons.     Published  by  the  author. 

t  La  Navigation  Airienn€.  Par  Gaston  Tissandier.  Hachette  et  Cie  ; 
octavo,  334  pp. 


The  accompanying  engraving,  from  the  London  En- 
gineering, shows  the  French  battle-ship  Hoche,  lately  put 
into  commission.  At  a  first  glance  the  picture  shows  that 
the  ship  is  another  instance  of  the  propensity  of  the  French 
naval  constructors  to  pile  up  barbettes,  turrets,  case- 
mates and  other  structures  on  their  ships.  Whatever  may 
be  said  of  their  strength,  this  certainly  does  not  add  to 
their  appearance. 

The  Hoche  is  one  of  the  most,  if  not  the  most  powerful 
of  the  battle-ships  of  the  French  Navy.  Commenced  in 
the  French  Government  Arsenal  at  Orient  in  1880,  it  was 
launched  m  1886,  and  fully  commissioned  in  the  early  part 
of  this  year,  having  been  10'/^  years  in  construction.  The 
original  design  was  similar  to  those  of  the  other  new 
French  iron-clads  Marceau,  Magenta  and  Neptune,  but 
great  alterations  have  been  made  in  the  designs  for  her 
upper  works  during  the  construction.  The  hull  from  the 
keel  to  the  water-line  is  constructed  of  iron,  but  all  that 
part  above  water  is  of  mild  steel.  The  Hoche  is  built  on 
the  cellular  system,  and  has  her  forward  water-tight  com- 
partments filled  with  cellulose.  She  has  the  following 
principal  dimensions  :  Displacement,  10,581  French  or 
10.412  English  tons  ;  length,  330  ft.  at  water-line  ;  beam,! 
66  ft.  outside  armor  ;  draft,  27  ft.  3  in.  ;  depth,  42  fL  ^ 
2  in.  The  engines  are  four  in  number,  two  driving  each 
of  the  two  propellers.  They  are  of  the  vertical  compound 
type,  and  under  forced  draft  indicated  12,000  H.P.  on  her 
steam  trials,  giving  a  maximum  speed  of  15.7  knots  per 
hour  ;  they  indicated  7,000  H.P.  under  natural  draft. 
Both  engines  and  boilers  were  built  by  contract  at  the 
engine  works  of  Indret,  and,  at  a  speed  of  10  knots  per 
hour,  should,  with  the  600  tons  of  coal  carried,  enable  the 
ship  to  run  for  a  distance  of  4,000  knots.  The  boiler  pres- 
sure is  Z^Yz  lbs.  per  sq.  in. 

The  Hoche  is  said  to  carry  more  artillery  than  any  other 
French  ship,  which  is  probable,  seeing  that,  including  the 
mitrailleuses,  her  armament  consists  of  nearly  50  pieces. 

Two  34-cm.  (13.39-in.),  52-ton  guns  and  two  27-cm. 
(10.63-in.).  28-ton  guns  form  the  principal  part^of  the  arma- 
ment. The  two  former  are  situated  in  towers,  one  for- 
ward and  one  aft,  the  freeboard  having  been  kept  very 
low  for  this  purpose,  while  the  two  27-cm.  guns  are  placed 
in  barbette  towers  amidships  on  sponsons,  one  on  the  star- 
board and  one  on  the  port  side.  In  addition  to  this  arma- 
ment there  are  fourteen  14-cm.  (5.51  in.)  guns  in  the 
battery  and  four  14-cm.  guns  on  the  spar  deck,  two 
forward,  firing  ahead,  and  two  aft,  firing  astern.  The 
offensive  power  of  the  ship  is  completed  by  five  tubes  fir- 
ing Whitehead  torpedoes,  and  a  powerful  ram. 

The  Hoche  is  protected  by  an  armor  belt  varying  in 
thickness  from  9  in.  to  17^4^  in.,  extending  the  whole 
length  of  the  ship,  and  a  deck  armored  with  3'^-in. 
plates,  while  the  forward  and  after  turrets  of  the  34-cm. 
guns  are  armored  with  steel  plates  16  in.  in  thickness. 
For  defense  against  torpedo  attacks  the  ship  is  fitted  with 
torpedo  defense  netting  of  the  Bullivant  system. 

There  are  two  military  masts  sufficiently  large  in  diame- 
ter to  allow  of  free  passage  inside  them  from  the  upper 
and  spar  decks  of  the  ship  to  either  of  the  two  military 
tops  on  each  mast  or  to  the  conning-tower  built  round  the 
mainmast. 

The  Hoche  was  commissioned  at  Brest  in  the  beginning 
of  the  present  year,  and  was  then  sent  to  Toulon  to  join 
the  second  division  of  the  French  Mediterranean  squad- 
ron, of  which  she  is  now  the  flagship. 


THE  HOWE  TRUSS  PROBLEM  WITH  A  CAR- 
PENTER'S  SQUARE. 


By  Joseph  H.  Howe. 


The  solutions  of  the  Howe  Truss  Problem  have  become 
almost  innumerable,  but  most  of  them  are  beyond  the 
reach  of  the  ordinary  workman.  The  ideal  solution  for 
the  bridge  carpenter  would  be  one  which  could  be  worked 
out  with  the  square  without  recourse  to  analytical  com- 
putations of  any  kind. 
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An  admirable  method  of  approximations  by  Professor 
Lcenas  G.  Weld,  which  appeared  in  the  April  number  of 
the  Transit,  1890,  furnishes  a  basis  for  a  simple  graphical 
solution  of  this  problem. 

Using  the  same  nomenclature  as  he  employs — viz.  :  a  = 
depth  of  panel  between  chords  ;  b  =  length  of  panel 
from  center  to  center  of  vertical  rods  ;  r  =  perpendicular 
side  of  angle-block  ;  s  =  base  of  angle-block  ;  c  =  width 
of  strut  ;  /  =  length  of  strut  and  x  =  the  angle  the  axis  of 
strut  makes  with  the  vertical  rods  (see  fig.  i),  we  have, 
according  to  his  equations, 

r  =  ^  sin  X,  and  s  =  c  cos  x,  but 


sin  .r 


cos  X  = 


s  = 


i^a'~  + 

b' 

a 



Va'  + 

b' 

cb 

~  Va"  + 

~b^ 

c  a 

Va^  ^-  b-" 


approximately,  and 


approximately  ;   substituting 


(i)  and 


(2)  approximately. 


In  this  form  the  carpenter  might  compute  the  dimensions 
of  the  angle-blocks  without  being  familiar  with  trigo- 
nometric functions  ;  but  these  expressions  may  be  evalu- 
ated graphically,  using  simply  the  carpenter's  square 
and  a  straight-edged  board. 

Clearing  (i)  of  fractions  : 


c  b  =:  r  \a^  -f  <^',  or  writing  as  a  proportion, 


Vd'  +  b-  :  b 


r{Z). 


Va'^  -f  b"  is  the  diagonal  of  rectangle  a  b.    In  the  right- 


angled  triangle  M  O  i\\    fig.    2,   in    which  A'  O 
AfO^b,  MN  =   Va'  +  b\ 


a  and 


On  the  line  Af  X,  laying  off  M Z  =  c,  and  drawing  Z  IV 
parallel  to  X  O.  we  have  :  M  \  :  M  O  :  :  M  Z  :  M  IV,  a 
comparison  of  which  with  (3)  shows  that  Af  IVis  a.  graph- 
ical approximation  to  r. 

In  the  same  manner  laying  oii  N  P  =  c,  and  drawing 
P  Q  parallel  to  O  M, 


NQ  = 


c  a 


\'a'  -I-  b' 


,    the  first  approximation  to  s. 


The  distances  AF  O  =  a  and  O  N  =  b  may  be  laid  off 
to  some  convenient  scale,  as  one  inch  to  the  toot,  while  c 
is  laid  off  full  size  ;  r  and  s  will  then  be  to  full-sized 
scale. 

Now  subtracting  the  first  result  from  a  and  the  second 
from  b  (using  scale  of  one  inch  to  the  foot),  forming  a 
rectangle  with  the  remainders  and  drawing  its  diagonal, 
the  result  is  the  length  /  of  the  strut  to  the  scale  of  one 
inch  to  the  loo\.—M  N',  fig.  2, 

Then  using  the  lessened  values  of  a  and  b  as  obtained 
above  in  the  diagram,  and  obtaining  the  values  of  AI'  W 
and  Q  N'  exactly  as  AI  W  and  Q  N  were  obtained,  we 
have  the  second  approximation  for  r  and  s,  which  will  be 
found  to  be  sufficiently  exact,  although  the  operation  may 
be  repeated  as  many  times  as  desired. 

Taking  Professor  Weld's  example,  in  which  a  =  %i\.. 
4.14  in.,  ^  =  6  ft.  6  in.  and  c  =  7)4  in.,  a  scale  graduated 
to  :f\  in.  gives,  for  the  first  approximation,  r  =  0.583  ft., 
s  =  0.494  ft.,  /  =  10.000  ft.  ;  and  for  the  second  approxi- 
mation, r  =  0.375  ft.,  s  =  0.500ft.,  /  =  10.000 ft.,  the  lat- 
ter being  the  exact  values  ;  the  results  are  reduced  \.ofeet 
for  purposes  of  comparison. 

The  length  of  strut  given  by  the  line  AT  N'  is  liable  to  a 
slight  error,  owing  to  the  reduction  of  the  scale  ;  but  noth- 
ing would  be  gained  by  a  second  approximation. 


In  the  drafting  room,  where  finer  instruments  are  at 
hand,  the  method  furnishes  a  very  accurate  check  upon 
analytical  computations. 

To  obtain  the  length  of  strut  accurately  on  the  timber, 
lay  off  i1/'  A'  =  I  ft.  (fig.  2)  and  draw  K  L  perpendicular 
to  M  O,  meeting  M'  N'  or  M'  N'  produced.  Using  Af  L 
as  a  unit  of  measure  as  many  times  as  the  panel  is  feet 
long,  the  required  length  is  obtained.  A  fraction  of  a  foot 
may    of    course    be    added  when   it  occurs    by   making 


MM'  K'     WW"  KO 

Fig.  2. 

M  K'  =  the  fractional  distance,  and  adding  AT  L  to  the 
length  already  obtained. 

For  the  bridge  carpenter  we  would  formulate  the  follow- 
ing : 

RULE. 

Using  a  scale  of  i  in.  equal  to  i  ft.,  lay  off  the  length  of 
panel  between  the  centers  of  vertical  rods  upon  the 
straight  edge  of  a  board,  M  O. 

From  one  end.  O,  of  the  distance  M  O  draw  a  line  at 
right  angles  to  M  O  ;  lay  off  on  this  line  to  a  scale  of  one 
inch  to  the  foot  the  depth  of  the  panel  between  the  chords 
ON. 

Connect  M  and  A^  by  a  straight  line.  Beginning  at  the 
point  M,  lay  off  on  the  line  N  AT  \\ie.  distance  M Z  =  the 
actual  width  of  the  brace  to  be  used,  and  draw  Z  JVpa.r- 
allel  to  A'  O.  From  the  point  N  on  the  line  M  N  lay  off 
the  distance  N  P  =  the  actual  width  of  the  brace,  and  con- 
sequently equal  to  M Z.     Draw  P  Q  parallel  to  MO. 

Measure  the  distance  M  IV,  and  then  lay  off  one-twelfth 
this  distance  (or  the  distance  to  a  scale  of  i  in.  equal  to 
I  ft.)  from  A^  on  the  line  N  O,  making  the  distance  A^  A^'. 
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In  the  same  manner  and  to  the  same  scale  lay  0^  the 
distance  N  Q  =  M  M'  upon  the  line  M  O. 

Join  M'  and  N'  by  a  straight  line. 

This  distance  Af  N'  is  the  required  length  of  the  brace 
to  a  scale  of  i  in.  =  i  ft. 

To  lay  off  this  length  full  size,  lay  off  on  the  edge  of  the 
board  the  distance  M'  K  =  \  ft.,  and  draw  the  line  K  L 
at  right  angles  to  it  until  it  cuts  the  diagonal  Af  N'  or 
M'  N'  produced, 

^On  one  arm  of  the  square  take  a  length  of  one  foot. 
M'  K,  and  on  the  other  arm  the  length  KL, 
f.  Taking  the  diagonal  connecting  these  two  points  as  the 
unit  of  length,  apply  it  to  the  timber  as  many  times  as 
there  are  feet  in  the  length  of  the  panel.  Should  there  be 
odd  inches  in  the  panel  length,  lay  off  this  distance  (as 
Af  K)  the  same  as  the  one  foot  M  K  was  laid  off.  Draw 
the  line  K*  L  at  right  angles  to  it,  and  apply  the  distance 
AI  L  in  addition  to  the  distance  already  obtained  by  the 


of  the  compound  required.     The  dimensions  are  as  fol- 
lows : 

Compound  Standard 

No.  175.  No.  169. 

H.P.  13  in.  1 

Diameter  of  cylinders j  „          ..   >■  »9    ••»• 

Stroke        "          "         26   "  26    '• 

Throw  of  eccentrics 5    '  Si 

Maximum  travel  of  valve  5  '*  $« 

T      ^    r      ,                                                                "P-     *''   I  A    " 

L.eaa  ol  valves ...•.•w%»>4-^.»^. ••>•••.  p       a  '<  t 

Outside  lap  of  valves jp       »'«f  ^ 

Size  of  steam-ports 9\\  x  ij  in.  i6  x  if  in. 

Size  of  exhaust-ports a«l  x  7    "  x6  x  af  " 

Bridge 3    •"•  *    •"• 

Inside  diameter  of  dry-pipe ^s  "  ^J 

Exhaust  nozzles... '..-..>.:• Double,  3J  in.  Double,  3I  in. 

^^^ » 
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application  of  the  distance  Ai'  Z,  to  get  the  exact  length 
(/,  fig.  I)  in  the  brace  required. 

To  obtain  the  actual  dimensions  of  the  angle-blocks,  lay 
off  on  the  diagonal  Al'  N'  the  actual  width  of  the  brace 
AT  Z  and  N"  P  the  same  as  before,  and  draw  the  lines 
Z   W  and  P  Q. 

The  length  of  the  line  AT  IV  is  the  length  of  the  verti- 
cal side  (r,  fig.  i)  of  the  angle-block,  and  N'  Q  is  the 
length  of  its  horizontal  side  {s,  fig.  i).     These  dimensions 

are  full  size. 

• 

TESTS  OF  A  COMPOUND  LOCOMOTIVE. 


We  have  received  from  Mr.  A.  Vail.  General  Master 
Mechanic  of  the  Western  New  York  &  Pennsylvania  Rail- 
road, reports  of  a  comparative  test  of  two  consolidation 
freight  engines — one  the  standard  pattern  of  the  road  and 
the  other  a  compound  engine  of  the  Vauclain  four-cylin- 
der type — recently  made  on  that  road.  This  report  we 
give  herewith. 

The  results  of  the  tests  are  given  in  tables  i,  2,  3,  4  and 
5  appended,  and  in  the  remarks  on  the  tests  made  by  Mr. 
Vail,  which  arc   given  below.     A  number  of  indicator 
cards  taken  are  not  given  here,  owing  to  lack  of  space  and. 
time. 

The  accompanying  illustration,  from  a  photograph, 
shows  the  compound  locomotive  No.  175. 

The  engines,  as  will  be  seen  from  the  dimensions  given 
below,  are  of  the  same  size  and  identical  in  all  respects, 
except  as  far  as  the  different  arrangement  of  the  cylinders 


Weight  in  working  order 129,600  lbs.  126,870  lbs. 

Weight  on  drivers ,. 116,550  "  110,650  " 

Weight  on  truck .■..,. ^.i»*. 13,050"  16,330" 

Tubes,  number  and  diameter a6i — :  in.  261 — 2  in. 

"       length ;2  ft.  iij  in.  la  ft.  11 J  in. 

Size  of  grate 41J  x   loi^  in.      41I  x  loi^  in. 

Grate  area 39  sq.  ft.  29  sq.  ft. 

Total  heating  surface 1,879   "    "  1,879    "    " 

Number  of  pairs  of  drivers.   ...ijir,«>.,a 4  4 

Diameter  of  drivers 50}  in.  50}  in. 

Total  wheol-base si  ft.  9  in.  ai  ft.  9  in. 

Rigid  wheel-base 14  "  o  "  14"©" 

Pressure  of  steam  carried 175  lb5.  160  lbs. 


Fuel  used. 


Bituminous  coal. 


COMMENTS. 


Apparatus  Used. — Both  engines  had  the  cylinders  piped 
for  indicators  in  the  usual  way,  the  pipes  being  carefully 
lagged  with  asbestos  and  felting,  A  high  grade  pyrometer 
was  inserted  in  the  smoke-box  midway  between  the  flue 
sheet  and  the  diaphragm,  and  placed  so  as  to  be  in  full 
view  of  the  operator  on  the  front  end.  A  vacuum  gauge 
was  connected  with  the  smoke-box  by  a  ^^^-in.  pipe  pass- 
ing from  the  gauge  to  the  cab,  and  by  a  return  bend  to  the 
smoke-box  ;  the  object  in  this  long  connection  being  to 
do  away  with  the  constant  jumps  and  vibrations  of  the 
water  column. 

The  vacuum  gauge  was  made  of  two  )^-in.  glass  tubes 
36  in.  long,  connected  at  the  bottom  with  a  rubber  tube 
and  half  filled  with  colored  water.  A  Thompson  water 
meter  was  connected  with  the  feed   pipe,  and  used  to 
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An  ndmirahic  method  of  approximations  l)y  Professor 
I.;i  nas  (i.  Welti,  which  appeared  in  the  April  number  of 
the  '/)(?;/ .v/V,  i8()0,  furnishes  a  i)asis  for  a  simple  j^raphical 
solution  of  this  probictm. 

Using  the  same  nomenclature  as  he  employs — vi/,  :  d  = 
depth  of  panel  between  chords  ;  />  =  length  of  panel 
from  center  to  center  of  vertical  rods  ;  ;■  =  perpendicular 
side  of  anj^le  block  ;  s  ^  base  of  angle-block  ;  r  —  width 
of  strut  ;  /  rr:  lengtli  of  strut  and  .r  :  r  the  angle  the  axis  of 
strut  makes  with  the  vertical  rods  (see  lig.  i),  we  have, 
acconliug  to  his  equations, 


;•  -- 


r  sin   1 ,  and  j  —  r  cos  r,  but 


/> 


sin    1 


\  .1 


/>■ 


approximately,  an<l 


(OS  »  appro\im:iteiy  ;    substituting 


r  /• 


t  u 


r  if 


(I)  and 


(2)  approximately. 


In  this  form  the  carpenter  might  coiitpuic  the  dimensions 
of  the  angle-blocks  without  tieing  familiar  with  trigo- 
nometric functions  ;  but  these  cxprissions  may  be  evalu- 
ated graphically,  using  simply  the  carpenters  square 
and  a  straight-edged  l^oard. 

Clearing  1 1)  of  fractions  : 

r  h  :^  r   \  </    -t-  /'-',  or  writing  as  a  proportion. 


\  ,r  -\-  /'     :   /' 


f  (3). 


\-Mt',-^  h-  is  the  diagon;il  of  re«-tangle  </  /'.     In  the  right- 
angleil   triangle    M  O  .\\    lig.    2,    in    which    .\'  O        -r  and 


.J/('        KJ/A         t  .r 


//-'. 


On  the  line  .1/  A',  laying  oil  .V /^  --  c,  and  drawing  Z  W 
p.irallel  to  A  O.  we  have  :  .1/  .\'  :  M  <  >  :  :  .1/  X  :  M  //',  a 
coinp  irison  ol  which  with  131  shows  that  M  \V  is  a  graph- 
ical api^roximation  to  ;•. 

in  the  same  manner  laying  oil  A'  /'  =  c,  and  drawing 
/'  (J  parallel  to  O  M. 


<■  a 


X  (2  =- 


the  lirst  approximation  to  s. 


The  distances  .U  O  =  it  and  (^  X  =  b  may  be  laid  oil 
to  some  convenient  scale,  as  one  inch  to  the  toot,  while  c 
is  laid  oil  full  size  ;  ;  and  .v  will  then  be  to  full-sized 
scale. 

Now  subtracting  the  first  result  from  a  and  the  second 
from  /'  'Using  scale  of  one  inch  to  the  foot),  forming  a 
rectangle  with  the  remainders  an<l  drawing  its  diagonal, 
the  result  is  the  length  /  of  the  strut  to  the  scale  of  one 
inch  to  the  foot — M  A  ,  lig.  2. 

Then  using  the  lessened  values  of  a  antl  b  as  obtained 
above  in  the  diagram,  and  obtaining  the  values  of  M  W 
and  Q  X  exactly  as  M  /Kand  (_>  A' were  ol)tained,  we 
have  the  second  approximation  for  /■  and  s,  which  will  be 
found  to  be  suiliciently  exact,  although  the  operation  may 
be  repeated  as  many  times  as  desired. 

Taking  I'rofessor  Weld's  example,  in  which  i?  —  S  ft. 
4'j  in,,  /'  —  '')  ft.  6  in.  and  c  =  7'j  in.,  a  scale  graduated 
to  ,V  in.  gives,  for  the  first  approximation,  ;  :::::  0.383  ft., 
.V  —  0.494  ft.,  /  =  10.000  ft.  ;  and  for  the  second  approxi- 
mation, r  —  0.375  ft.,  s  -  0.500ft.,/  =  10.000 ft.,  the  lat- 
ter being  the  exact  values  ;  the  results  are  reduced  Xo  feet 
for  purposes  of  comparison. 

The  length  of  strut  given  by  the  line  M  X  is  liable  to  a 
slight  error,  owing  to  the  reduction  of  the  scale  ;  but  noth- 
ing would  be  gained  by  a  second  approximation. 


In  the  drafting  room,  where  liner  instruments  are  a 
hand,  the  method  furnishes  a  very  accurate  check  upoi 
analytical  computations. 

To  obtain  the  length  of  strut  accurately  on  the  timber. 
lay  oil  M  K  =  l  ft.  (tig.  2)  and  draw  K  I.  perpendiculai 
tc  M  (),  meeting  .)/  A"  or  .1/  A''  produced.  Using  M  I 
as  a  unit  of  measure  as  many  times  as  the  panel  is  feet 
long,  the  required  length  is  obtained.  A  fraction  of  a  foot 
may    of    course    be    added  when    it   occurs    by    makinj; 


MM'  K'     WW  KO 

rijf.  2. 

^f  K  =  the  fraclional  distance,  and  adding  .1/  /,  lo  the 
length  already  obtained. 

For  the  bridge  carpenter  we  would  formulate  the  follow- 
ing : 

RULE. 

Using  a  scale  of  1  in.  equal  to  i  ft.,  lay  off  the  length  of 
panel  between  the  centers  of  vertical  rods  upon  the 
straight  edge  of  a  board,  A/  O. 

From  one  end.  O,  of  the  distance  Af  O  draw  a  line  at 
right  angles  to  .1/  O  ;  lay  off  on  this  line  to  a  scale  of  one 
inch  to  the  foot  the  depth  of  the  panel  between  the  chords 
ON. 

Connect  M  and  X  by  a  straight  line.  Beginning  at  the 
point  Af,  lay  off  on  the  line  A^  AT  the  distance  AI Z  —  the 
actual  width  of  the  brace  to  be  used,  and  draw  Z  f/'par 
allel  to  .\  O.  Fiom  the  point  .Yon  the  line  AT  N  lay  off 
the  distance  A' /*  =  the  actual  width  of  the  brace,  and  con- 
sequently equal  to  AI  Z.     Draw  P  Q  parallel  to  A/  (). 

Measure  the  distance  Af  Il\  and  then  lay  off  one-twelfth 
this  distance  (or  the  distance  to  a  scale  of  i  in.  equal  to 
1  It.)  from  A'  on  the  line  N  O,  making  the  distance  N  jY. 
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In  the  same  manner  and  to  the  same  scale  lay  off  the 
distance  N  Q  "  M  M  upon  the  line  M  O. 

Join  M  and  N  by  a  straight  line. 

This  distance  M  N'  is  the  required  length  of  the  brace 
to  a  scale  of  i  in,  ^  i  It. 

To  lay  off  this  length  full  size,  lay  off  on  the  edge  of  the 
board  the  distance  M  K  =  i  ft.,  and  draw  the  line  K  A 
at  right  angles  to  it  until  it  cuts  the  diagonal  M  A  or 
M  N  produced 

'On  one  arm  of  the  square  take  a  length  of  one  foot. 
M  K,  and  on  the  other  arm  the  length  A'  A. 
.-.  Taking  the  diagonal  connecting  these  two  points  as  the 
unit  of  length,  apply  it  to  the  timber  as  many  limes  as 
there  are  feet  in  the  length  of  the  panel.  Should  there  be 
odd  inches  in  the  panel  length,  lay  off  this  distance  (as 
M  K )  the  same  as  the  one  foot  M  K  was  laid  off.  Draw 
the  line  A'  L  at  right  angles  to  it,  and  apply  the  distance 
M  L  in  addition  to  the  distance  already  obtained  by  the 


of  the  compound   rcqui 
lows  :  .     - 


red.     The  dimensions  arc  as  fol 


I)i.Tiiii-i<T  of  cylinders. ii.jV,<,>.T. 

r^ir'tk^  '-'. ',n V. •  .*' *  .'i^  ■  * •*• 

Tlir<.w  of  tccenlrics.  .v-j...'...".-..  %  . 
M.ixiiniiiii  tr:iv<-t  of  valve  . ...  .-.v.  • 

F.C.kI    of   \  .ll\-C-< .''m.i  .'-ij,^'-,  .  . 


<  )iiiM<lc  l.ip  of  values'.-.. ..^;i-i>--'----: 

Si/c  of  stcam-jKiitSiUiv.  .»...>^-'.  •••  •  •  -.^ 
Size  of  exlutiist-poris. . .  ..,,■.,.. .v-.i,,- 

HrlCi^C .,...;*    ..  ..»,i <..-.■*..■.  •./ 

Iii>;i<l<:  <l ia meter  «»f<lry:pi]ie...-.~i..... . .. 

Kxii:iH<>t  iior>«lcs,.v;,<.,'.-,»»;i«>'U..  ...:U".. 


OiOipoilll'l 

No.  17.. 
li.l'-  i.iii..  , 


•  "♦_•  •  #  •  - 


II. I", 
i.i*. 
B.1V 


s 
.s  " 

»  i 

:  K  ■ .      ' 

y.  %i,  ill. 


3    ••{ 


St;iM(I:iiil 

No.    iftr^. 

t'f    in. 


r.    <    I ;  111. 
16  K  »;j{  '^ 
I    in. 


\  i*out>tf,  ■)^1  in.    •  I*«iililr, 


COMPOUND   LOCOMOTIVE   FOR    WLSTERN    NEW    YORK   &    PENNSYLVANIA    R.MUiOAU. 
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application  of  the  distance  J/  L,  to  get  the  exact  length 
(/,  fig.  1)  in  the  brace  required. 

To  obtain  the  actual  dimensions  of  the  angle-blocks,  lay 
off  on  the  diagonal  M  \  the  actual  width  of  the  brace 
M  Z  and  X  P  the  same  as  before,  and  draw  the  lines 
Z    W  and  P  Q. 

The  length  of  the  line  ^f  W  is  the  length  of  the  verti- 
cal side  (r,  fig.  i)  of  the  angle  block,  and  A'  Q  is  the 
length  of  its  horizontal  side  (j,  fig.  Ij.     These  dimensions 

are  full  size. 

-♦- 

TESTS  OF  A  COMPOUND  LOCOMOTIVE. 


We  have  received  from  Mr.  A.  Vail,  General  Master 
Mechanic  of  the  Western  New  York  &  Pennsylvania  Rail- 
road, reports  of  a  comparative  test  of  two  consolidation 
freight  engines — one  the  standard  pattern  of  the  road  an<l 
the  other  a  compound  engine  of  the  Vauclain  four-cylin- 
der type — recently  made  on  that  road.  This  report  we 
give  herewith. 

The  results  of  the  tests  are  given  in  tables  i,  2,  3.  4  and 
5  appended,  and  in  the  remarks  on  the  tests  made  I)y  Mr. 
Vail,  which  are  given  below.  A  number  of  indicator 
cards  taken  are  not  given  here,  owing  to  lack  of  space  and 
time. 

The  accompanying  illustration,  from  a  photograph, 
shows  the  compound  locomotive  No.  175. 

The  engines,  as  will  be  seen  from  the  dimensions  given 
below,  are  of  the  same  size  and  identical  in  all  respects, 
except  as  far  as  the  different  arrangement  of  the  cylinders 


Weight  ill  working  or<!er. .. i. ;..-.,>.•  •    •-  >...l2Q,C>o  Ihs. 

tzfi.P,;'.  U.S. 

Weij^ht  Oil  dtiv<:rs......,....>v».-"..'.-.--''..<-^-..n<i,55'>  '" 

tt<.,C-ji  '• 

Weight  on  truck....  .»..;....*...-";;.<...',».    .    »3,os<^  ** 

i6,2ao  " 

'I'liUes,  luiBibcr  ami  diameter. ................ .a<Ji  —  :  ii». 

261  — .r  in. 

"       length........ .................... .;'...   jv  ft.  ti.i  in. 

I  ?  ft .  1 1  i  ill 

Size  of  grate  .V-V-w«'wwi-V  •i.>V-.\, 41!   *  «'«i4  lit- 

Vi         .    .. 

Gr;ilc  area. ...  I.V...'...,4«.-.. .'..'.■...•  i.... mV;.      b9  yj-Tt.  ' 

■^t  }.<J..ft. 

Total  hcaliiii;  siirfa>;e,;.;.i  ..r,.V,  .;..,..,.,    .i. ...  ."t<H79   "-." 

•».^7>    •*     ** 

Number  of  pairs  of  drivers..;;.. .  .i^.;..;; .4  ■■■'..■"" 

4 

Di.itni  ter  of  dris-en»..., ...... ;:.?..;.. ........      yrj  in. 

5oi  in. 

Total  wheel-ba.-.c .v.  ^i.i.'.:.>-iv.,..;.,.,.-..VT;r  r  •-**  J^*-  'J  '"• 

ai  ft.  g  ill. 

Rigid  vvVieel-bi'se.  ,•..*.£■.»,. .;,^.  ..i.i.v-.  .*;V;,....I4  ■'  '- 

,4   "  r,  " 

Pressure  of  steam  Garxjtd., ., .;...■... i.|..:.'i- ^i »■;•.. tJS  !'»«:. 

160  \\r^. 

Fuel  used. . :..-.. i.i -..^vv..;.  ..*  ....  i.i....i_i..'.;'           liituminous  co.-«l. 

;5^:.v     COMMENTS. 

ylpparatus  Used. — Both  engines  had  the  cylinders  piped 
for  indicators  in  the  usual  way,  the  pipes  being  carefully 
lagged  with  asbestos  and  felting,  A  high  grade  pyrometer 
was  inserted  in  the  smoke-box  midway  between  the  tlue 
sheet  and  the  diaphragm,  and  placed  so  as  to  be  in  full 
view  of  the  operator  on  the  front  end.  A  vacuum  gauge 
was  connected  with  the  snioke-bo.K  ])y  a  4 -in.  pipe  pass- 
ing from  the  gauge  to  the  cab,  and  by  a  return  bend  to  the 
smoke-box  ;  the  object  in  this  long  connection  being  to 
do  away  with  the  constant  jumps  and  vibrations  of  the 
water  column. 

The  vacuum  gauge  was  made  of  two  'j-in.  glass  tuljes 
36  in.  long,  connected  at  the  bottom  with  a  rubber  tube 
and  half  lilled  with  colored  water.  A  Thompson  water 
meter   was   connected  with   the   feed    pipe,  and   used   to 
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Table  i.     Fkkd-Watbr  Test  between  Buffalo  and  Machias. 


Total  pounds  feed  water  used.  Lbs. 

Feed  Wciter  used  per  hour.  Lbs, 

Average  I.H.P.  per  hour.  I.H.P. 

Pounds  feed  water  per  LH.P.  per  hour.         Lbs. 
Pounds  steam  accounted  for  by  indicator, 

per  I.H.P.  per  hour,  at  release.  Lbs. 

Percentage  of  feed  water  accounted  for  by 

Indicator.  % 

Loss  due  to  leakage,  condensation  and  other 

causes,  % 

Percentage  of  feed  water  used  per  I.H.P. 

per  hour  favor  Compound.  % 


Standard. 

44788 
19473 
684.7 

a8.44 

33.04 

81. 

19. 


Compound. 

36638 

16649 

702.5 

a^.7 

18. ox 

76. 

**■ 

16.6 


Note. — Cylinder  cocks  and  Piston  packing  on  Compound  leaking. 

Table  3.    Summary  of  Pyrometer  and  Vacuum  Gauge  Readings  all 

TRIPS  made. 


Date. 

Trip. 

Engine. 

Average 
Pyro- 
meter. 
Deg. 
Fahr. 

Average 
Vacuum 

Gauge. 

Inches. 

Highest 
Pyrometer. 
Deg.  Fahr. 

Highest 

Vacuum. 

Inches. 

Aug.  20. 

South. 

Standard  169. 

«55» 

5-4 

820* 

9-5 

Sept.  I. 

44 

Compound  175. 

594° 
709° 

2.6 

8l3» 

7.0 

Aug.  21. 

North. 

Standard  169. 

6.6 

820° 

xo  5 

Sept.  a. 

44 

Compound  175. 

639° 
700° 

3.6 

730» 

7.0 

Aug.  27. 

South. 

Standard  169. 

6.5 

887° 

II. 0 

Sept.  8. 

44 

Compound  175. 

646° 
695° 
642" 

1-7 

774« 

6.5 

Aug.  28. 

North. 

Standard  169. 

71 

835- 

11. 0 

Sept.  9. 

»t 

Compound  175. 

38 

774' 

6.0 

Note. — Compound  trip  of  September  3  not  included. 

measure  the  water  fed  into  the  boiler.  Only  part  of  the 
test  was  made  with  the  meter  when  an  accident  disabled 
it,  the  water  consumption  for  the  remaining  time  being 
taken  by  means  of  a  graduated  float.  The  feed  water  test 
of  the  standard  engine  No.  169  is  based  on  readings  from 
the  meter. 


Table 

2.    Vacuum  Gauge  between  Buffalo  and  East  Aurora. 

Speed. 

Vacuum  Gauge. 

Reverse  Lever. 

Miles  per  hour. 

Inches. 

N*tch. 

Standard. 

Compound. 

Standard. 

Compound. 

Standard. 

Compound 

10 

17 

7 

3 

6 

3 

"4 

22 

7 

5 

8 

3 

»3 

as 

7 

3 

9 

6 

ao 

26 

6 

3 

9 

6 

at 

"3 

4^ 

a4 

9 

6    . 

19 

91 

4 

2 

9 

6 

16 

19 

S 

^H 

9 

6 

29 

18 

s 

a 

8 

« 

25 

18 

6 

»X 

8 

6 

ai 

19 

7 

3 

8 

3 

18 

«5 

8 

I 

8 

6 

17 

14 

8 

X 

8 

6 

16 

13 

8 

X 

7 

6 

10 

II 

5 

'A 

3 

6 

aa 

10 

•  8 

% 

8 

6 

18 

9 

5 
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Standard  Engine  hauling  47  empties. 
Compound  Eagine  hauling  50  empties. 


both  engines  were  cleaned  and  the  front  ends  dumped. 
Then  the  fires  were  banked  with  coal  taken  from  another 
engine,  so  that  the  coal  noted  as  consumed  is  the  amount 
burned  while  hauling  the  train  only.  No  allowance  was 
made  for  coal  and  water  used  while  on  sidings. 

Method  of  Getting  Data. —The  weight  of  the  trains  was 
furnished  by  the  Freight  Department,  and  is  the  actual 
train  weight.  All  delays  were  noted,  and  the  time  the 
throttle  valve  was  closed  was  taken.  Every  two  minutes  of 
the  run  readings  were  made  from  the  steam  gauge, 
pyrometer  and  vacuum  gauge.  Cards  were  taken  on  an 
average  of  every  two  minutes.    The  speed  was  determined 


Table  4. 

Vacuum 

Gauge  and  Pyrometer  in  Connection  with  Speed 

AND  Card 

Data  between  Buffalo  and  Holland. 

Speed. 

Boiler  Press. 

Throttle. 

1  • 

Reverse  Lever. 

I  H  xj 

Vacuum  Gauge. 

Pyrometer. 

Miles  per  hour. 

Lbs. 

Notch. 

Inches. 

Deg. 

Fakr. 

No.  169. 

No.  175. 

No.  169. 

No.  175. 

No.  169. 

No.  175. 

No.  169. 

No.  175. 

No.  169. 

No.  X75. 

No.  169. 

No.  X7S- 

No.  169. 

No.  175. 

21.5 

27.8 

»53 

168 

1 

Full 

Full 

9th. 

6th. 

558 

799 

6 

3 

684* 

685° 

'  20  6 

26.0 

»49 

171 

t4 

44 

It 

56s 

759 

4^ 

a^ 

684" 

6.7" 

233 

at. 5 

157 

16s 

4* 

i& 

>( 

683 

700 

4 

3 

639- 

S7a* 

23.3 

25.1 

155 

166 

44 

44 

«( 

67s 

801 

5 

aX 

639" 

594° 

15.2 

16.9 

153 

170 

44 

44 

11 

630 

6.7 

5 

3 

639° 

549° 

16.1 

16. 1 

146 

168 

44 

8th. 

ii 

672 

542 

6 

aj< 

594" 

578° 

39.3 

X3.4 

145 

169 

44 

44 

2d. 

748 

706 

7 

3 

7.7° 

6x7* 

179 

'4-3 

M9 

173 

44 

14 

•• 

601 

790 

8 

iH 

7I7' 

662" 

15.9 

29.0 

'       X5« 

160 

44 

7th. 

6th. 

694 

840 

8 

3^ 

8X9« 

639° 

"■3 

16  I 

»54 

170 

44 

8th. 

4th. 

823 

832 

8Ji 

a^ 

717* 

639° 

26.0 

iS.a 

153 

168 

14 

44 

44 

649 

6S7 

4 

3 

594' 

639' 

34.2 

»4.3 

M3 

»73 

4* 

9th. 

44 

605 

719 

5^ 

3 

752* 

662° 

»9-7 

ia.5 

ISO 

174 

44 

44 

ad. 

571 

683 

6 

aH 

684- 

6i7» 

33.3 

11.6 

!    153 

172 

tl 

«i 

6th. 

73$ 

4«9 

8 

»}^ 

662* 

594- 

«3-3 

«3-4 

15s 

172 

*' 

44 

44 

ad. 

742 

707 

7 

3^ 

729* 

639' 

X3-4 

16.9 

156 

169 

44 

6th. 

44 

836 

985 

4 

3^ 

75a' 

583- 

7« 

21.S 

136 

169 

:    a 

a 

xst. 

6th. 

4a3 

691 

5 

3 

717' 

628» 

15.3 

32.6 

140 

170 

!      Full 

H 

7th. 

44 

676 

741 

6^ 

3 

684«' 

662° 

16.1 

11.6 

155 

170 

•  4 

Full 

•< 

2d. 

7«3 

626 

4^ 

^M 

717* 

594» 

27.8 

X5.2 

1    142 

172 

t« 

44 

loth. 

6th. 

474 

5«3 

^H 

^Ya 

639* 

594* 

Method  of  Getting  Coal  Consumption. — The  coal  put 
on  the  tank  was  weighed  on  track  scales  at  Buffalo,  and 
on  the  return  the  coal  remaining  was  weighed  on  the  same 
scales.     On  the  arrival  of  the  engines  at  Olean  the  tires  of 


by  a  Boyer  speed  recorder,  the  chart  of  which  was  used 
for  the  vacuum  gauge  statements.  The  number  of  times 
the  injector  was  applied  was  noted,  and  a  deduction  made 
for  the  water  wasted  from  the  overflow. 
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Table  s-    Comparison  of  Fuel  and  Water  Consumption  of  Standard  and  Compound  Engines  169  and  175. 
First  round  trip  Standard  Engine.     First  round  trip  Compound  Engine. 


Engine. 

Date. 

Number  af  Cars 
Handled. 

Weight  of 
Train  in 
Pounds 

Arerage 

Weight  of 

Train. 

Time  on 
Road. 

Actual 

Running 

Time. 

Time 

Throttle 

was  Open. 

Pounds 
Coal 
Used. 

Pounds 
Water 
Used. 

Pounds 
Train   Haul 
per  lb.  Coal. 

Pounds 
Water  Evap. 
per  lb.  Coal. 

Average 

Steam 

Pressure. 

Standard. 
Compound. 

Aug.  20. 

"     21, 
Sept.  I. 

"      2. 

38  emp.    South. 
40L  lE.    North. 
47  emp.     South. 
42L2E.    North- 

738960 
2656500 
X001250 
2653980 

1697730 
1827615 

lohrs.  35m. 
10  "    23  '♦ 

Shrs.  x6m. 
8  "      2  •' 

7hrs.    im. 
6  "    3a  " 

12800 
9580 

86150 
73870 

132.6 
190.8 

6.T3 

7-7» 

MS.  7 

f6i.6 

water  evap, 
Second  round  trip  Standard  Engine.     Second  round  trip  Compound  Engine. 


Percentage  of  train  hauled  per  lb.  coal  favor  of  Compound     30.  sf 

"    "       "        "      "  "  12.7* 


Standard. 

Aug.  27. 
"     28. 

47  emp. 
44L  2E. 

South. 
North. 

1042450 
2623433 

. 183294X 

iihrs.  i6m. 

Shrs.  32m. 

yhrs.  28m. 

16000 

95640 

"45 

5-98 

149-7 

Compound. 

Sept.  3. 

It          *« 

50  emp. 

46L  3E. 

South. 
North. 

1093200 
2837918 

1965559 

12"    59" 

8  "    47  " 

No  record. 

10730 

78520 

183.2 

7  3» 

166.7 

Percentage  of  train  hauled  per  lb.  coal  favor  of  Compound     37.Sf 
"  "  water  evap. '        "      "  "  18. 3X 

Third  round  trip  Standard  Engine.     Third  round  trip  Compound  Engine. 


Standard. 

Aug.  27. 
"    28. 

47  emp.    South. 
44L  2E.    North. 

1042450 
3623433 

1832941 

iihrs.  16m. 

8hrS'  22m. 

7hrs.  a8m. 

16000 

95640 

114.5 

5.98 

»49.7 

Compound. 

Sept.  8. 

47  emp.     South. 

108267s 

"      9- 

4sL.  2E.  North. 

3870233 

1976454 

,1  »     35  " 

7"    36" 

6  "    52  " 

9700 

78460 

203.7 

8.09 

169.6 

Percentage  of  train  hauled  per  lb.  coal  favor  Compound    43.8it 
"  "  water  evap.     "     "       "        "  "  a6.o5< 


Summary  of  all  trips  made  by  both  Engines. 


Standard. 

Two  rou'd 

trips. 

South. 
North. 

178x410 
4279933 

3530671 

2ihr8.  Sim. 

t6hrs.  38m. 

i4hr9.  29m. 

28800 

18 1790 

122.6 

6.31 

147-7 

Compound. 

Three    " 

it 

South. 
North. 

3177125 
8362131 

5769628 

34  "     57  " 

24"      35" 

30010 

230850 

192.2 

7.69 

166.0 

Percentage  of  train  hauled  per  lb.  coal  favor  Compound    3^.9% 

179% 


water  evap. 


No  discrimination  was  made  in  regard  to  coal,  the 
tenders  being  loaded  at  the  regular  coaling  pockets,  tak- 
ing it  as  it  came.  The  engineman  and  fireman  were  not 
instructed  in  any  way  as  to  how  the  engines  were  to  be 
run  or  fired,  each  man  exercising  his  own  judgment  both  in 
running  and  firing.  The  trains  the  tests  were  made  with 
were  regular  scheduled  trains,  and  the  same  time  was 
made  as  with  all  other  regular  freight  trains. 

Compound  engine  No.  175  and  simple  engine  No.  169  are 
exact  duplicates,  except  the  compound  cylinders  on  engine 
No.  175  ;  they  were  also  built  at  the  same  time,  being  an 
order  of  two  out  of  an  order  of  seven. 

The  tests  with  engine  No.  169  were  made  under  favorable 
circumstances,  the  weather  being  fine  and  the  rail  good. 
The  first  test  with  the  compound  was  made  under  the 
same  circumstances  as  with  No.  169  ;  the  second  test  with 
No.  175  was  quite  different ;  the  run  from  Buffalo  to 
Olean  was  made  in  the  daytime,  weather  fine  and  rail 
good.  On  reaching  Olean,  No.  175  was  ordered  to  return 
to  Buffalo  with  a  train  without  having  her  fire  cleaned  or 
front  end  dumped  out,  and  left  Olean  for  Buffalo  about 
8.30  in  the  evening.  The  weather  was  bad  and  rainy,  and 
No.  17s  slipped  badly,  consequently  more  fuel  was  con- 
sumed than  on  the  former  trip. 

We  were  not  quite  satisfied  with  this  test,  therefore 
thought  it  advisable  to  make  one  more  trial  trip  with  No. 
175,  which  was  done  under.favorable  conditions,  the  weather 
being  fine  and  the  rail  good.  This  made  three  trial  trips 
with  the  compound  and  two  with  the  simple  engine. 

Our  report  shows  the  performance  of  the  two  locomotives 
in  the  tests  made,  which  was  done  with  great  care,  and 
every  precaution  taken  to  make  the  tests  between  the  two 
kinds  of  locomotives  as  complete  as  possible. 

A  careful  study  of  the  tables  will  show  the  completeness 
of  the  test,  and  the  results  will  be  of  interest  to  all  loco- 
motive men. 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING. 


By  M.  N.  Forney. 


fCopyright,  1890,  by  M.  N.  Forney.) 
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CHAPTER  XIII. 
TOOTHED   GEARING. 

For  transferring  motion  or  power  to  or  from  revolving  shafts 
or  spindles  what  is  called  tootbed  gearing  is  used  perbaps  more 
than  any  other  kind  of  mechanism.  The  principles  of  its  con- 
struction have  been  discussed  a  great  deal,  and  the  student  will 
find  that  much  has  been  written  about  it  which  is  hard  to  under- 
stand, and  that  there  is  still  a  good  deal  of  difference  of  opinion 
with  reference  to  the  theory  and  construction  of  such  gearing. 
There  is  not  room  in  a  series  of  articles  like  these  to  consider 
the  subject  fully,  and  therefore  only  some  of  its  elementary 
principles  will  te  explained  here. 

Toothed  gearing  may  be  divided  into  three  general  classes, 
spur,  bevel  and  screw  gearing.  In  the  former,  the  axes  of  the 
driving  and  driven  wheels  are  parallel  to  each  other  ;  and  their 
action  in  relation  to  each  other  is  similar  to  that  of  two  revolv- 
ing cylinders  whose  surfaces  are  in  contact  with  each  other  and 
whose. axes  are  parallel,  as  represented  by  fig.  333.  The  action 
of  bevel  wheels  is  similar  to  that  of  two  revolving  cones,  whose 
surfaces  are  in  contact,  and  whose  axes  may  be  at  any  angle  to 
each  other,  as  will  be  more  fully  explained  hereafter.  In  screw 
gearing  a  toothed  wheel  is  driven  by  a  screw,  and  their  axes 
are  usually  at  right  angles  to  each  other. 

SPUR   GEARING. 

If  the  peripheries  of  two  wheels,  A  and  B,  fig.  333,  one  of  half 
the  diameter  of  the  other,  are  in  contact  at  a,  and  either  (say 
the  smaller  one)  is  made  to  revolve,  the  other  will  also  turn. 
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provided  its  resistance  to  turning  does  not  exceed  that  of  the 
friction  between  the  surfaces  in  contact.  If  these  surfaces  do 
not  slide  01  each  other,  they  will  both  move  through  the  same 
distance  in  the  same  time.  This  surface  speed  is  called  the  linear 


F'g.  333 


velocity.  As  the  circumfeience  of  A,  the  small  wheel,  which  is 
supposed  to  be  driving  B,  the  large  one,  is  only  half  ihat  of  B,  the 
latter  will  be  turned  only  half  of  a  revoluti<^n,  while  A  is  tutning 
all  the  way  around — that  is,  while  A  is  turning  360  degrees  of  a 


Fig-  334. 


revo'ution  B  is  turned  only  180  degrees.  The  amount  of  this  turn- 
ing, expressed  in  degrees  or  angular  units,  is  called  the  atij^ulur 
velocity.  Thus  while  A  is  turning  a  complete  revolution,  or  360 
degrees,  B  is  turned  only  half  way  round,  or  iSo  degrees.    The 


Fig.  335. 


angular  velocity  of  B  is  therefore  only  one-half  of  A.  It  will 
be  seen,  then,  that  while  the  linear  velocity  of  the  circumfer- 
ences of  the  two  such  wheels  is  the  same,  the  angular  velocity 
of  the  large  one  is  only  half  that  of  the  small  one.  This  angu- 
!  ir  vi.1  jcliy  is  always  in  inverse  proportion  to  the  diameters  of 


the  wheels.     The  relative  velocities  of  wheels  of  different  sizes 
will  be  discussed  farther  on. 

It  has  been  remarked  that  if  the  wheels  are  in  contact,  that  if 
one  of  them  is  turned  the  other  will  also  revolve,  provided  the 
resistance  to  turning  is  not  greater  than  the  friction  between 
the  two  wheels.     Suppose,  now,  that  the  wheel  B  was  required 
to  lift  a  weight,  W,  by  means  of  a  string,  j,  wound  around  its 
axle.     By  varying  the  pressure  of  the  wheel  A  upon  B  at  the 
point  of  contact  a,  the  friction  between  the  wheels  may  be  made 
sufficient  for  the  lifting  of  the  weight,  if  the  latter  is  not  too 
great.     Two  smooth  wheels  in  contact  will,  however,  always  be 
liable  to  slip  in  relation  to  each  other.    As  it  is  often  absolutely 
essential  that  they  should  not  slip  at  all,  but  that  their  motion 
in  relation  to  each  other  should  be  "positive,"  as  it  is  called  — 
that  is,  they  should  always  maintain  definite  relative  positions, 
and  also  to  increase  their  capacity  for  transferring  power  from 
one  to  the  other — the  peripheries  of  such  wheels  are  provided 
with   teeth   which  consist  of   projections,  or  addenda  as  they 
are   called,   and   depressions   or    spaces    to    receive    the    ad- 
denda.    Thus,    suppose     that     in    fig.     334    the   dotted    lines 
bat  and   d  a   e    represent   arcs    of    the   circumferences   of 
the  wheels  A  and  B,  fig.  333,  but  drawn  to  a  larger  scale,  and 
that  the  portions  which  are  shaded  in  black  represent  the  pro- 
jections, or  addenda,  and  that  the  spaces  between  the  dotted  arcs 
and  the  parts  which  are  cross-lined  represent  the  depressions 
in   the  wheels,  it  is  obvious  that  with  such  wheels  neither  of 
them  can  turn  without  turning  the  other,  unless  some  of  the 
projections  or  teeth  are  broken  off.     It  will  be  noticed  that  the 
spaces  between  the  teeth  are  considerably  wider  than  the  teeth 
themselves.     The  latter  are  therefore  comparatively  weak,  and 
could  be  easily  broken.     The  reason  why  teeth  of  the  form 
represented  in  the  figure  must  be  made  narrow  is  in  order  to  be 
able  to  clear  each  other  as  the  wheels  revolve.     Thus,  suppos- 
ing that  the  wheel  A  is  driving  B  in  the  direction  represented 
by  the  darts,  it  will  be  seen  that  the  tooth  2  is  in  contact  with  2' 
at  /,  and  that  there  is  then  just  barely  enough  room  for  the 
tooth  3  to  clear  3'  at  g,  and  for  4  to  clear  4'.     Consequently, 
when  teeth  are  made  of  the  shape  represented,  the  spaces  must 
be  considerably  wider    than   the   teeth   themselves.     Another 
difficulty  with  this  form  of  tooth  will  be  seen  if  we  suppose  that 
A  is  held  fast  in  the  position  in  which  it  is  represented  in  fig. 
334.     B  could  then  be  moved  in  the  direction  of  the  dart  until 
its  teeth  occupied  the  positions  shown  by  the  dotted  lines  with- 
out affecting  A.     In  other  words,  there  might  be  what  is  called 
"  lost   motion"  or  "  back-lash"    between   the  wheels,  and  it 
would  not  be  certain  that  the  one  wheel  would  drive  the  other 
at  a  uniform  speed.     If,  however,  the  faces  of  the   teeth,  in- 
stead of  being  made  straight,  as  shown  in  fig.  334,  were  curved, 
as    in   fig.    335,   it  will  be  seen  that  they  can  then   be  made 
thicker,  and  are  consequently  stronger  than  ihey  would  be  if  made 
of  the  form  shown  in  fig.  334.     It  will  also  be  plain  that  there 
is  very  little  or  no  lost  motion  or  back-lash  between  such  teeth, 
and  that  three  of  the  teeth  on  each  wheel  are  in  contact  with 
three  corresponding  teeth  on  the  other  wheel  at  the  same  time, 
which  adds  to  the  steadiness  of  motion  of  the  two  wheels,  and 
increases  their  durability.     It  is  also  very  important  that  the 
relative  velocities  of  the  two  wheels  should  be  uniform,  and  that 
the  transmission  of  the  force  from  one  to  the  other  should  be 
smooth  and  free  from  shocks  or  blows,  and  that  the  sliding  of 
the  teeth  should  cause  as  little  loss  from  friction  as  possible.* 

Tip 


--?-^^°yv 


Fig.  336. 


For  this  reason  the  form  of  the  teeth  should  be  such  that  the 
wheels  will  work  together  in  precisely  the  same  manner  as  if 
they  were  impelled  merely  by  the  friction  of  the  surfaces  of 
cylinders,  or,  in  the  case  of  bevel  wheels,  cones  in  contact. 
The  attainment  of  these  objects  depends  chiefly  upon  the  form 
and  proportions  of  the  teeth. 

*  "  Mechanical  Drawing,"  by  William  H.  Thorne. 
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In  designing  spur  wheels  which  gear  into  each  other,  it  is  always 
imagined  that  there  are  what  may  be  called  two  primitive  cylin- 
ders of  a  given  diameter  which  are  in  contact  with  each  other. 
Thus  in  fig.  333  the  two  large  circles  represent  the  peripheries  of 
the  cylinders,  and  in  figs.  334  and  335  portions  of  these  circles  are 
represented  by  dotted  arcs.  These  circles  are  called  ihe  pitch 
circles.     ThepifcA  of  the  teeth  is  their  distance  apart,  measured 

PINION  a       %'^     ^  WH 

O         \ 


bottoms  of  the  spaces  between  them.  It  will  also  be  seen  that 
the  thickness  of  the  teeth  is  less  than  the  width  of  the  spaces. 
They  are  made  in  this  way  when  teeth  are  cast  and  used  with- 
out finishing  ;  on  account  of  the  irregularities  of  the  teeth,  there 
will  thus  be  room  enough  for  them  in  the  spaces.  The  thick- 
ness of  the  teeth  which  are  cut  by  a  machine  and  the  width  of 
the  spaces  between  them  may  be  made  the  same  or  nearly  so. 
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Fig   338. 


from  center  to  center  on  the  pitch  circles,  and  is  equal  to  the 
thickness  of  a  tooth  plus  the  space  between  adjoining  teeth. 
Thus  in  fig.  336  the  distance  F  from  a  10  l>  indicates  the  pitch, 
which  is  divided  into  sixteen  equal  parts. 

From  the  same  fig.  it  will  be  seen  that  the  outside  end  of  a 
tooth  is  named  its  tip,  its  base  is  called  ihe  rooi  y  the  surface 
outside  of  the  pitch  circle  which  comes  in  contact  with  the  teeth 
of  the  adjoining  wheel  is  the  /ace,  and  that  part  within  the 
pitch  circle  is  the  ^ani.  The  circle  which  defines  the  outside 
limits  of  the  teeth  or  addenda  is  called  the  addendum  circle, 
and  its  diameter  is  the  outside  diameter.  The  diameter  of  the 
pitch  circle  is  \hc  pitch  diameter.  The  circle  which  defines  the 
limits  of  the  roots  of  the  teeth  is  the  r«ot-circle,  and  its  diameter 
is  called  the  inside  diameter. 

In  designing  gear  wheels,  different  engineers  have  adopted 
different  proportions  for  their  teeth.  Unfortunately,  there  has 
been  no  agreement  among  them  with  reference  thereto  ;  and 
the  learner  will  find  that  nearly  every  writer  on  the  subject  has 
adopted  proportions  different  from  his  predecessors.  The  fol- 
lowing are  taken  from  Richard's  "  Manual  of  Machine  Con- 
struction for  Engineers,"  and  are,  perhaps,  simpler  than  those 
of  any  other  system,  and  probably  equally  as  good  as  some 
which  have  only  abstruse  mathematical  formulae  and  Greek 
notation  to  recommend  them.  These  proportions  will  be  un- 
derstood by  referring  to  fig.  336,  in  which  the  ^ame  letters  that 
are  employed  in  the  table  are  used  to  designate  the  same  parts  : 

PROPORTIONS  FOR  THE  TEETH  OF  GEAR  WHEELS. 

P  =  Pitch  which  is  divided  Into  16  parts. 

T  =  Thickness  of  tooth  measured  on  pitch  circle  =  7  parts. 

S  =  Space  between  teeth  measured  on  pitch  circle  —  9  parts. 

d  =  Depth  from  pitch  circle  to  tip  of  tooth  =  5  parts. 

D  =  Depth  from  pitch  circle  to  base  of  tooth  =  7  parts. 

£>-{■  d  =  Whole  depth  of  tooth  =  12  parts. 

A'  =  Thickness  of  rim  and  arms  of  wheel  —  8  parts. 

L  =  Length  of  tooth  measured  parallel  to  axis  of  wheel  -=  3 
or  4  times  the  pitch  or  4  P. 

It  will  be  observed  that  the  depth  of  the  teeth  outside  of  the 
pitch  circle  is  made  less  than  that  inside  of  this  circle.  The  ob- 
ject of  this  is  to  prevent  the  tips  of  the  teeth  from  touching  the 


The  form  of  the  teeth  of  wheels  should  fulfill  the  following 
conditions  :  r.  It  should  be  such  that  the  linear  velocity  of  the 
driven  wheel  at  its  pitch  circle  will  be  the  same  as  that  of  the 
driving-wheel  — that  is,  that  there  should  be  no  shocks  or  irregu- 
larities in  the  relative  speeds  of  the  two  wheels.  2.  The  friction 
of  the  teeth  should  be  reduced  to  a  minimum.  3.  They  should 
have  the  maximum  strength,  and  to  this  end  the  strains  trans- 
milted  from  one  wheel  to  the  other  should  be  distributed  over 
as  large  a  number  of  teeth  as  possible — that  is,  when  they  en- 
gage with  each  other,  they  should  remain  in  contact  or  "  have 
a  bearing"  until  they  are  disengaged.  It  will  be  shown  that 
these  conditions  will  be  fulfilled  if  their  outlines  are  formed  of 
cycloidal  or  involute  curves,  the  reasons  for  which  will  now  be 
explained. 

CYCLOIDAT.  GEAR  TEETH. 

Let  D  and  6.  fig.  337,  be  the  centers  of  a  wheel  and  pinion,  and 
D  P  and  l>  Pbc  radii.  With  Z>  and  i  as  centers  with  these  radii, 
describe  arcs  A  P  C  and  a  P  c  oi  pitch  circles,  which  will  be 
tangent  to  each  other  at  P,  and  unite  the  centers  D  and  b  by  a. 
straight  line,  D  P  b.  From  P  the  tangent  point  of  the  pilch 
circles,  lay  off  on  each  side  distances  P  d  and  P  d'  =  /,{  of  the 
pitch,  and  P  e  and  P  e  =  J^  of  the  pitch.  Then  draw  arcs  of 
circles  E  d'  G.  e  d  g  II  e  I,  and  h  e  i  through  the  points  thus 
laid  down.  These  arcs  will  define  the  limits  of  the  tips  and 
roots  of  the  teeth. 

From  a  center,  /,  on  the  line  D  P  b,  and  with  a  radius  equal 
to  one-half  b  P  that  of  the  pinion  A,  describe  what  is  called  a 
generating  circle,  L  P  M  N.  Let  it  now  be  imagined  that  the 
center  D  of  the  wheel,  b  of  the  pinion  and  y  of  the  generating 
circle  are  all  fixed,  and  that  the  wheel,  pinion  and  generating 
circle  all  turn  in  the  direction  indicated  by  the  darts  without 
slipping  on  each  other  at  their  common  tangent  point  P.  Let 
it  further  be  supposed  that  a  tracing  point  is  attached  to  the 
generating  circle  at  P,  and  that  as  the  wheel,  pinion  and  circle 
revolve,  that  this  point  describes  an  internal  or  hypocycloidal 
curve/  q  on  the  surface  of  the  wheel  and  an  epicloidal  curve, 
/  r,  on  the  surface  of  the  pinion.*     Then  as  these  curves  are 

*  The  method  of  drawing  these  curves  was  described  iu  Chapter  XI.  see 
Problems  93  and  93. 
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traced  simultaneously  by  the  same  point  on  both  the  wheel  and 
pinion,  the  two  curves  will  touch  or  be  tangent  to  each  other 
at  every  position  in  the  path  of  the  point. 

Next,  take  a  center,  K,  on  the  line  b  P  D,  and  with  a  radius 
equal  \o}(ib  P  describe  another  generating  circle,  O  b  Q  P, 


drawn,  their  form  must  be  produced  by  the  angular  movemeni 
of  the  tracing  point,  which  is  equal  to  that  of  the  two  pitch  cir- 
cles. Consequently,  the  motion  which  is  transmitted  from  the 
pinion  to  the  wheel,  or  vice  versd,  will  have  the  same  velocity  as 
that  of  the  tracing  point  and  pitch  circles.    Therefore  the  linear 


tangent  to  the  pitch  circles  at  P.  Suppose,  as  before,  that  a 
tracing  point  is  attached  to  this  generating  circle  at  P  and  that 
the  two  pitch  circles  and  O  b  Q  P  are  in  contact  ai  P,  and  all 
turn  in  the  reverse  direction  to  that  indicated  by  the  darts  with- 
out slipping,  and  that  the  tracing  point  marks  a  curve,  P  f,  on 
the  surface  of  the  wheel  and  a  line,  /'  e  ,  on  the  pinion.  Then, 
as  P  f  and  P  e  have  also  been  drawn  simultaneously  by  the 
same  point,  they  must  touch  or  be  tangent  to  each  other  at  every 
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position  in  the  path  of  the  point.  It  follows,  then,  that  if  the 
curve  /  P  q  forms  the  outline  of  a  tooth  on  the  wheel,  and  r  P  e' 
that  of  a  tooth  of  the  pinion,  that  they  will  be  tangent  to  each 
other  in  every  position  in  which  these  outlines  are  in  contact 
while  the  wheel  and  pinion  revolve.  This  is  shown  in  fig.  338, 
in  which  i,  2,  3-14  and  i',  2',  3-14'  represent  successive  posi- 
tions of  the  curves  /  P  q  and  r  P  e  of  fig.  337.  It  will  be  seen 
ihat  they  are  tangent  to  each  other  in  every  one  of  these  posi- 
tions. 

Furthermore,  if  the  pitch  circles  and  generating  circles  roll  in 
contact  with  each  other  without  sliding  while   the  curves  are 


Fig-  340. 

velocity  of  the  pitch  circles  of  a  pair  of  gear-wheels  with  teeth 
of  this  form  will  be  the  same. 

The  method  of  drawing  epicycloids  and  hypocycloids  has 
been  described  in  Chapter  XII,  and  need  not  be  repeated  here. 
It  may  be  done  graphically  by  means  of  templates,  as  follows  : 
Having  the  diameters  o{  the  two  pitch  circles  and  that  of  the 
generating  circle,  cut  a  template,  E  F  P  G  H,  fig.  339,  whose 
radius  R  is  equal  to  that  of  the  pinion,  fig.  337.  Fasten  this  on 
a  smooth  board,  A  B  C  D.  Then  make  another  template.y  /  A', 
with  a  radius,  r,  equal  to  that  of  the  generating  circle.  Place 
these  in  contact  at/.  Then  roll  the  loose  template y/ A' on 
the  line  p  F,  and  place  a  tracing  point  in  contact  with  J p  K 
at/,  so  that  it  will  trace  a  curve,/  r,  on  the  board  below  ir. 
This  will  be  the  form  of  the  face  of  the  tooth  of  the  pinion. 
Find  the  radius  and  center  of  an  arc  which  approximates  close- 
ly to  this  curve,  and  mark  the  position  of  the  center  in  relation 
to  the  pitch  circle  F p  G,  and  transfer  it  to  the  drawing.  Then 
draw  a  circle  through  it  from  the  center  of  the  pinion,  and  the 
centers  of  the  curves  for  all  the  other  teeth  will  be  on  this  circle. 
Next  make  another  template,  E  LM  H,  whose  outline  L  p  M 
is  concave  and  is  drawn  with  a  radius,  R' ,  equal  to  that  of  the 
wheel.  Then  with  the  template y/ A' representing  the  gener- 
ating circle,  draw  the  curve/  q,  which  will  be  the  shape  of  the 
flank  of  a  tooth  of  the  wheel,  which  may  be  transferred  to  the 
drawing  by  the  method  described.  In  a  similar  way  the  curves 
for  the  faces  of  the  teeth  of  the  wheel  and  the  flanks  of  those  of 
the  pinion  may  also  be  drawn  by  making  concave  and  convex 
templates,  which  will  conform  to  the  lines  Fp  G  and  Lp  M 
respectively. 

In  drawing  cycloidal-shaped  teeth,  any  sized  generating  circle 
may  be  used.  It  will  be  found,  however,  in  drawing  hypo- 
cycloids,  that  if  the  diameter  of  the  generating  circle  is  equal  to 
the  radius  of  the  fundamental  or  pitch  circle,  as  is  the  case  with 
OP  Qb'xn  fig.  337,  that  the  curve /V  becomes  a  straight  line,  and 
coincides  with  a  radius  of  the  fundamental  circle.  It  has  been 
found  by  experience,  especially  in  small  gear  wheels,  that  if  the 
width  of  the  root  of  a  tooth  is  less  than  that  formed  by  two  radii 
tangent  to  the  curve  of  its  face,  that  the  tooth  is  unduly  weak- 
ened. Therefore  the  diameter  of  the  generating  circle  should 
not  be  less  than  the  radius  of  the  pinion.  The  teeth  of  wheels 
having  the  same  pitch,  which  are  intended  to  interchange  with 
each  other,  should  all  be  drawn  with  generating  circles  of  the 
same  diameter. 

INVOLUTE  TEETH, 

The  outlines  of  the  teeth  of  gear  wheels  may  also  be  made  of 
involute  form.  Such  teeth  Mr.  Unwin,  in  his  "  Elements  of 
Machine   Design,"  (new  edition)  says,  "  have  two  remarkable 
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properties.  All  involute  wheels  whose  teeth  have  the  same 
pitch  and  the  same  obliquity  of  the  line  of  contact  work  well 
together.  A  pair  of  Involute  wheels  may  be  drawn  a  liitle  far- 
ther apart  without  the  accuracy  of  action  of  the  teeth  being  im- 
paired, though  the  arc  of  contact  is  diminished.  Involute 
wheels  cannot  be  made  with  very  long  teeth,  because  then  the 
obliquity  of  the  line  of  contact  must  be  great.  Hence  the  cen- 
ters cannot  be  moved  much  farther  apart  than  their  normal 
distance  without  too  much  reducing  the  arc  of  contact.  But 
this  property  of  involute  wheels  is  a  valuable  one,  as  it  neutral 
izes  the  injurious  effect  of  wear  of  the  supports  of  the 
wheels.  .  .  .  The  obliquity  of  action  is  ordinarily  alleged  as  a 
serious  objection  to  involute  wheels.  Its  importance  has  per- 
haps been  overrated." 

That  the  involute  form  fulfills  the  conditions  required  in  the 
action  of  the  teeth  of  gear  wheels  may  be  explained  by  refer- 
ence to  fig.  340.  in  which  D  is  the  center  of  a  gear  wheel  and  b 
that  of  its  pinion.  A  P  C  \%  an  arc  of  the  pitch  circle  of  the 
wheel,  and  a  P  c  that  of  the  pinion,  the  diameters  being  8  in. 
and  4  in.  respectively.  Let  it  be  supposed  now  that  we  have 
two  wheels  of  which  R  S  T  and  r  s  t  are  arcs  of  their  circumfer- 
ences, and  that  their  diameters  are  somewhat  smaller  than  those 
of  the  pitch  circles,  but  bear  the  same  proportion  to  each  other. 
If  a  string,  or,  better,  an  elastic  steel  band,  is  wound  around 
r  J  /  in  the  direction  of  the  arrow,  and  passes  between  the  two 
wheels  from  "v  to  w,  and  is  then  wound  around  P  S  T,  also  in 
the  direction  of  the  arrow,  it  is  obvious  that  if  the  wheel  is  made 
to  revolve  in  the  direction  indicated,  that  if  the  band  does  not 
slip  it  will  cause  the  circumference  of  the  pinion  to  turn  with 
the  same  linear  velocity  as  the  circumference  of  the  wheel 
moves.  The  angular  velocity  would  also  be  the  same  as  t'^ough 
the  pitch  circles  were  in  contact  and  the  wheels  turned  without 
slipping.  From  P,  the  point  of  contact  of  the  pitch  lines,  lay 
ofi  P  d  and  P  d! ,  the  depth  of  the  teeth  outside  of  the  pitch  cir- 
cles, and  draw  arcs  E  d  G  and  e  d g  through  the  points  thus 
laid  down.  If  a  tracing  point  is  attached  to  the  band  at  7/,  and 
the  wheels  are  turned,  it  is  plain  that  in  moving  from  v  to  i 
the  point  will  trace  an  involute  curve,  //  i,  on  the  surface  of  the 
pinion,  and  at  the  same  time  a  similar  curve,  /  i,  will  be  traced 
on  the  surface  of  the  wheel.  As  these  curves  are  traced  simul- 
taneously by  the  same  point,  it  is  obvious  that  they  must  touch 
each  other  in  every  position  of  the  path  of  the  point  between  v 
and  i,  and  as  the  linear  velocity  of  the  band  is  the  same  as  that 
of  the  circumferences  of  the  wheels,  if  the  teeth  are  made  of  the 
form  of  these  curves  they  will  impart  a  uniform  linear  velocity 
from  the  periphery  of  one  wheel  to  that  of  the  other,  and  all  the 
teelh  between  v  and  i'  will  be  in  contact  at  the  same  time. 
Therefore,  tf  the  outlines  of  the  teeth  of  gear  wheels  are  made 
of  the  form  of  these  curves,  they  will  fulfill  the  requirements 
which  are  demanded  of  them. 

The  flanks  of  the  teeth,  especially  those  of  the  pinion,  or  that 
portion  of  the  flanks  within  the  base  circle,  may  be  made  of  radial 
form,  or,  in  other  words,  formed  of  part  of  a  radial  line  drawn 
through  the  center  b,  and  tangent  to  the  involute  curve  h  i.  In 
the  case  of  involute,  as  with  cycloidal  teeth,  the  exact  curve 
may  be  laid  down  for  one  tooth,  and  a  radius  and  center  of  an 
arc  of  a  circle  may  be  found  which  will  approximate  most  close- 
ly to  the  curve,  and  all  the  teeth  may  then  be  drawn  with  such 
arcs.  Practically  the  error  arising  from  the  use  of  these  arcs  is 
less  than  would  occur  in  attempting  to  make  cutters  to  cut  the 
teeth  of  absolutely  correct  shape,  except  by  means  of  a  machine 
which  would  automatically  generate  the  curves  and  form  the 
cutters  to  them.*  In  fig.  340  a  number  of  involute  curves  have 
been  drawn  to  show  that  they  are  tangent  to  each  other  in 
different  positions. 

(to  be  continued.) 


Gauges  for  the  Standard  Coupler. 


An  important  circular  has  been  issued  by  Secretary  J.  VV. 
Cloud,  of  the  Master  Car-Builders'  Association,  in  relation  to 
gauges  and  limits  for  the  M.  C.  B.  standard  coupler.  The  sub- 
stance of  this  circular  is  given  below  : 

In  fulfilling  the  duties  assigned  to  the  Executive  Committee 
by  the  Association  in  regard  to  gauges  and  limits  for  the  stand- 
ard contour  and  measurements  of  the  Master  Car-Builders' 
automatic  coupler,  when  new,  the  Committee  has  carefully  re- 
considered the  whole  question  since  the  discussion  on  its  report 
to  the  Convention  in  June,  and  in  view  of  this  discussion  and 
the  action  of  the  Convention  upon  its  report,  the  Committee 
believes  that  it  is  the  desire  uf  the  Association  to  have  it  act 
under  the  instructions  of  the  Convention  of  1890,  and  to  make 
arrangements  whereby  all  parties  interested  may  be  able  to  pro- 

*  Thome's  "  Mechanical  Drawing." 


cure  sets  of  gauges  so  that  all  sets  will  be  alike,  which  can  be 
used  to  determine  whether  any  and  all  new  couplers  of  this 
type  are  near  enough  to  the  standard  contour  established  by  the 
Association  to  insure  proper  coupling  with  one  another,  in  so 
far  as  it  can  be  insured  by  close  adherence  to  the  standard  con- 
tour, and  also  to  establish  limits  of  variation  for  such  of  the 
standard  rectilinear  measurements  of  the  coupler,  only,  as  will 
pro  note  the  interchangeability  of  couplers  in  place  upon  cars. 

The  Committee  therefore  announces  the  gauges  shown  in 
figs.  I  and  2  for  the  contour  line,  and  thickness  of  knuckle,  re- 
spectively, with  the  limits  of  variation  allowed  by  these  gauges, 
and  it  also  announces  the  limits  for  the  standard  rectilinear 
measurements,  as  given  in  the  table  with  fig.  3. 

The  gauge  for  new  couplers  shown  in  fig.  i  is  announced  in 
lieu  of  the  gauge  proposed  in  the  Committee's  report  to  the  As- 
sociation, because  it  provides  means  for  gauging  the  contour 
lines,  excepting  the  thickness  of  the  knuckle,  at  points  through- 
out the  whole  essential  extent  of  the  standard  form  of  contour, 
and  it  controls  the  variation  in  both  directions  from  the  stand- 
ard, whereas  the  gauge  proposed  in  the  report  was  only  a  mini- 
mum gauge  for  a  portion  of  the  standard  contour,  and  its  use 


DOTTED   LINE   IS  STANDARD  CONTOUR. 

would  involve  numerous  measurements  at  different  heights  for 
the  maximum  variation,  instead  of  gauging  for  both  limits. 
The  figures  shown  for  the  variation  allowed  with  this  gauge  on 
fig.  I  are  the  same  as  those  recommended  in  the  repoit  at  the 
same  points,  and  the  additional  point  on  the  back  of  the 
knuckle  is  allowed  to  vary  the  same  as  was  recommended  at 
the  guard  arm. 

The  gauge  for  new  knuckles,  shown  in  fig.  2,  is  announced 
as  a  proper  gauge  for  knuckles,  allowing  j\;  in.  variation  each 
way  from  the  standard  dimension  of  3  in.  instead  of  ^^  in.  one 
way  only,  as  recommended  in  the  report,  because  it  is  thought 
desirable  to  allow  more  than  ^'g  in.  variation,  on  account  partly 
of  the  necessary  taper  in  cast  knuckles. 

The  limits  shown  in  table  given  below,  which  belongs  with 
fig.  3.  are  announced  as  proper  limits  of  variation  for  the  stand- 
ard rectilinear  measurements,  which  are  the  same  as  the  limits 
recommended  in  the  report,  except  that  the  standard  distance 
A  of  2  in.  is  included  herein  with  an  allowable  variation  of  ^^  in. 
each  way.  and  the  cross-section  Z>is  allowed  to  vary  yV  in.  each 
way  from  the  standard  measurement  of  5  in.,  instead  of  only 
y\;  in.  one  way,  as  recommended  in  the  report.  The  Executive 
Committee  considers  it  inexpedient  to  announce  limits  of  varia- 
tion for  dimensions  which  are  not  standard,  but  which  ^rn 
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mentioned  in  the  report,  because  the  Convention  ordered  that 
a  committee  be  appointed  to  report  next  June  on  any  new 
standard  measurements  and  limits  which  may  be  desirable  in 
connection  with  the  coupler.  It  is  also  considered  undesirable 
to  provide  any  specific  measuring  instrument  for  the  limits  of 
rectilinear  measurement  given  in  table  with  fig.  3,  as  these  dis- 


Fig.  2. 

tances  may  be  measured  in  numerous  ways  by  whatever  means 
are  best  available. 

The  Executive  Committee  has  made  arrangements  with  the 
Pratt  &  Whitney  Company,  of  Hartford,  Conn.,  to  furnish 
gauges  as  shown  in  figs,  i  and  2.  so  that  every  set  furnished 
will  be  like  every  other  set,  and  proved  by  master-gauges  pro- 
vided and  held  by  the  Pratt  &  Whitney  Company  for  that  pur- 
pose, a  duplicate  set  of  which  master-gauges  will  be  filed  in 
h £       .         .4 
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Dimensions. 

Standard. 

Maximum. 

Minimum. 

A 
B 
C 
D 

3     in. 
30      " 

aij     " 
5  in  sq. 

2f'B  in. 
sol     " 

5t'.  " 

iJi  in. 
>9ii  " 

4 11" 

the  ofhce  of  the  Secretary  of  the  Association  for  use  in  settling 
any  questions  in  dispute  about  the  accuracy  of  gauges.  The 
frames  of  the  gauges  will  be  made  of  the  best  quality  of  gray 
iron,  with  plain  lettering,  as  shown  on  the  cuts,  and  the  gauging 
points  will  be  of  hardened  tool  steel. 

The  price  of  the  gauges  will  be  $35  per  set  at  Hartford,  pro- 
viding that  as  many  as  50  sets  are  ordered  in  advance,  but  if 
the  number  of  sets  ordered  will  enable  them  to  make  100  sets 
in  the  first  lot  the  price  will  be  10  per  cent,  less,  or  $31.50  per 
set. 

Parties  who  wish  to  procure  sets  of  these  gauges  should 
therefore  place  orders  with  the  Pratt  &  Whitney  Company  at 
an  early  date,  and  if  they  prefer  to  do  so,  they  can  make  the 
order  conditional  on  the  price  not  exceeding  $35  per  set,  in 
which  case  the  necessary  fixtures,  tools,  etc.,  for  making  these 
gauges  properly  will  not  be  prepared  by  the  Pratt  &  Whitney 
Company  until  they  have  orders  for  50  sets  in  hand. 


Manufactures. 


Baltimore  Notes. 


The  Baltimore  &  Ohio  Company  has  recently  received  three 
passenger  locomotives  from  the  Baldwin  Locomotive  Works  ; 
they  have  20  X  24-in.  cylinders  and  78-in.  driving  wheels.  The 
company  has  recently  ordered  100  Eastman  heater  cars  from 
the  South  Baltimore  Car  Works  and  50  Wickes  refrigerator  cars 
from  the  Wells  &  French  Company,  of  Chicago. 

A  SERIES  of  tests  of  freight  trains  with  a  dynamometer  car  is 


to  be  made  on  the  Baltimore  &  Ohio,  under  charge  of  Mr. 
L   S.  Randolph,  Engineer  of  Tests. 

The  new  shops  and  freight  yard  of  the  Baltimore  &  Ohio  at 
Brunswick,  on  the  main  line,  are  to  be  lighted  with  electric  lights. 

The  new  rail  mill  of  the  Pennsylvania  Steel  Company  at 
Sparrow's  Point,  Baltimore,  was  started  up  for  the 
first  time  recently,  and  is  now  running  steadily. 

The  Philadelphia  Division  of  the  Baltimore  &  Ohio 
is  to  be  entirely  relaid  with  85-lb.  rails.  Those  now  in 
the  track  are  67-lb.  rails.  The  Metropolitan  Branch 
of  the  same  road  is  to  be  provided  with  block  signals 
throughout. 

Contracts  for  building  the  new  North  Avenue  Elec- 
tric Railroad  have  been  made  with  Messrs.  E.  B.  Smith 
&  Company,  the  builders  of  the  Baltimore  Traction 
Cable  Line.  The  rails  are  now  being  delivered,  and 
work  will  be  begun  at  once  on  the  construction  of  the 
road,  and  it  will  be  pushed  to  an  early  completion. 
The  line  will  extend  from  North  Avenue  at  York 
Road  to  McCullough  Street,  Guilford  Avenue,  North 
Lexington,  Charles  and  Fayette  Streets. 


The  Two-Coil  Baker  Heater. 


The  accompanying  illustration  shows  the  latest  improvement 
made  in  the  Baker  heater  by  the  use  of  two  generator  coils  in- 
stead of  one.  The  additional  coil  takes  the  place  of  the  cast-iron 
lining  of  the  fire-chamber,  and  thus  utilizes  some  of  the  heat 
heretofore  lost.     At  the  same  time  the  circulation  is  improved. 

The  water  is  fed  to  the  heater  in  the  usual  manner,  both  cir- 
cuits being  supplied  at  the  same  time.  Small  holes  in  bottom 
and  top  of  the  partition  or  stay,  cast  crosswise  in  center  of 
drum,  allow  the  equalization  of  both  the  water  and  the  pressure. 
The  fire  grate  is  the  same  as  in  the  Baker  perfected  heater,  but 
the  grate  surface  is  extended  by  openings  in  the  rim  of  the  ash- 
pit, as  shown. 

With  these  two  coils  it  is  claimed  that  the  coal  will  kindle  as 
readily,  burn  as  freely,  last  as  long,  and  leave  as  few  clinkers 


THE  TWO-COIL  BAKER  HEATER. 

as  with  any  other  heater.  These  are  important  points,  and 
their  absence  has  caused  the  failure  of  previous  attempts  to  use 
two  coils  in  one  fire. 

It  is  also  claimed  that  this  new  circulation  system  has  even 
more  than  double  the  heating  power  of  the  single  circuit,  for  the 
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reason  that  each  of  the  two  short  circuits  returns  to  the  fire  (their 
source  of  heat)  twice  as  often  as  the  one  long  circuit,  and  one 
of  the  circuits  has  no  cross-over  pocket  to  contend  with. 

The  outside,  the  larger  of  the  two  coils,  is  46  ft.  3  in.  in 
length,  gradually  increasing  from  i^  in.  (the  usual  sized  pipe 
of  Baker  heater  coils)  at  the  bottom,  to  2  in.  at  the  top  end,  at 
which  point  it  turns  upward  to  the  circulating  drum.  The  inner 
coil  is  16  ft.  long,  and  of  the  same  proportions.  The  two  coils 
are  equivalent  to  75  ft.  of  iX-in.  pipe. 

The  outer  steel  casing  and  other  fittings  are  the  same  as  are 
used  in  the  latest  improved  forms  of  this  heater. 


Plate  Scarfing  or  Planing  Machine. 

The  accompanying  illustration  shows  a  duplex  planing 
machine  built  for  the  special  purpose  of  scarfing  plates  used  in 
the  construction  of  iron  and  steel  ships.  The  machine  in  ques- 
tion was  built  originally  for  the  Newport  News  Shipbuilding 
Company,  which  needed  a  machine  for  scarfing  the  ends  of 


The  boat  is  120  ft.  long,  24  ft.  beam,  3  ft  depth  of  hold,  and 
will  draw  only  10  in.  of  water. 

The  Serv6  ribbed  boiler  tubes,  to  which  reference  has  hereto- 
fore been  made,  are  to  be  tried  in  locomotive  service,  the 
Southern  Pacific,  the  Mexican  Central,  and  the  Grand  Trunk 
having  ordered  experimental  sets  of  these  tubes. 

The  Bak'^r  Heater  Company,  of  New  York,  has  just  shipped 
six  of  the  latest  improved  Baker  car  heaters,  fitted  in  cars 
built  by  the  Gilbert  Car  Manufacturing  Company,  for  the 
Southeastern  Railway  of  England.  There  is  no  doubt  that  the 
Baker  heater  will  be  found  a  great  improvement  over  the  heat- 
ing systems  now  in  use  in  that  country. 

The  Chicago,  Burlington  &,  Quincy  Railroad  Company  has 
just  let  a  contract  for  30  new  passenger  cars,  which  are  to  have 
all  the  latest  improvements.  They  will  be  53  ft.  long  over  all, 
and  will  have  four-wheel  trucks  ;  the  wheels  will  be  of  east 
iron  made  in  contracting  chills.  "  The  inside  finish  is  to  be 
in  mahogany,  and  the  cars  will  be  first  class  and  elegant  in 


PLATE   SCARFING  OR  PLANING  MACHINE. 


plates  used  about  the  stern-posts  and  bows  of  ships,  the  idea 
being  to  accomplish  this  work  by  combining  two  of  the  ma- 
chines and  connecting  them  by  a  platen  so  arranged  as  to  be 
adjustable  to  any  desired  taper. 

The  machine  is  really  a  modification  of  the  Richards  patent 
side-planing  machine  arranged  with  right  and  left-hand  tool 
supports  or  arms  moving  over  the  work,  which  may  be  fastened 
in  the  usual  way  to  the  slotted  center-plate  or  table,  connecting 
the  right  or  left-hand  beds.  Each  traveling  head  is  driven  in- 
dependently by  a  separate  countershaft,  and  wide  plates  or 
frames  may  be  planed  or  spotted  o£f,  using  one  or  both  beads 
on  hand  or  short  stroke  at  will.  The  work,  whatever  its  size, 
shape,  or  weight,  remains  at  rest. 

In  the  machine  shown  in  the  illustration  the  table  is  made  to 
swivel  or  to  set  at  certain  angles  by  means  of  the  screw  or  hand- 
wheel  in  front,  and  is  so  adjusted  for  the  purpose  of  scarfing 
ship  plates,  but  it  may  be  adapted  for  other  work  of  this  class, 
changes  in  detail  being  made  as  desired.  In  the  machine  shown 
the  stroke  is  25  X  60  in.,  and  has  quick  return.  Furnished 
complete,  with  two  countershafts,  it  weighs  15,800  lbs.  The 
feet  are  planed  on  the  bottom  and  bolted  to  two  heavy  cast  iron 
I-beams  set  on  foundations.  The  operator  stands  in  front  be- 
tween the  posts  where  both  plate  shafters  and  all  the  hand 
wheels  are  easily  reached. 

This  machine  has  proved  exceedingly  efficient  in  use.  It  is 
built  by  the  well-known  firm  of  Pedrick  &  Ayer,  in  Philadel- 
phia. 

General  Notes. 


The  firm  of  James  Reese  &  Son  in   Pittsburgh  is  building  a 
Steel  steamboat  for  the  Magdaleaa  Rirer  in  South  America. 


every  respect.  They  will  have  the  Scarritt-Forney  high-back 
seat,  with  the  Forney  alcove  under  the  windows.  The  contract 
has  been  taken  by  the  St.  Charles  Car  Company,  St.  Charles, 
Mo.,  and  the  cars  are  to  be  delivered  dw'ing  the  coming  eight 
months. 

The  Centralia  &  Chester  Railroad  Company  has  ordered 
from  the  St.  Charles  Car  Campany  a  complete  train,  consisting 
of  one  baggage,  mail  and  express,  one  smoking,  and  one  first- 
class  passenger  car.  The  latter  will  be  a  very  handsome  car, 
having  inside  mahogany  finish,  ladies'  toilet  and  wash  room, 
gentlemen's  toilet  room,  and  other  complete  fittings,  including 
Baker  improved  heater.  It  will  have  the  Scarritt-Forney  high- 
back  seats.  This  company  is  building  a  short  road,  but  is  mak- 
ing it  a  very  solid  and  substantial  line,  as  is  shown  by  the  char- 
acter of  the  train  mentioned.  The  road-bed  will  be  good,  and 
the  locomotives  are  now  under  constructioa  at  the  Baldwin 
Works. 

The  Bucyrus  Steam  Shovel  &  Dredge  Company  recently  fur- 
nished a  quantity  of  dredging  machinery  for  the  works  in  the 
harbor  of  Montreal.  These  included  a  set  of  hoisting  engines, 
which  are  intended  to  exert  a  direct  pull  of  120,000  lbs.  upon  a 
steel  wire  rope  2}4  in.  in  diameter.  There  are  two  cylinders 
16  X  18  in.  with  link  motion  and  Allen-Richardson  balanced 
valves.  The  main  drum  is  loose  upon  the  shaft,  and  is  driven 
by  a  friction  clutch  at  each  end.  The  main  shaft  is  of  steel  12^^ 
in.  in  diameter.  The  engine  is  one  of  the  largest  hoisting  ea> 
gines  ever  built. 

The  new  plant  in  the  power  station  of  the  Federal  Street  & 
Pleasant  Valley  Electric  Street  Railroad  Company,  Allegheny, 
Pa.,  is  intended  to  gradually  replace  the  old  complex  system  of 
centralized  power  with  all  its  attendant  evils  of  coimtrr^ha^t 


476 


THE    RAILROAD    AND 


[October,  1891. 


ing,  clutches  and  belting.  The  engine  is  an  18  and  30  X  16 
Westinghouse  compound,  whose  governor  was  recently  the  sub- 
ject of  interesting  experiment  on  rapidity  of  adjustment  with 
instantaneous  changes  of  load.  As  originally  intended,  the 
combination  consisted  of  a  single  22=  Watt-Edison  dynamo 
belted  direct  from  the  engine  ;  but  the  imposition  of  a  second 
dynamo  on  the  engine,  with  increased  steam  pressure  on  ac- 
count of  the  continued  trouble  with  the  other  system,  indicates 
the  success  of  the  change. 

The  Kisdon  Iron  Works,  San  Francisco,  Cal.,  has  recently 
completed  two  500-H.P.  triple  exp  insion  engines  for  the  San 
Francisco  &  San  Mateo  Electric  Railroad.  The  two  engines 
are  exactly  alike.  Each  has  cylinders  15,  24  and  38  in.  in 
diameter,  with  43-in.  stroke.  The  high-pressure  and  interme- 
diate cylinders  have  Corliss  valve  gear,  and  the  low-pressure  a 
slide  valve  and  Myers  cut-off.  There  is  a  jet  condenser  30  X  50 
in.,  and  an  independent  air  pump,  which  is  driven  by  a  com- 
p  )und  engine  with  cylinders  5  in.  and  10  in.  in  diameter,  and 
i6-in.  stroke. 

The  Schenectady  Locomotive  Works  have  an  order  for  four 
ID-wheel  compound  passenger  engines  for  the  Southern  Pacific 
Company.  These  engines  will  have  cylinders  20  and  2q  in.  in 
diameter  and  24  in.  stroke,  and  will  be  used  in  heavy  passenger 
service  between  San  Francisco  and  Sacramento. 

The  Carbon  Iron  Company  in  Pittsburgh  has  an  order  for 
some  3,000  tons  of  deck  and  hull  plates  for  new  ships  now 
being  built  at  the  Cramp  yards  in  Philadelphia,  Pa. 

The  contracts  lately  received  by  the  Pittsburgh  Bridge  Com- 
pany include  one  for  a  bridge  400  ft.  long,  in  seven  spans,  for 
the  Great  Northern  Railroad  Company  at  St.  Pdul,  Minn.;  a 
highway  bridge  of  250  ft.  span  at  Evansville,  Ind.,  and  a  high- 
way bridge  of  138  ft.  span  over  the  Antietam  Creek,  at  Aniie- 
tam,  Md. 

The  Lake  Shore  &  Michigan  Southern  Company  has  asked 
for  bids  for  50  hrstclass  passenger  cars,  10  combined  baggage 
and  passenger  cars,  1,000  box  cars,  500  coal  cars  and  300  flat 
cars.  This  is  one  of  the  heaviest  orders  of  the  season,  and  is 
an  indication  of  plenty  of  work  for  the  car-builders. 

The  Johnson  Railroad  Signal  Company  has  the  contract  for 
the  new  signal  system  on  the  New  York  Central  &  Hudson 
River  Railroad  from  the  Grand  Central  Station,  in  New  York, 
to  Molt  Haven.  This  will  require  some  intricate  and  difl!icult 
wofk.  The  Central  Company  has  also  given  orders  for  the  ex- 
tension of  the  block  system  on  the  Hudson  River  Division  from 
Croton  north.  There  will  be  17  new  towers  put  up,  coveting 
nearly  30  miles  of  road. 


Tests  of  Steel  Wheels. 


Some  tests  of  the  wheels  made  by  the  Amtrican  Steel  Wheel 
C  )mpany  have  shown  remarkable  results.  In  some  made  at 
the  works  in  South  Boston  a  33-in.  wheel  was  placed  on  two 
solid  iron  bocks,  rim  resting  on  each  block.  A  weight  of  525 
lbs.,  falling  17  ft.,  struck  the  hub  25  times  without  any  effect 
except  battering  the  metal.  It  was  then  dropped  10  times  on 
the  rim,  without  a  fracture.  Then  a  weipht  of  i  400  lbs.  was 
tried,  falling  17  ft.,  it  struck  the  wheel  11  times  but  failed  to 
break  it. 

At  another  exhibit,  in  order  to  test  the  expansion  and  con- 
traction of  the  metal,  a  wheel  was  buried  in  sand  and  a  char- 
coal fire  built  around  the  tread  until  it  was  brought  to  a  red 
heat  ;  then  it  was  taken  out  and  exposed  to  the  atmosphere, 
which  had  no  effect  on  it  whatever. 

The  metal  used  in  this  wheel  is  sound,  tough  and  homogene- 
ous throughout,  and  makes  a  very  supetior  Miller  draw-hook 
and  M.  C  B. 's  coupler. 


PERSONALS. 


Sylvester  T.  Smith  has  resigned  his  position  as  General 
Manager  of  the  Denver  &  Rio  Grande  Railroad. 

D.  L.  FusNER  has  been  appointed  Master  Mechanic  of  the 
Baltimore  &  Lehigh  Railroad,  vice  W.  J.  Kane,  resigned. 

George  M.  Adams  has  been  appointed  Railroad  Commis- 
sioner of  Kentucky  in  place  of  J.  T.  Hager,  who  has  resigned. 

Albert  Griggs  has  resigned  his  position  as  Superintendent 
of  Motive  Power  of  the  New  York  &  New  England  Railroad. 

Chief  Engineer  C.  H.  Baker.  U.  S.  N.,  has  been  trans- 
ferred from  the  New  York  Navy  Yard  to  duty  at  the  Norfolk 
Yard. 


James  Ritchie  has  been  appointed  Principal  Assistant  En- 
gineer of  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Rail- 
road. 

Theodore  Cooper,  Alphonse  Ftelkv  and  F.  P.  Stearns 
have  been  appointed  Consulting  Engineers  of  the  Boston  Rapid 
Transit  Commission. 

J.  M.  Graham  has  been  appointed  Superintendent  of  the 
Ohio  and  Midland  divisions  of  the  Baltimore  &  Ohio  Railroad, 
in  place  of  R.  Baxter,  resigned. 

F.  C.  Lewis,  formerly  with  the  Youngstown  Bridge  Com- 
pany, has  been  appointed  Chief  Engineer  of  the  Columbus 
Bridge  Company  at  Columbus,  O. 

R.  D.  Wade,  Superintendent  of  Motive  Power  of  the  Rich- 
mond &  Danville  Railroad  and  its  controlled  lines,  has  removed 
his  office  from  Washington  to  Atlanta,  Ga. 

W.  M.  Hughes  has  resigned  his  position  as  Engineer. of  Con- 
struction for  the  Columbian  Exhibition,  and  has  accepted  a  posi- 
tion with  the  Illinois  Steel  Company,  in  Chicago. 

O.  H.  P.  Sioop  has  been  appointed  Instructor  of  Civil  En- 
gineering at  the  Nebraska  State  University.  His  successor  as 
City  Engineer  of  Beatrice,  Neb.,  is  Frank  S.  Davies. 

C.  F.  Kerchner,  formerly  Superintendent  of  the  Baltimore 
&  Lehigh  Railroad,  has  been  appointed  Superintendent  of  the 
Monongahela  Coal  and  Coke  Company,  with  headquarters  at 
Fairmont,  W.  Va. 

George  C.  Smith,  formerly  Chief  Engineer  of  the  Chicago. 
Burlington  &  Quincy,  who  for  some  time  past  has  been  in  South 
America,  has  returned  from  that  country,  and  has  established 
an  office  in  Chicago. 

E.  S.  Marshall  has  resigned  his  position  as  General  Master 
Mechanic  of  the  St.  Louis  Southwestern  Railroad  system.  His 
successor  is  R.  M.  Galbrahii,  formerly  Master  Mechanic  of 
the  road  at  Tyler,  Tex. 

E.  M.  Humstone  has  been  appointed  General  Master  Me- 
chanic of  the  New  York  &  New  England  Railroad,  with  office 
at  Norwood,  Mass.  He  has  been  tor  some  time  Master  Me- 
chanic of  the  road  at  Hartford. 

Chief  Engineer  W.  W.  Duncan,  U.  S.  N.,  has  been  ordered 
to  duty  as  President  of  the  Naval  Experiment  Board  at  the  New 
York  Navy  Yard  Chief  Engineer  J.  L.  D.  Borthwick  has 
also  been  ordered  to  duty  as  a  member  of  the  Board. 

R.  J.  Gross  has  been  appointed  agent  to  represent  the  Loco- 
motive Department  of  the  Columbian  E.xhibition  in  Europe  to 
induce  foreign  locomotive  builders  to  exhibit.  He  has  been  for 
some  time  connected  with  the  Brooks  Locomotive  Works  at 
Dunkirk. 

Robert  Quayle  is  now  Master  Mechanic  of  the  Milwaukee, 
Lake  Shore  &  Western  Railroad,  succeeding  Mr.  John  Hickey, 
whose  appointment  to  the  Northern  Pacific  has  been  already 
announced.  Mr.  (Juayle  was  formerly  on  the  Chicago  &  North- 
western Road. 

Chief  E.ngineek  Lewis  W.  Robinson,  U.  S.  N.,  will  have 
charge  of  the  Machinery  Department  at  the  Columbian  Exhibi- 
tion. Mr.  Robinson  is  now  a  member  of  the  Naval  Examining 
Board  in  Philadelphia,  and  had  charge  of  the  machinery  during 
the  Centennial  in  that  city. 

Lieutenant  H.  H.  Barroll,  U.  S.  N..  has  been  detached 
from  duly  at  the  Branch  Hydrographic  Office  at  Norfolk,  Va., 
and  ordered  to  the  Petrel.  Lieutenant  Barroll  is  well  known 
to  readers  of  the  Journal  as  a  frequent  and  very  acceptable 
contributor  to  its  columns. 

J.  S.  B.  Thompson  has  been  appointed  Assistant  General 
Manager  of  the  Richmond  &  Danville  Railroad,  with  head- 
quarters in  Atlanta,  Ga.,  and  will  have  charge  of  the  distribu- 
tion of  Equipment.  T.  O.  Troy  succeeds  Mr.  Thompson  as 
Superintendent  of  the  Virginia  Midland  Division. 

W.  W.  Thompson  has  been  appointed  Master  Mechanic  of 
the  New  York  Central  &  Hudson  River  Railroad,  with  head- 
quarters in  New  York,  where  he  has  charge  of  all  running  loco- 
motives. Mr.  Thompson  has  been  for  several  years  past  Road 
Foreman  ot  Engines  on  the  Manhattan  Elevated  Railioad. 

The  candidates  for  State  Engineer  of  New  York,  as  nomi- 
nated by  the  party  conventions,  are  Martin  Schenck  (Demo- 
crat), of  Greenbush,  an  engineer  of  considerable  experience 
and  for  some  time  past  connected  with  the  State  Engineer's 
office,  and  Verplanck  Colvin  (Republican),  of  Albany,  who 
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was  connected  with  the  State  surveys  of  the  Adirondack  forest 
region. 

Judge  Thomas  M.  Cooley  has  tendered  his  resignation  as 
Chairman  and  as  a  member  of  the  Interstate  Commerce  Com- 
mission on  account  of  failing  health.  Previous  to  his  appoint- 
ment on  the  Commission  Judge  Cooley  had  a  high  reputation 
from  his  intimate  acquaintance  with  railroad  and  corporation 
law,  and  his  services  upon  the  bench,  and  he  has  fully  main- 
tained that  reputation  in  the  difficult  position  at  the  head  of  the 
Interstate  Commission.  His  retirement  will  be  a  loss  to  the 
public  service. 

Professor  N.  S.  Chaplin  has  been  chosen  Chancellor  of  the 
Washington  University  in  St.  Louis.  He  is  a  graduate  of  West 
Point,  and  in  1877  was  appointed  Professor  of  Civil  Engineer- 
ing in  the  Imperial  University  of  Japan,  which  position  he  re- 
tained for  five  years,  at  the  same  time  doing  considerable  ser- 
vice as  Consulting  Engineer  to  the  Ministry  of  Public  Works  in 
that  country.  In  1882  he  was  appointed  Engineer  of  Construc- 
tion of  the  New  York  &  New  England  Railroad,  and  had  charge 
of  the  building  of  the  second  track  between  Boston  and  Hart- 
ford. After  a  short  term  as  Professor  in  Maine  College,  he 
was  in  1885  appointed  Professor  of  Engineering  in  Harvard 
University,  which  position  he  has  since  held. 


OBITUARY. 


William  C.  Stroud  died  at  his  residence  at  Rosemont,  Pa., 
September  21.  He  was  a  member  of  the  firm  of  Burnham, 
Williams  &  Company,  owners  of  the  Baldwin  Locomotive 
Works,  and  for  a  number  of  years  had  had  charge  of  their 
financial  affairs,  acting  as  Treasurer  of  the  concern.  Mr. 
Stroud  was  highly  esteemed  by  his  associates,  and  his  death 
will  be  regretted  by  many  friends. 


PROCEEDINGS  OF    SOCIETIES. 


New  England  Roadmasters'  Association, — The  Ninth 
Annual  Convention  began  in  Boston,  August  19.  The  follow- 
ing officers  were  elected  for  the  ensuing  year  :  President.  F.  C. 
Clarke  ;  Vice-President,  C.  P,  Lindell  :  Secretary  and  Treas- 
urer, G.  L.  R.  French  ;  Chaplain,  E,  W.  Horner  ;  Executive 
Committee,  W.  E,  Clarke,  A.  C,  Stickney,  E.  K.  Post  and  F. 
Holbrook. 

Interesting  reports  were  presented  by  several  committees. 
The  report  on  Track  Joints  was  probably  the  most  important, 
and  upon  the  whole  recommended  the  anijle-bar  as  the  one  in 
general  use,  the  cheapest  and  most  easily  handled.  At  the 
same  time  the  Committee  admitted  its  imperfections,  esvecially 
under  heavy  traffic,  and  recommended  good  ballast,  care  in  fit- 
ting, and  attention  to  the  bolts  as  indispensable  for  the  proper 
maintenance  of  a  joint.  This  repoit  was  discussed  at  consider- 
able length,  the  general  feeling  being  in  favor  of  a  suspended 
joint,  while  the  suggestion  as  to  mainienance  was  generally  ap- 
proved. Some  members  complained  of  the  inferior  quality  of 
holts  furnished  and  others  of  the  lack  of  sufficient  labor  to  pay 
proper  attention  to  the  joints. 

The  Committee  on  Fences,  Cattle  Guards  and  Crossings 
recommended  the  use  of  high  board  fences  at  stations  and  in 
towns  and  large  villages.  They  recommended  a  surface  cattle 
guard  as  better  than  a  pit.  and  thought  the  best  one  was  made 
of  ^-in.  iron  strips  placed  on  edge  and  held  in  place  by  a  frame. 

The  Committee  on  Wear  of  Locomotive  Tires  believed  that 
the  limit  of  wear  should  be  }{  in  from  the  standard.  The  Com- 
mittee on  Best  Method  of  Securing  Rails  to  the  Ties  thought 
there  was  no  better  method  than  to  use  good  spikes.  Rail  braces 
were  not  recommended  except  on  sharp  curves,  and  tie-plates 
were  thought  advantageous  on  curves  and  with  soft  wood  ties. 

The  attendance  at  the  Convention  was  large,  and  there  was  a 
considerable  number  of  exhibits  of  track  material  and  appli- 
ances. 

Roadmasters'  Association  of  America. — The  Ninth  An- 
nual Convention,  'which  was  held  in  Minneapolis,  Minn.,  Sep- 
tember 8-10,  called  out  a  large  attendance,  120  members 
being  present.  There  were  42  new  members  added  to  the  As- 
sociation, and  the  Secretary  reported  489  members  on  the  rolls. 

At  the  meeting  reports  were  presented  by  the  Standing  Com- 
mittees. The  Committee  on  Standard  Frogs  recommended 
for  use  on  motion  track  a  spring-rail  frog  for  all  rails  60  lbs. 
and  over,  and  for  yard  use  a  rigid  frog  not  less  than  i  in  8. 
The  report  was  accompanied  by  papers  from  Messrs.  I.  Burnett 
and  W.  H.  Ellis. 

The  Committee  on  Track  Joints  reported  progress,  and  ap- 


pended statements  of  trials  made  of  the  Fisher,  the  McCon- 
way  &  Torley,  the  Long  and  the  Weber  joints.  They  also 
recommended  the  Heath  and  the  Continuous  joints  to  be  added 
to  the  list  of  those  on  trial. 

The  Committee  on  Track  Jacks  made  a  report  with  recom- 
mendations, but  declined  to  point  out  any  particular  jack  tor 
adoption. 

The  Committee  on  Track  Work  made  a  report  recommend- 
ing better  division  of  sections  and  of  the  force  employed,  and 
indicating  in  what  direction  work  should  be  applied. 

On  Tie  Preservation  the  Committee  gave  an  account  of  the 
diflferent  processes  used,  without  making  positive  recommenda- 
tions, but  urged  the  selection  of  the  best  kinds  of  timber  and 
greater  attention  to  the  time  of  cutting,  to  inspection  and  10 
seasoning  before  use.  They  also  mentioned  proper  drainage 
and  care  in  handling  as  means  of  prolonging  life  in  ties. 

The  Committee  on  Interlocking  Devices  recommended  the 
use  of  some  system  at  all  grade  crossings,  tunnel  and  draw- 
bridge approaches  and  yards,  and  described  the  different  sjs- 
tems  which  have  been  introduced. 

All  these  reports  were  discussed  at  considerable  length,  and 
some  valuable  accounts  of  experience  were  drawn  out  by  the 
discussions.  There  was  also  a  discussion  on  the  revision  of  the 
constitution,  and  the  subject  was  finally  referred  to  a  committee. 
It  was  decided  that  tte  next  meeting  should  be  held  partly  in 
Chattanooga  and  partly  in  Atlanta. 

The  following  officers  were  elected  for  the  ensuing  year  : 
President,  John  Doyle,  Detroit,  Lansing  k  Northern  Railroad  ; 
First  Vice-President,  W.  A.  Stearns,  Chicago  &  Northwestern  ; 
Second  Vice-President,  J.  B.  Moll,  Chicago,  Milwaukee  &  St. 
Paul  ;  Secretary  and  Treasurer,  J.  H.  K.  Burgwin,  Grand 
Rapids  &  Indiana  ;  Member  of  Executive  Committee,  O.  F. 
Jordan,  Michigan  Central. 

National  Electric  Light  Association. —The  Convention 
held  in  Montreal,  September  7-1 1,  was  a  very  successful  one, 
and  we  regret  that  space  prevents  us  from  giving  a  full  report. 
There  was  a  large  attendance  of  electrical  engineers  from  the 
United  States  and  Canada,  and  the  visitors  were  very  hand- 
somely entertained  by  the  local  Committee.  Among  the  very 
important  papers  and  discussions  were  those  on  Legislation,  on 
Underground  Currents,  on  Sate  Wiring,  on  Central  Stations, 
on  Arc  Light  Carbons  and  on  Rules  for  Wiring,  but  a  number 
of  other  subjects  were  brought  before  the  Convention. 

The  officers  for  the  ensuing  year  are  :  President,  C.  R. 
Huntley,  Buffalo,  N.  Y.  ;  First  Vice-President,  James  I.  Ayer, 
St.  Louis;  Second  Vice-President,  M.  J.  Francisco.  Rutland, 
Vt. ;  Secretary  and  Treasurer,  John  H.  Beane,  New  York. 

Association  of  State  Geologists. — One  of  the  results  of  the 
recent  meeting  of  geologists  in  Washington  was  a  resolution  to 
form  an  association  of  Government  and  State  geologists  for  the 
advancement  of  their  work.  The  objects  of  this  Association 
were  defined  as  fol'ows  : 

1.  The  determination  of  the  proper  objects  of  public  geologic 
work. 

2.  The  improvement  of  methods. 

3.  The  unification  of  methods. 

4.  The  establishment  of  the  proper  relative  spheres  and  func- 
tions of  National  and  State  surveys. 

5.  Co-operation  in  works  of  common  interest  and  the  pre- 
vention of  duplication  of  work. 

6.  The  elevation  of  the  standard  of  public  geologic  work  and 
the  sustenance  of  an  appreciation  of  its  value. 

7.  The  inauguration  of  surveys  by  States  not  having  such  at 
present  to  co-operate  with  the  other  State  surveys  and  with  the 
National  survey. 

A  committee  was  appointed,  with  Major  J,  W.  Powell,  of 
the  United  States  Geological  Survey  as  Chairman,  to  draw  up  a 
constitution,  which  is  to  be  submitted  to  a  meeting  to  be  held 
in  December  next. 

Master  Car  &  Locomotive  Painters*  Association.— The 
Twenty-Second  Annual  Convention  was  held  in  Washington, 
beginning  September  g,  with  a  good  attendance.  The  pro- 
gramme included  a  number  of  committee  reports,  and  also  ques- 
tions for  discussion,  and  it  was  generally  carried  out.  The  at- 
tendance at  the  meeting  was  large,  and  most  of  *he  reports  were 
fully  discussed. 

The  list  of  subjects,  with  the  committees  appointed  to  con- 
sider them,  was  as  follows  : 

I.  Is  there  a  chemically  pure  soap  that  can  be  safely  used  for 
the  purpose  of  cleaning  the  outside  varnished  surface  of  the  rail- 
road passenger-coach  while  in  service?  Stating  soap,  results 
and  method  of  cleaning.  William  O.  Quest,  Pittsburgh  &  Lake 
Erie,  Pittsburgh,  Pa.  ;    Thomas    Bryne,  Chesapeake   &  Ohio, 
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Richmond,  Va.  ;  J.  H.  Speer,  Western  Railroad  of  Alabama, 
Montgomery,  Ala. 

2.  As  a  quest  on  of  economy  and  durability,  should  rough- 
stuff  be  discarded  on  the  outside  surface  of  a  railroad  passenger- 
coach  ?  If  so,  what  materials  and  methods  of  application  will 
best  answer  the  requirements  of  this  class  of  work,  durability 
being  the  main  consideration  ?  W.  T.  Hogan,  Atchison, 
Topeka  &  Santa  Fe,  Topeka,  Kan.  ;  A.  R.  Given,  New  York, 
West  Shore  &  Buffalo,  Frankfort.  N.  Y.  ;  A.  J.  Bishop,  Cleve- 
land, Cincinnati,  Chicago  &  St.  Louis,  Delaware,  O. 

3.  According  to  the  practical  experience  and  ideas  of  railroad 
car  and  locomotive  painters,  can  a  new  locomotive  receive  a 
durable  finish  in  ten  days  ?  Stating  method  and  materials 
used.  A.  J.  Moriarty,  Baltimore  &  Ohio,  Newark.  O.  ;  A.  S. 
Coleman,  Intercolonial  Railroad  of  Canada,  Moncton,  N.  B.  ; 
J.  H.  Long,  Chicago,  Burlington  &  Quincy,  Aurora,  III. 

4.  *'  The  cleaning  of  varnished  surfaces  of  coaches,  locomo- 
tives and  other  outside  work  while  in  service,  material  used, 
modes  of  application,  etc." — Essay,  by  J.  K.  Lowry,  Chicago, 
Burlington  &  Northern,  La  Crosse,  Wis. 

5.  As  an  associated  body,  can  we  exert  an  influence  on  pur- 
chasing power  that  would  remedy,  where  necessary,  the  quality 
of  materials  furnished  ?— an  item  of  great  importance  when 
viewed  from  the  standpoint  that  the  best  procurable  is  the  most 
economical,  as  demonstrated  through  practical  experience  in 
the  railroad  paint-shop.  James  A.  Gohen,  Chesapeake  &  Ohio, 
Huntington,  W.  Va.  ;  Robert  McKeon,  New  York,  Lake  Erie 
&  Western.  Kent,  O.  ;  A.  T.  Schroeder,  Chicago,  Milwaukee  & 
St.  Paul,  Milwaukee,  Wis. 

6.  How  should  the  new  wood  head-lining  material  of  a  pas- 
senger-coach be  treated  to  prevent  the  finished  surface  from  be- 
coming destroyed,  from  decay  of  filler,  grain  raising,  etc.,  due 
to  the  interior  heat  and  moisture  of  a  passenger- coach  ?  J.  T. 
McCracken,  Delaware  Car  Works,  Wilmington,  Del.  ;  Edward 
Webb.  Laconia  Car  Works,  Laconia,  N.  H.  ;  Alexander  Camp- 
bell, Manhattan  Elevated,  New  York. 

7.  "  Are  railroad  companies  benefited  through  the  Associa- 
tion of  Master  Car  and  Locomotive  Painters?" — Essay  by 
Samuel  Brown,  Old  Colony,  Boston,  Mass. 

8.  Reports  of  committee  of  12  appointed  on  geographical  in- 
terchange of  test  panels,  painted  and  exposed  for  a  period  of  10 
months,  in  the  extreme  different  climatic  sections  of  the  coun- 
try. 

The  following  queries  were  also  submitted  for  general  discus- 
sion : 

1.  Would  it  be  advisable  to  form  a  Bureau  of  Information  in 
connection  with  our  Association  ? 

2.  Do  you  use  all  or  part  shellac  on  the  hard-wood  inside 
finish  of  your  passenger-cars  ? 

3.  How  do  you  prepare  your  stack  blacking  for  locomotives 
while  in  service  ? 

4.  What  materials  do  you  use,  and  how  long  do  you  take,  to 
paint  your  freight-cars  ? 

5.  As  an  item  of  shop  economy,  in  what  manner  can  you 
keep  your  paint  stock  and  brushes  in  the  most  serviceable 
state  ? 

6.  What  is  the  best  formula  for  preparing  floor  paint  for  pas- 
senger-cars ? 

7.  What  are  your  views  concerning  the  piece-work  system  for 
the  railway  paint-shop  ?       

American  Society  of  Civil  Engineers. — At  the  first  meet- 
ing of  the  season,  held  in  New  York,  September  2,  papers  on 
Concrete  Beams  Reinforced  by  Twisted  Iron  for  Floor  Con- 
struction, by  E.  L.  Barnes  ;  on  Longitudinal  versus  Cross  Ties 
for  Railroad  Tracks,  by  E.  E.  R.  Tratman  ;  and  on  Transverse 
Breaking  Strength  of  Plate  Glass,  by  G.  W.  Plympton,  were 
read  and  briefly  discussed.  Several  written  discussions  on 
papers  previously  presented  were  also  read. 

At  the  regular  meeting,  September  16,  a  paper  by  George 
Y.  Wisner,  on  the  Brazos  River  Improvement,  was  read  and 
discussed.  A  written  discussion  by  Mr.  Hutton,  on  Mr. 
Crowell's  paper  on  Flood  Protection  at  the  Ravine  du  Sud, 
Haiti,  was  read  and  replied  to  by  Mr.  Crowell. 


New  England  Railroad  Club. — The  first  fall  gathering  of 
this  Club  took  the  form  of  an  excursion  to  Crescent  Park, 
R.  I.,  with  a  clam-bake  and  ether  accompaniments.  The  ex- 
cursion was  over  the  Old  Colony  Road,  and  by  steamer  on  the 
Narragansett  Bay.  A  large  number  attended,  and  the  excur- 
sion was  much  enjoyed.        

Boston  Society  of  Civil  Engineers. — At  the  regular  meet- 
ing, September  16,  Edward  G.  Chamberlain,  of  Auburn,  Mass., 
was  elected  a  member. 

President  Stearns  read  a  paper  on  Selection  of  Sources  of 


Water  Supply,  which  was  discussed  by  members  present.  Mr. 
J.  R.  Freeman  described  and  exhibited  a  device  for  testing 
pressure  gauges. 

Engineers'  Club  of  Cincinnati. — At  the  regular  meeting, 
August  20,  one  new  member  was  elected. 

A  budget  of  short  papers  by  various  members,  on  the  follow- 
ing subjects,  was  read  :  i.  Traveling  Cranes  ;  2.  The  Width 
of  Roadway  in  City  Streets  ;  3.  Settlement  of  Embankments  ; 
4.  Remarks  on  Water  Feeding  of  Stationary  Boilers  ;  5.  Rail- 
road Spirals  ;  6.  Proposed  Classification  of  Engineers  ;  7.  State 
Inspection  of  Bridges. 

The  various  papers  excited  considerable  discussion,  and  the 
last  one  was  referred  to  the  Standing  Committee  on  that  sub- 
ject. 

Civil  Engpineers'  Club  of  Cleveland.— At  the  regular 
monthly  meeting,  July  14,  the  report  of  the  Club's  delegate  to 
the  General  Committee  of  Engineering  Societies,  Columbian 
Exposition,  as  printed  and  distributed,  was  taken  up,  and  after 
some  discussion  the  following  resolution  by  Mr.  J.  L.  CuUey 
was  unanimously  adopted  : 

"  Reselvtd,  that  this  Club  heartily  indorse  the  action  of  the 
General  Committee  of  Engineering  Societies,  Columbian  Ex- 
position, so  far  as  the  work  has  progressed,  and  that  we  are  in 
full  sympathy  with  the  work  as  set  forth  m  the  report  of  our 
representatives. " 

The  report  of  the  Picnic  Committee  was  presented  by  the 
Chairman,  Mr.  N.  P.  Bowler.  The  thanks  of  the  Club  were 
tendered  to  Mr.  A.  W.  Johnston,  Superintendent  of  the  New 
York,  Chicago  &  St.  Louis  Railroad,  for  his  courtesy  in  pro- 
viding free  transportation  facilities  to  the  Club  at  its  Annual 
Picnic  on  July  11. 

Mr.  James  Ritchie  read  a  paper  describing  a  design  for  a 
built  plate  girder  to  span  a  6o-ft.  storefront  and  carry  the  floors 
above  of  a  heavily  loaded  building.  The  depth  of  the  girder  is 
the  height  of  the  second  story,  and  it  has  openings  in  the  web 
so  that  ordinary  windows  are  not  interfered  with.  The 
main  difficulty  is  the  transmission  of  shear  on  account  of  the 
web  being  interrupted  by  the  window  openings.  This  is  over- 
come by  forming  the  bottom  flange  partly  of  a  42-in.  plate 
securely  riveted  at  the  pilasters  so  that  the  load  concentrated 
there  is  transmitted  through  the  rivets  and  the  42-in.  plate  as  if 
the  latter  were  the  full  depth  of  web. 

In  the  absence  of  Mr.  E.  H.  Jones,  the  Secretary  read  a  paper 
by  that  gentleman  on  the  recent  Providence  meeting  of  the 
American  Society  of  Mechanical  Engineers.  It  contained  many 
interesting  and  instructive  points  from  the  papers  read  at  that 
meeting. 

Mr.  C.  P.  Leland  read  a  carefully  prepared  and  highly  inter- 
esting report  upon  the  recent  picnic  of  the  Club. 

Northwest  Railroad  Club. — At  the  first  fall  meeting,  in  St. 
Paul.  September  15,  the  subjects  for  discussion  were  :  1,  Paint- 
ing Rolling  Slock,  with  a  paper  by  J,  O.  Pattee  ;  2.  Fuel 
Economy  and  its  Use,  by  P.  H.  Conradson.  Both  papers  were 
discussed  at  considerable  length. 

Western  Society  of  Engineers. — The  first  meeting  of  the 
Society  for  the  season,  on  September  2,  took  the  form  of  an  excur- 
sion in  which  about  150  members  joined.  The  day  was  devoted 
to  the  inspection  of  work  upon  the  Columbian  Exhibition  build- 
ings and  grounds,  a  visit  to  the  Pullman  Works,  the  inspection 
of  several  new  bridges  in  the  neighborhood  of  Chicago,  and  the 
new  system  of  intersecting  tracks  and  signals  at  Sixteenth 
Street. 

In  the  evening  a  business  session  was  held,  at  which  the  prin- 
cipal topic  was  the  selection  of  quarters  for  the  Society  for  the 
ensuing  year.  j_ 

Master  Mechanics'  Association. — A  circular  from  Secre- 
tary Sinclair  announces  the  subjects  for  the  next  convention 
and  the  committees  on  the  same  as  follows  : 

1.  Exhaust  Pipes,  Nozzles  and  Steam  Passages.  Committee  : 
C.  F.  Thomas,  A.  W.  Gibbs,  L.  S.  Randolph,  J.  M.  Wallis, 
George  W.  Smith,  Robert  Quayle  and  John  Y.  Smith. 

2.  Present  Status  of  the  Car  Coupler  Question.  Committee  : 
John  Hickey,  Godfrey  W.  Rhodes,  Sanford  Keeler,  R.  H. 
Blackall  and  M.  N.  Forney. 

3.  Standard  Tests  for  Locomotives.  To  investigate  the  prac- 
ticability of  establishing  a  standard  system  of  tests  to  demon- 
strate the  fuel  and  water  consumption  of  locomotives  ;  also  to 
ascertain  the  value  of  the  steam-engine  indicator  in  locomotive 
tests.  Committee :  J.  N.  Lauder,  J.  Davis  Barnett,  Albert 
Griggs,  John  D.  Campbell  and  F.  W.  Dean. 

4.  Compound  Locomotives.  To  investigate  the  relative  econo- 
my of  compound  and  simple  locomotives  ;  also  the  most  ralu- 
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able  form  of  compound  locomotive.  Committee  :  George  Gibbs, 
William  H.  Lewis,  Pulaski  Leeds,  James  Meehan.  T.  W.  Gen- 
try and  A.  T.  Woods.  Auxiliary  Committee  :  S.  M.  Vauclain, 
Baldwin  Locomotive  Works  ;  Reuben  Wells,  Rogers  Locomo- 
tive Works  ;  H.  N.  Sprague,  Porter  Locomotive  Works  ;  A  J. 
Pitkin,  Schenectady  Locomotive  Works  ;  Joseph  Lythgoe, 
Rhode  Island  LocomotiveWorks  ;  F.  J.  Leigh,  Canadian  Loco- 
motive Works,  and  D.  A.  Wightman,  Pittsburgh  Locomotive 
Works. 

5.  7'ests  of  Steel  and  Iron.  To  investigate  the  critical  tem- 
perature of  steel  and  iron  ;  also  any  other  questions  relating 
to  steel  and  iron  that  the  committee  mav  consider  of  value. 
Committee  :  William  Smith,  J.  N.  Barr,  A.  W.  Quackenbush, 
P.  H.  Peck  and  D.  L.  Barnes. 

6.  Uniform  Locomotive  Performance  Sheets.  To  report  on  the 
practicability  of  establishing  a  system  for  recording  the  per- 
formance of  locomotives  that  will  fairly  represent  the  work 
done.  Committee  :  George  F.  Wilson,  J.  S.  McCrum,  John 
Player,  James  McNaughton  and  John  A.  Hill. 

7.  Standard  Bolts  and  N^uts.  To  report  on  the  best  taper  for 
bolts,  and  the  proper  size  of  nuts,  rough  and  finished.  Also  to 
report  on  accurate  measuring  gauges.  Committee  :  William 
Swanston,  William  Garstang,  T.  W.  Gentry,  W.  Lavery,  A. 
Dolbeer  and  L.  R.  Pomeroy. 

8.  Boilers  for  High-Pressure  Locomotives.  Committee:  J.  M. 
Boon,  H.  D.  Gordon,  J.  S.  Graham,  J.  H.  McConnell  and 
W.  H.  Marshall. 

g.  Air  Brake  Standards  and  Inspection  and  Care  of  Air 
Brakes.  Committee  :  R.  C.  Blackall,  G.  W.  Stevens  and  David 
Clark. 

10.  Subjects  for  Investigation.  Committee  :  J.  Davis  Bar- 
nett,  George  Gibbs  and  WilUam  Smith. 

Master  Car  Builders'  Association. — A  circular  from  the 
Secretary,  John  W.  Cloud,  gives  the  result  of  the  letter  ballots 
ordered  at  the  last  Convention,  as  follows  : 

A.  The  proposed  standard  for  lettering  freight  cars  was  re- 
jected, failing  to  receive  a  two-thirds  vote,  although  it  had  a 
majority  of  all  the  votes  cast. 

B.  The  system  of  joint  inspection,  form  of  joint  inspection 
agreement,  and  rules  governing  joint  inspection  were  rejected, 
also  failing  to  receive  a  two-thirds  vote,  although  they  had  a 
majority. 

C.  The  form  of  report  of  defective  cars  was  rejected,  failing 
by  only  a  few  votes. 

D.  The  joint  inspection  defect  card  was  also  rejected. 

E.  In  the  air-brake  standards,  the  change  in  diameter  of  pins 
from  1-/4-  in.  to  13%  iti.  was  adopted,  receiving  530  votes  out  of 
566  votes  cast. 

F.  The  resolution  rescinding  the  adoption  of  the  Fletcher  lid 
as  a  standard  was  adopted  by  a  vote  of  417  to  149. 

G.  The  proposed  standard  journal-box,  bearing,  wedge  and 
lid  for  60,000  lb.  cars  was  adopted  by  a  vote  of  365  to  176. 

H.  The  proposed  lid  for  the  old  standard  journal-box  was 
adopted  by  a  vote  of  378  to  159. 


The  Executive  Committee  has  arranged  the  following  sub- 
jects, and  committees  to  report  upon  them  in  June,  1892  : 

I.  Joint  Inspection.  To  prepare  a  supplementary  set  of 
interpretations  and  illustrations  of  the  Rules  of  Interchange. 
A.  M.  Waitt,  H.  C.  McCarty.  F.  D.  Adams,  William  Gar- 
stang, Joseph  Townsend,  J.  T.  Chamberlain  and  D.  W. 
Hunter. 

2  Air  Brake  and  Signal  Instructions.  To  review  the  instruc- 
tions proposed  at  last  convention.  E.  W.  Grieves,  R.  D.  Wade 
and  J.  L.  Greats! nger, 

3.  Cast-Iron  Wheels.  To  investigate  what  improvements  are 
being  made  in  the  manufacture  of  wheels,  so  as  to  secure 
greater  uniformity  in  quality,  in  depth  of  chill  and  in  distribu- 
tion of  metal  for  proper  balance.  George  W.  West,  W.  H. 
Thomas  and  John  Player. 

4.  Freight  Cat  Truck  Frames.  To  report  upon  the  relative 
advantages  of  swinging  and  rigid  bolsters,  and  upon  the  Fox 
Pressed  Steel  Truck  as  compared  with  the  prevalent  forms  of 
freight  car  trucks.  G.  F.  Wilson,  W.  S.  Morris  and  W.  Z. 
Turrefif. 

5.  AI.  C.  B.  Automatic  Coupler  Standards  and  Limits.  To 
consider  the  standard  measurements,  and  whether  any  addi- 
tional or  other  measurements  are  desirable  as  standard,  and  to 
report  upon  proper  limits  of  variation  to  be  allowed  from  stand- 
ard measurements.  J.  S.  Lentz,  C.  A.  Schroyer  and  J.  M. 
Wallis. 

6.  Steam  Heating  and  Ventilatien  of  Passenger  Equipment 
Cars.  To  report  upon  the  general  progress  and  the  efficiency 
of  different  systems,  and  to  present  drawings  for  a  proposed 
standard  location  of  ends  of  train  pipe,  and  a  proposed  stand- 


ard connection  in  detail  for  a  union  between  the  hose  and  pipe, 
so  that  one  style  of  coupling  may  be  readily  removed  and  an- 
other substituted  in  its  place.  J.  N.  Barr,  J.  C.  Barber,  W.  H. 
Lewis,  T.  A.  Bissell  and  J.  W.  Marden. 

7.  Steel-Tired  Car  Wheels.  To  report  upon  relative  merits 
of  solid  cast  and  wrought  centers,  and  of  plate  centers  bolted 
to  hubs  and  tires.  R.  E.  Marshall,  J.  O.  Pattee  and  C.  H. 
Cory. 

8.  Wheel  Guarantee.  To  consider  the  communication  from 
the  Wheel  Manufacturers'  Association,  read  at  last  convention, 
and  to  report  with  recommendations.  J.  J.  Hennessey  and 
Thomas  Sutherland. 

9.  Steel  Plate  and  Malleable  Iron  in  Cat  Construction.  To 
recommend  a  standard  for  stake  pockets,  and  a  method  in  de- 
tail for  attaching  to  cars.  Also  to  recommend  standards  for 
center  plates,  in  detail,  showing  one  for  iron  transoms  and  one 
for  wooden  transoms.  Drawings  and  models  to  accompany 
the  report.  William  Forsyth,  John  Mackenzie  and  E.  D.  Bren- 
ner. 

10.  Statidards  of  the  Association.  To  consider  the  standards 
already  adopted  by  the  Association,  and  recommend  what 
measures  are  expedient  to  secure  their  general  adoption  and 
use.     R.  H.  Soule,  E.  Chamberlain  and  William  McWood. 

11.  Metal  for  Brake  Shoes.  G.  W.  Rhodes,  E.  B.  Wall  and 
George  Gibbs. 

NOTES   AND   NEWS. 


A  Gas-Fired  Boiler. — A  gas  fired  steam  boiler  has  been 
patented  by  J.  Jackson,  of  Liverpool,  England.  One  arrange- 
ment of  this  invention  consists  in  combining  a  gas  producer 
with  a  tube-filled  horizontal  cylindrical  vessel.  The  producer, 
which  is  fixed  at  one  end,  is  in  the  form  of  a  vertical  cylinder, 
and  has  a  similar  outer  shell,  the  intervening  space  between 
being  filled  with  water.  The  outer  shell  is  connected  with  the 
tube-filled  vessel  by  suitable  conduits  arranged  to  cause  the 
proper  circulation  throughout  the  structure.  The  gas  produced 
is  led  down  through  the  water  by  a  conduit  and  delivered  into  a 
combustion  chamber,  into  which  air  suitably  heated  by  passing 
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through  brickwork  channels  is  introduced.  The  accompanying 
illustrations  show  the  invention,  fig.  i  being  a  sectional  eleva- 
tion and  fig.  2  a  part  sectional  plan.  The  gas  producer  A  has 
an  outer  shell,  B,  and  conduit,  C,  leading  into  the  combustion 
chamber  D,  from  whence  the  gases  pass  through  the  tubes  E  of 
the  cylindrical  vessel.  Air  enters  by  passages  F.  G  G  are 
the  conduits  for  the  water,  and  ^  is  a  pipe  above  the  water- 
line.  Claims  :  The  combination,  in  a  horizontal  steam  geti- 
erator,  of  a  gas-producer  furnace  set  within  a  shell  and  sur- 
rounded by  water,  the  gas  produced  therein  being  conveyed  by 
suitable  conduits  from  the  producer  furnace  and  directly  burned 
by  air  suitably  introduced,  and  the  gases  of  combustion  passing 
over  surfaces  of  the  steam  generator  to  be  heated. — Industries. 

Coal  in  Belgium. — The  total  amount  of  coal  mined  in  Belgium 
last  year  was  20,565,960  tons,  an  increase  of  5  per  cent,  over 
the  preceding  year.  The  number  of  persons  employed  in  and 
about  the  mines  was  116,779.  The  amount  paid  for  wages 
averaiged  $1.20  per  ton  of  coal  mined,  and  was  about  45  per 


48o 


THE    RAILROAD    AND 


[October,  1891. 


cent,  uf  the  selling  price, 
for  several  years  past. 


The  price  of  coal  was  higher  than 


Designs  for  a  High  Level  Bridge.— The  ciiy  of  Lyons,  in 
France,  is  situated  in  a  narrow  valley,  through  the  center  of 
which  flows  the  liver  Saone.  On  either  side  is  a  high  hill  or 
bluff,  and  it  has  been  for  a  long  time  considered  desirable  to 
connect  these  hills  by  a  bridge,  but  the  width  and  depth  of  the 
valley  is  so  great  that  until  recently  it  has  been  impossible  to 
do  so.  At  the  point  where  the  bridge  could  be  most  con- 
veniently built  the  hills  are  about  1,700  ft.  apart  and  about 
300  ft.  in  height  above  the  river. 

Two  plans  have  been  submitted  for  this  bridge.  Fig.  i  shows 
a  bridge  or  viaduct  proposed  by  M.  Clavenad,  the  Director  of 
Public  Works  of  the  city  of  Lyons.  His  plan  provides  for  a 
viaduct  to  be  carried  on  five  iron  piers  and  on  a  central  arch 
composed  of  steel  girders  The  general  plan  is  based  on  that 
of  the  great  bridge  over  the  Douro  at  Lisbon.     On  this  plan  the 


higher  than  any  other  in  the  city,  the  highest  at  the  present  time 
being  the  one  at  the  Gottfried  Brewing  Company's  plant  at 
Archer  and  Stewart  avenues,  which  is  175  ft.  The  outside 
diameter  is  9  ft.  5  in.,  while  the  steel  varies  in  thickness  from 
-I'i  in.  at  the  top  to  |  in.  at  the  bottom.  The  lower  75  ft.  of  the 
chimney  is  lined  with  fire  brick  8  in.  deep,  formed  to  fit  the  shell 
compactly  all  around.  Above  this  it  is  lined  with  hollow  tile. 
This  lining  is  supported  at  intervals  of  25  ft.  by  angle  iron 
riveted  to  the  steel  shell  ;  in  other  words,  the  chimney  is  lined 
in  a  manner  similar  to  blast  furnaces  and  foundry  cupolas,  and 
no  expansion  by  heat  can  lessen  its  strength.  The  joints  are 
all  hot  riveted.  The  steel  shell  is  carefully  protected  from  cor- 
rosion and  from  any  attacks  by  the  weather  by  painting  inside 
and  out.  The  weight  of  the  chimney  is  spread  to  the  founda- 
tions in  the  same  general  way  as  that  of  the  columns  of  the 
building,  the  base  or  foundation  .on  which  it  rests  being  con- 
structed in  the  same  manner.  The  ground  is  first  covered  with 
a  layer  of  cement,  then  two  layers  of  steel  rails  in  cement  and 
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total  length  of  the  viaduct  would  be  1,850  ft.,  and  the  central 
arch  would  have  a  span  of  700  ft.  An  outline  of  this  plan  is 
shown  in  fig.  i,  which  is  taken  from  Le  Genie  Civil. 

The  second  plan,  which  is  shown  in  fig.  2,  is  submitted  by 
M.  Eiffel,  and  is  for  a  cantilever  bridge  supported  on  stone 
piers,  with  a  masonry  approach  at  each  end.  On  this  plan  the 
bridge  will  be  made  up  of  a  central  span  of  466  ft.  and  two 
lateral  spans  of  279  ft.  each,  forming  the  cantilever  part  of  the 
bridge  ;  two  bank  spans  of  207  ft.  each,  and  the  masonry  ap- 
proaches, one  of  which  would  be  164  ft.  and  the  other  295  ft. 
long.  This  would  make  the  total  length  of  the  structure  1,690 
ft.     This  plan  is  shown  in  fig.  2. 

Both  of  these  designs  are  under  consideration  ;  but  it  is 
thought  that  the  design  of  M.  Eiffel  is  most  likely  to  be  accepted. 

Oiling  Fixed  Studs. — A  writer  in  Industry,  published  in 
San  Francisco,  says  :  "  If  there  is  anything  ridiculous  in  com- 
mon practice,  it  is  an  oil-hole  drilled  through  the  hub  or  boss 
of  a  pulley  or  wheel  mounted  on  a  fixed  stud.    Just  how  a  bear- 
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-tng  of  this  kind  is  to  be  oiled  in  that  way  nobody  can  tell,  and 
why  the  oil-hole  is  not  made  in  the  stud  itself  would  be  a  diffi- 
cult problem. 

"  The  engraving,  fig  i,  shows  how  an  oil-way  should  be  made 
for  a  stud,  as  common  sense  will  suggest.  The  job  is  still  bet- 
ter if  there  is  a  groove  cut  in  the  bottom  of  the  stud  and  some 
packing  laid  in,  as  shown  at  C.  The  best  thing  is  a  strip  of  felt 
cut  from  the  sheet." 

Steel  Chimneys.— Steel  chimneys  are  being  erected  in  con- 
nection with  some  of  Chicago's  tall  buildings.  The  Fair  build- 
ing has  at  present  the  tallest  under  construction.  The  chim- 
ney, when  completed,  will  be  250  ft.  high,  being  considerably 


one  layer  of  I-beams,  on  which  the  cast-iron  shoe  which  takes 
the  shell  of  the  stack  rests.  The  capacity  of  the  chimney  is 
twelve  60  in.  boilers  20  ft.  in  length. 

This  is  the  first  time  this  material  has  been  used  in  the  con- 
struction of  the  chimneys  of  mercantile  buildings.  The  magni- 
tude of  the  building  and  the  necessity  of  economizing  in  space, 
the  foundations  for  the  columns  occupying  about  all  the  ground, 
led  the  architects  to  adopt  steel  as  the  material  for  this  pur- 
pose. Brick  has  been  used  almost  entirely  heretofore,  but  upon 
investigation  it  was  found  that  the  weight  of  a  brick  chimney  of 
this  size  would  be  almost  700  tons,  while  of  steel  construction 
it  would  weigh,  including  the  linings,  a  little  less  than  250. 
The  outside  diameter  of  the  present  chimney  is  9  ft.  5  in.,  while 
were  it  constructed  of  brick  it  would  be  16  ft.  6  in.,  thus  making 
a  great  saving  in  space.  Another  consideration  was  the  time 
consumed  in  construction.  A  brick  chimney  of  this  height, 
250  ft.  above  the  sidewalk,  should  not  be  built  faster  than  2^ 
ft.  a  day  on  account  of  the  settlement  and  the  setting  of  the 
mortar,  while  of  steel  it  can  be  erected  at  the  rate  of  20  ft.  a 
day.  Another  important  consideration  is  that  it  costs  only  about 
60  per  cent,  of  what  a  brick  chimney  would  cost.. — Iron  Age. 

Compensating  a  Grade. — The  track  of  the  Rainier  Avenue 
Electric  Railroad  has  been  completed  down  Washington  Street 
as  far  as  Third,  and  cars  are  now  regularly  running  to  Eighth. 
The  compensation  weights  for  taking  the  cars  up  the  steep  in- 
cline between  Fifth  and  Eighth  streets  are  in  place.  Upon  trial 
the  contrivance  has  worked  successfully,  and  cars  will  be  run- 
ning up  and  down  in  a  few  days. 

The  arrangement  is  a  very  ingenious  one.  The  regular  track 
is  standard  gauge  ;  inside  of  it  and  2  or  3  ft.  below  the  street 
level  is  a  second  track  of  2  ft.  gauge.  On  this  runs  a  truck 
loaded  with  lead  so  as  to  weigh  beween  5  and  6  tons.  This 
lower  track  is  covered  over,  and  nothing  of  it  is  seen  from  the 
street.  When  the  truck  is  at  the  bottom  of  the  hill  a  cable  to 
which  it  is  attached  runs  on  pulleys  to  the  top,  and  there  turns 
over  a  big  concealed  wheel  out  to  the  side  of  the  track. 

A  car  coining  down  the  hill  takes  the  end  of  the  cable,  and 
the  weight  of  the  descending  car,  together  with  the  electric 
power,  draws  the  heavy  truck  underneath  up  the  ibi[  per  cent, 
erade  to  the  top  of  the  hill.  When  the  car  returns  the  truck  is 
at  the  top  of  the  hill.  As  soon  as  the  car  is  attached  to  the 
end  of  the  cable,  then  at  the  bottom,  the  truck  is  released,  and 
its  weight  as  it  runs  down  draws  the  car  up.  The  cable  pulled 
out  at  the  top  of  the  hill  as  the  car  comes  down  runs  in  a  nar- 
row slot  just  inside  of  the  track  on  the  north  side  of  the  street. 
—Seattle,   Wash.,  Post- Intelligencer. 
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NEW  YORK,  NOVEMBER,  1891.     ' 

It  is  understood  that  reports  have  been  in  circulation 
that  the  Railroad  and  Engineering  Journal  has  been 
sold.  These  reports  are  untrue,  and  the  Journal  will 
continue  to  be  published  under  the  same  control  and  man- 
agement and  by  the  same  proprietor  as  heretofore.  The 
only  changes  to  be  made  are  in  the  direction  of  improve- 
ments which,  it  is  hoped,  will  increase  its  interest  and 
value  to  readers. 

On  another  page  will  be  found  the  first  part  of  an  article 
in  which  the  writer  has  endeavored  to  compare  the  Eng- 
lish and  American  locomotives  on  the  basis  to  which  any 
such  comparison  must  be  brought  at  last — the  amount  of 
work  they  are  doing  and  the  cost  at  which  that  work  is  done. 
The  manner  in  which  this  comparison  is  made  is  explained 
in  the  article  itself.  It  will  be  followed  up  by  a  careful 
analysis  of  the  performance  of  locomotives  here  and  on 
English  roads,  showing  the  differences  in  the  cost  of  loco- 
motive service  here  and  there,  •  A  large  amount  of  data 
has  been  collected  bearing  upon  these  points,  which  it  is 
thought  will  be  of  interest  to  both  American  and  foreign 
engineers. 

The  series  of  papers  begun  by  Drs.  Dudley  and  Pease 
will  be  continued  during  the  coming  year,  and  will  include 
some  subjects  of  importance  which  have  not  yet  been 
touched.  Other  papers  have  been  arranged  for,  and  it  is 
believed  that  the  Journal  will  be  able  to  hold  the  atten- 
tion of  its  readers  and  10  make  itself  acceptable  to  a  con- 
tinually increasing  number. 


The  success  attained  in  transmitting  power  by  elec- 
tricity over  considerable  distances  has  attracted  much 
attention  in  Europe,  and  in  Switzerland  particularly  the 
water-powers  on  the  small  mountain  streams  are  being 
eagerly  taken  up.  These  are  numerous  in  that  country, 
but  have  been  neglected  hitherto,  because  they  are  gener- 
ally in  places  where  it  -would  be  difficult  or  impossible  to 
establish  a  factory.  Now  that  it  has  been  found  that  space 
for  a  water-wheel  and  dynamo  is  enough  at  the  fall  itself. 


the  demand  is  so  great  that  there  is  a  call  for  some  Gov- 
ernment regulation  of  the  subject. 


An  account  is  given  on  another  page  of  the  timber  tests 
which  have  been  undertaken  by  the  Forestry  Division  of 
the  Department  of  Agriculture.  The  importance  of  this 
work  will  be  appreciated  by  engineers  generally,  and  it  is 
to  be  hoped  that  they  will  do  all  in  their  power  to  help 
Mr.  Fernow,  the  Chief  of  the  Division,  in  his  efforts  to 
make  the  tests  complete.  A  little  work  only  from  each 
man  who  is  in  a  position  to  do  it  will  make  in  the  aggre- 
gate a  very  great  help  to  the  Department ;  and  a  word 
spoken  in  favor  of  the  tests  may  also  be  of  service. 


The  Road  Congress  which  is  to  meet  in  Pittsburgh  on 
Noveniber  23  has  for  its  object  the  discussion  of  plans 
for  the  improvement  of  highway  roads  throughout  the 
country.  It  is  stated  that  delegations  from  25  States  will 
be  present,  and  the  Congress  will  include  many  men  of 
ability  and  standing.  Discussion  and  the  education  of 
public  opinion  on  this  subject  are  needed,  and  there  is 
much  which  can  be  done  by  such  an  assembly  as  that 
which  is  expected  in  Pittsburgh.  The  importance  of  the 
matter  is  not  fully  appreciated  by  those  most  directly  in- 
terested, and  until  it  is  reform  is  not  to  be  expected. 


The  great  plant  which  the  Bethlehem-  Iron  Company 
has  built  up  for  forging  armor-plates  and  guns  has  now 
fairly  begun  work,  and  for  the  first  time  it  is  possible  for 
the  Government  to  obtain  the  heaviest  forgings  of  this 
class  at  home.  The  establishment  of  such  a  plant  in  this 
country,  where  the  demand  for  war  material  is  intermit- 
tent, has  required  considerable  faith  in  the  future.  That 
it  could  be  done  here  no  one  doubted  ;  the  only  question 
has  been  whether  the  demand  would  warrant  manufac- 
turers in  putting  up  the  costly  plant  required  to  do  it. 


The  needs  of  the  Department  of  Transportation  at  the 
Columbian  Exhibition  were  well  presented  to  the  Ameri- 
can Railroad  Association  and  the  Superintendents'  Society 
by  Mr.  Smith,  its  chief,  and  if  the  members  of  those  bodies 
were  thereby  persuaded  to  take  an  active  interest,  much 
has  been  secured.  The  plans  prepared  for  the  buildings 
for  the  Transportation  exhibit  are  excellent,  and  we  regret 
that  lack  of  space  has  prevented  us  from  publishing  them 
in  the  present  number. 

There  is  much  work  still  to  be  done  to  bring  out  a 
proper  showing.  No  country  has  done  more  toward  im- 
proving methods  of  transportation  than  this,  and  the  ex- 
hibition ought  to  be  a  very  prominent  feature  of  the 
World's  Fair  in  1893,  Doubtless  the  manufacturers  will 
be  well  represented,  but  the  general  and  historical  features 
ought  to  be  shown  also,  and  that  will  take  time  and  care, 
if  it  is  done  properly. 

The  building  of  underground  railroads  in  New  York,  as 
proposed  by  the  Rapid  Transit  Commission,  presents  so 
many  difficult  questions  in  engineering,  that  differences 
of  opinion  among  experts  may  be  expected.  The  reports 
of  the  consulting  engineers  of  the  Commission  show  that 
such  differences  exist,  and  that  it  will  not  be  easy  to  rec- 
oncile all  the  conflicting  views. 

The  final  report  of  the  Rapid  Transit  Commission,  a 
summary  of  which  will  be  found  elsewhere,  approves  of 
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what  has  been  known  as  the  Worthen  plan  of  four  tracks 
on  a  level  and  generally  near  the  surface.  The  Commis- 
sioners evidently  hope  that  electricity  may  be  used  for  the 
motors,  but  the  use  of  steam  may  be  admitted. 

The  report  does  not  refer  to  the  system  which  was  used 
very  successfully  in  London,  the  deep  tunnel  and  the 
Greathead  system  of  working.  The  plans  for  New  York 
provide  for  tunnels  much  nearer  the  surface  than  that  of 
the  City  &  South  London  line,  and  a  deeper  tunnel  is 
hardly  considered  practicable  here.  The  building  of  the 
tunnel,  should  it  be  actually  undertaken,  will  present 
many  interesting  points. 


ENGLISH  AND  AMERICAN  LOCOMOTIVES. 


I. 

In  T/ie  (London)  Engineer  oi  November  7,  of  last  year,  a 
table  was  published  showing  the  traffic  receipts,  and  also 
"locomotive,  carriage,  and  wagon  department  expendi- 
tures" of  the  principal  railroads  in  England,  Scotland,  and 
Ireland  for  the  half  of  the  year  1S88.  Since  then  our  cotem- 
porary  has  repeatedly  asked  for  similar  data  concerning  the 
performance  of  American  locomotives.  We  have  heretofore 
commented  on  the  difficulty  of  furnishing  such  statistics 
for  the  reason  that  the  locomotive  reports  published  here 
by  our  railroad  companies  differ  veiy  widely  from  each 
other  in  their  form,  arrangement,  and  the  information 
which  they  contain.  This  is  not  collated  by  any  govern- 
ment or  other  authority,  and  therefore  the  only  way  to 
obtain  general  statistics  concerning  the  performance  of 
American  locomotives  is  to  apply  to  the  superintendents 
of  motive  power  of  the  different  roads  in  this  country  for 
their  reports.  This  we  have  done,  but  it  has  taken  much 
time,  which,  with  the  labor  of  tabulating  the  data  they 
contained,  in  order  to  make  the  various  items  comparable, 
and  the  subsequent  explanatory  correspondence,  must  ac- 
count for  the  lateness  of  our  reply  to  The  Engineer's 
criticisms,  or  rather,  animadversion  of  American  loco- 
motives. Nearly  all  the  superintendents  of  motive  power 
to  whom  we  have  applied  have  responded  to  our  requests 
for  reports  and  information  very  cheerfully  and  liberally, 
and  to  these  our  thanks  are  due,  and  are  here  expressed 
publicly. 

Table  I  contains  all  the  data  relating  to  the  performance 
of  British  locomotives  which  The  Engineer  gave  last 
November.  Table  II  gives  similar  but  fuller  information 
concerning  the  working  of  American  locomotives.  It 
should  be  observed  that  the  first  table,  giving  the  per- 
formance of  British  locomotives,  covers  a  period  of  a  half 
year  only,  whereas  the  second,  relating  to  American  loco- 
motives, covers  a  whole  year. 

In  The  Engineer  of  July  24,  its  editor  says,  rather  tri- 
umphantly, that  "every  attempt  that  has  been  made  by 
writers  on  the  subject  to  prove  the  superiority  of  the  Ameri- 
can locomotive  has  been  so  far  a  dead  failure."  Our  cotem- 
porary  does  not  refer  to  the  fact  that  it  has  been  clearly 
shown  that  the  maximum  coal  consumption  per  square  of 
grate  per  hour  of  American  locomotives  is  more  than 
twice  as  great  as  that  of  English  locomotives,  and  that  the 
quantity  of  water  evaporated  is  nearly  in  the  same  propor- 
tion. On  the  authority  of  our  cotemporary  we  have  it  that 
"  about  75  lbs.  (of  coalj  per  square  foot  of  grate  per  hour 
may  be  regarded  as  a  viaximutn  consumption.''  We 
have  shown  consumptions  of  121. 6,  132.2,  148,1,  and  193.7 


lbs.  of  coal  per  square  foot  per  hour,  and  Mr.  Dean,  in  ex- 
periments made  on  the  Union  Pacific  Railroad,  burned 
over  200  lbs.*  We  have  shown  an  evaporation  of  water 
equal  to  739.12  lbs.  per  square  foot  of  grate  per  hour  with 
a  poor  quality  of  coal.  Mr.  Dean,  on  the  Old  Colony, 
evaporated  over  1,000  lbs.  with  good  coal.  It  will  be 
shown  farther  on  that  this  greater  capacity  for  burning 
coal  and  generating  steam  has  an  important  bearing  on 
the  cost  of  transportation. 

Our  esteemed  disputant  remarks  in  a  recent  article,  that 
"  what  we  have  written  on  the  subject  has  no  doubt 
elicited  a  great  deal  of  information  which  American 
engineers  did  not  before  possess."  It  seems  as  though 
some  information,  elicited  by  what  has  been  written  on 
this  side  the  Atlantic,  must  be  new,  if  not  to  British  engi- 
neers, at  least  to  our  cotemporary.  We  submit  that  some 
advantage  may  be  claimed  for  our  locomotives,  if  they  are 
capable  of  burning  more  than  twice  as  much  coal  and 
evaporating  nearly  the  same  proportion  of  water,  and  can 
consequently  pull  greater  loads  than  locomotives  which 
do  not  generate  a  corresponding  amount  of  steam. 

But  a  study  of  what  we  may  call  our  international  tables 
will  reveal  some  other  information  which  perhaps  British 
enginrffers  "did  not  before  possess."  In  these  tables  it 
will  be  seen  that  the  number  of  locomotives  owned  by  the 
different  companies  is  given  in  the  second  column,  the 
total  mileage  in  the  third,  and  the  average  mileage  in  the 
fourth.  At  the  foot  of  this  column  the  aggregate  average 
mileage  is  given.  This  is  obtained  by  dividing  the  total 
engine  mileage  by  the  whole  number  of  engines.  In 
Table  II  the  total  number  of  all  locomotives  capable 
of  service,  and  owned  by  different  American  railroad 
companies,  is  given.  Whether  the  table  of  English  en- 
gines gives  all  the  engines  owned  or  only  those  in  service, 
we  are  unable  to  say.  It  will  be  seen,  though,  that  the 
average  mileage  of  British  engines  for  a  half  year  was 
12,305,  equivalent  to  24,610  miles  per  year.  The  average 
of  nearly  15,000  American  locomotives,  as  shown  by  our 
table,  was  35,650  miles.  When  facts  of  great  importance 
are  announced  simply  by  two  sets  of  figures,  they  often 
do  not  convey  an  adequate  idea  of  their  significance.  We, 
therefore,  represent  graphically  the  relative  average  mile- 
age of  locomotives  here  and  on  the  other  side  the  water, 
by  the  following  diagram,  in  which  the  lengths  of  the 
dark  lines  represent  the  proportionate  average  service 
which  British  and  American  locomotives  perform  an- 
nually. 


AVRRAGF.  ANNUAL  MILKAGK  OF  ENGLISH    LOCOMOTIVES. 

94,610  miles. 
Average  annual  mii.eagk  of  Amrrican  locomotivks. 
35,650  miles. 

To  show  the  maxtmuvi  mileage,  we  have  obtained  from 
a  number  of  different  roads  the  greatest  distance  run  by 
each  of  three  engines,  which  ran  farthest  during  the  last 
year.     The  results  are  given  in  Table  III. 

We  have  seen  the  report  of  the  remarkable  mileage  of 
the  "  Charles  Dickens"  on  the  London  &  North  Western, 
which  ran  a  million  miles  in  less  than  ten  yeans,  ocan 
annual  mileage  during  that  time  of  over  104,000  miles, 
which  exceeds  anything  in  our  table.  The  figures  which 
we  give  are,  however,  taken  from  ordinary,  every-day 
practice  of  33  different  roads.     Can  The  Engineer  give  its 


*  The  coal  u&cd  011  the  Uniun  Pacific  is  of  a  very  free-burning  (quality. 
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Table  I.    Shdwing  thk  Tr\ffic  Rbceipts,  also  Locomotive  Expenditures  of  the  Umdernoted  Railways  or  England,  Irbland  and  Scotland 

FOR  THE  Half  Year  ending  30TH  Junk  and  31ST  of  July,  1888. 


Name  ok  Road. 


English. 

i  .ondon  and  North  Western , 

(}reat  Western , 

Midland 

N'orth  Eastern 

Lancashire  and  Yorkshire 

Great  Northern 

Great  Eastern 

London  and  South  Western 

London,  Brighton  and  South  Coast.. 

South  Eastern ....    

I  ,ondon,  Chatham  and  Dover 

N'orth  Staffordshire 

Furness 

Taff  Vale  (Wales) 

Metropolitan 

Metropolitan  District 

North  London 

Cambrian 

Maryport  and  Carlisle 


> 

o 

e 

o 
o 

o 
1-! 


E 

3 


T»tal. 


Irish. 

Great  Southern  and  Western. . . 

Midland  Great  Western 

Dublin,  Wjcklow  and  Wexford. 
Helfast  and  Northern  Counties. 
Great  Northern 


Tot..l. 


Scottish. 

Caledonian 

North  British 

(ilasgow  and  South  Western. 
( ireat  North  of  Scotland 


Total 

Aggregate  Total. 


2.323 
1,600 
1,807 
»,5o6 
948 
798 

733 
548 
410 

338 
180 

i3« 
119 
169 

67 
54 
80 

51 

26 


►J  > 


o 
H 


be 
a 

§  ' 

V 

< 


TraflSc  Receipts  per 
Train,  Mile. 


11,888 


176 

104 

SI 

5a 

J37 


520 


690 
610 

291 
74 


27.035i3«3 

»9.»07.35i 

21,270,252 

17,102,558 

11,611,396 

10,333,286 

9,530,014 

8,023,716 

4,839,860 

4,618,454 

2,389,980 

Jo75i348 

892,938 

2,238,082 

1,090,650 

819,148 

1,236,771 

667,298 

2571631 


11,658 

".043 
".771 
11.356 
12,248 

12.949 
13,001 
14,642 
11,805 
13.664 
13,278 
10,499 
7.504 
13.243 
16,278 

15,169 
15,460 
13.084 

9.909 


Pass. 


4/  0.49 
4/  3-86 
3/  2.37 
3/  a-34 
3/  5-50 
3/  0-13 
3/  509 
4/  4-52 

4/  2'9I 

4/11.84 

4/  9-4« 
3/  0-17 
2/10.81 

5/  5-97 
6/  0.14 

4/11-39 
3/  4-69 
a/11.38 
2/10.00 


144.440.046 


1.868,913 

1,124,608 

616,892 

597,631 

1,791.033 


S.999.077 


8.634.143 
9,453.125 
3,428,202 
1,216,745 


1,665  (    22,732,215 


12,150 


10,619 
10,814 
12,096 
11.493 
13.073 

11.537 


12.513 

15.^97 
11. 781 

16,443 
13,653 


3/10.24 


3/  8.34 
3/  3-25 
3/10.48 

2/  5-99 
3/  3-72 


14,073  173.171,338 


12,305 


3/481 


3/  5-02 

3/  3-09 

3/  8.39 
2/11.33 

3/  4-41 


Goods. 


7 

b 

CI 

0. 

T3 

V 

V 

E 

s 

a 

, 

v. 

V 

G 

a 

0 

u 

M 

e 

■« 

U 

0 

0 

■ 

'5g 

c 

u 


o 
U 


V 

a 


Pi  s 

O     c 


U 


6/  7.52 
5/  3.76 
5/  2.23 
6/  a. 00 
7/10.21 
4/  6.33 
5/  0.52 
5/  7.41 
7/  4.28 
6/10.43 
8/10.53 
7/  7.78 
11/  2.01 
7/11.59 


11/ 

5-52 

4/ 

1.96 

6/ 

2.60 

lbs. 

4004 
32.51 
39.51 
36.52 
39-62 

40.65 
35-31 
26.90 
29.4a 
32.75 
30.9s 
38.66 
46.22 
38.49 
37.20 
30.50 
30.73 
35.87 
45.00 


cts. 

a.51 

2.36 

2.56 
3-54 
3.33 
3.11 
3.63 
348 
4.Q0 

3.84 
4.76 

2.22 

4.23 
2.76 

6  07 

513 
5.28 
2.9a 
4.18 


xo 

b 

.5   e 


5 


cts. 

53* 
6.0a 

4-74 
8.98 
6.10 
4.72 
4.33 
4.08 
4.a8 
3.62 
S-aa 
6.58 
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11-74 

4-76 

3-73 
5-54 

3-78 
S.82 


5/11.07 


5/10.93 
6/  7.68 

5/  0.13 
5/  6.13 
6/  4.84 


36.61 


27.24 
29.03 
37.11 
27.01 
26.76 


6.  1.35 


5/  9-79 
4/  932 
5/  4-07 
5/ 3.68 


27-39 


49.65 
43-04 
48-37 
37-37 


3/  9.30 


5/  3-as 


46.04 


5/10.08    I      37.53 


a.90 


373 
3.72 
3-6o 

3-49 
3.61 


3.65 


3.09 
a.09 
2.44 

3.58 


2.84 


5- 54 


6.18 

5-04 
3.60 

3-44 
3-88 


4-74 


4-46 
3.06 
4-52 
3-54 


3.8. 


Cts. 

X0.93 

9.18 

10.30 

11.32 
11.38 
10.48 
10.40 
13. 10 

ia.54 
13.14 

13.74 

7-44 
15.18 
10.94 

13-90 

11.66 

13.90 

9.04 

"•34 

10.9a 


10.06 
8.96 
8.5« 
8.80 
9.08 


.?        11 

O     V 

ii 

o  .a 

o 
H 


cts. 

1875 
17-56 
17.60 
•3.74 
19.81 
18.31 

18.3s 
19.6C 
21.7a 
19.60 
33.73 
16.24 

34-35 
3S-44 
34-73 
ao.51 
34.73 
15-74 
31.34 

1936 


1996 
17.7a 
15.76 
15.73 
16.57 


9.a6 


8-54 
8.64 

8.74 
8.74 


8.6a 


17.65 


15.09 
13.79 
15-70 
15-86 


14.66 


5-30 


10.58 


18.7a 


readers  a  report  similar  to  ours  of  the  maximum  mileage 
of  English  locomotives  in  ordinary  service  ? 

It  seems  hardly  necessary  to  dwell  upon  the  advantage 
which  American  locomotives  possess  over  their  Anglican 
cotemporaries,  in  their  greater  capacity  for  doing  what 
they  are  made  for — that  is,  for  running  and  pulling  trains. 
If  we  were  arguing  about  horses,  it  would  be  apparent 
that  an  animal  which  would  travel,  on  an  average,  35 
miles  per  day  was  a  much  more  serviceable  and  more 
valuable  beast  than  one  which  would  travel  only  24  miles, 
even  though  the  one  which  could  travel  farthest  eat  more 
oats  than  the  other.  The  same  thing  is  true  of  locomo- 
tives. Railroad  companies  buy,  build,  and  own  them  for 
the  service  they  can  perlorm.  That  is  what  gives  them 
value.  Our  adversary,  apparently,  entertains — vaguely, 
perhaps— the  idea  that  the  "  chief  end"  of  a  locomotive  is 
to  evaporate  the  largest  quantity  of  water  per  pound  of 
coal.  A  maximum  evaporation  of  water  is  of  some  im- 
portance, but  to  a  railroad  company,  crowded  with  traffic, 
and  an  insufficient  equipment,  the  service  capacity  of  their 
locomotives  is  paramount  to  everything  else.  Its  influence 
on  the  interest  account  is  a  matter  of  simple  calculation. 
Supposing  a  road,  say  in  some  new  country,  is  equipped 


with  250  American  locomotives.  These,  at  $8,000  each, 
would  cost  $2,000,000.  To  do  the  same  work,  375  English 
locomotives  would  be  needed  at  a  cost — assuming  the 
same  price — of  $3,000,000.  That  means,  of  course, 
$1,000,000  more  capital  and  an  annual  interest  charge  of 
$50,000,  without  any  allowance  for  deterioration.  It  also 
means  more  engine-house  capacity,  more  men  to  take  care 
of  engines,  more  yard  and  shop  room,  and  a  very  great 
addition  of  expense  in  the  locomotive  department. 

The  last  number  of  "  Poor's  Railroad  Manual  "  gives 
the  total  number  of  locomotives  owned  by  the  railroads  of 
the  United  States  at  32,241.  If  the  annual  mileage  of 
American  locomotives  did  not  exceed  that  of  their  English 
cotemporaries,  46,704  locomotives  would  be  required  to 
do  the  work  which  the  32,241  are  now  doing.  That  is, 
14,463  more  than  are  now  owned  would  be  required  to  do 
the  work  of  our  railroads.  At  $8,000  apiece,  this  addi- 
tional equipment  would  cost  $115,704,000. 

The  remark  of  The  Engineer  that  "  every  attempt  that 
has  been  made  by  writers  on  the  subject  to  prove  the 
superiority  of  the  American  locomotive  has  been  so  far  a 
dead  failure,"  has  already  been  quoted.  It  says,  "The 
facts  are  too  strong."     Now  we  submit  to  our  esteemed 
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Table  II.     Showing  thk  Locomotive  Expenditures  op  the  Undbrvoted  Railways  in  the  Unitkd   States  and  Canada  for  the  Tear  1890, 

S  6 


X' 


Name  of  Road. 


Boston  and  Albany* 

Boston  and  Mainet 

Burlington,  Cedar  Rapids  and  Northern. 

Canadian  Pacific -. 

Chesapeake  and  Ohio .... 

Chicago  and  Alton 

Chicago,  Burlington  and  (^uincy 

Chicago,  Milwaukee  and  St.  Paul 

Chicago,  Rock  Island  and  Pacific 

Chicago,     St.     Paul,    Minneapolis     and 

Omaha 

Chicago  and  North  Western 

Cincinnati  Southern 

Cleveland,  Cincinnati,  Chicago  and  St. 

Louis 

Delaware,  Lackawanna  and  Western   .. . 

Fitchburg  

Illinois  Central 

Kansas  City,  Ft.  Scotland  Memphis 

Lake  Shore  and  Michigan  Southern.   ... 

Louisville  and  Nashville 

Michigan  Central   

Milwaukee,  Lake  Shore  and  Western.... 

Missouri,  Kansas  and  Texas 

Missouri  Pacific 

Mobile  and  Ohio ' 

New  York  Central  and  Hudson  River. . . 

New  York  Elevated 

New  York,  Lake  Erie  and  Western 

New  York,  New  Haven  and  Hartford. . . 

New  York,  Pennsylvania  and  Ohio 

Ohio  and  Mississippi.... '.;^,j., .. 

Old  Colonyt 

Pennsylvania    (United   R.Rs.    of   New 

Jersey) 

Pennsylvania  (Philadelphia  to  Pittsburg) 
Pennsylvania    Lines   West  of   Pittsburg 

(N.  Western  System) 

Philadelphia  and  Erie 

Philadelphia,  Wilmington  and  Baltimore^ 

.St .  Louis  and  San  Francisco 

Union  Pacific 

Wabash 

Western  New  York  and  Pennsylvania. . . 
Wisconsin  Central 
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8.147.097 
6,304,182 

18,605,304 
4.770,148 

'9,509,322 

'7,990,574 

16,200,768 
3,903,620 
8,559,852 

10,825,213 
3,137,928 

27,456,016 

8.54',037 

19,672,746 

7,966,161 

8,'53,297 
4,605,967 

6,558,675 

12,076,374 
31,648,320 

16,188,889 
5,268.503 
7.505,4.^9 
5.570,^73 

34,846,343 

15,099.843 

3,959.957 
5,089,187 


Totals '4-863A  519,889,130 

Averages ! 
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35,899 
33,389 
28,525 
34.776 
32,014 
35,536 
38,940 
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38,939 
40,376 
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32,019 
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.^3,099 
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28,893 
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32.690 
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7.00    I    18.16 
7.40      17-90 


6.78 

5.8X 

9.37 
6.46 

7.M 
6.84 

7-98 
5-33 
6.64 
7-93 
7-73 
6.90 
6.35 
8.6a 
8.x8 

7-37 
7.60 
6.78 
7-54 

6.45 

6.33 
6.74 

6.x6 
5-6» 
7-59 
9.14 

7. II 

6.55 
6.93 


15.98 
15.52 

35-43 
14-67 
16.71 
16.20 
30.58 
1S-8S 
20.15 
ai.33 
19.94 
15-08 

'9-59 
20.74 
ao.io 
17.76 
14.11 
ai.79 

'24.97 
«7-75 

17.02 
20.34 
20.75 
18.67 

a6.45 
15.16 

'5-74 
19.82 
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*  This  Company  has  a  large  number  of  old  locomotives  too  light  for  its  service  which  make  little  mileage. 
+  A  considerable  proportion  of  the  engines  of  this  Company  are  not  employed  in  winter. 

*  The  engines  and  mileage  on  the  Baltimore  and  Potomac  road  are  included  here. 

)i  This  average  is  obtained  by  dividing  the  total  number  of  miles  run  by  the  total  number  of  engines. 

t   This  is  the  result  of  multiplying  the  number  of  miles  run  on  each  road  by  the  quantity  of  coal  burned  and  adding  the  products  thus  obtained  and 
dividing  by  the  sum  of  the  mileages  on  all  the  roads. 

**  This  average  is  obtained  in  the  same  way  as  that  at  the  foot  of  column  9,  but  usin<i  the  cost  of  repairs  per  mile  run  on  each  road  as  a  multiplier. 
ft  This  is  the  average  of  the  averages  of  each  road. 

t*  This  is  obtained  by  multiplying  the  total  cost  of  locomotive  service  per  mile  run  on  each  road  by  the  total  number  of  miles   run  and  adding  the  products 
together  and  dividing  by  the  number  of  miles  run  on  all  the  roads. 


adversary    and    to  our   readers    the    question,    whether  a 
.fi  15,000,000  fact  has  not  "  considerable"  strength. 

COAL    CONSUMPTION. 

The  strong  point  which  T/ig  Engineer  has  dwelt  upon 
during  the  discussion  of  the  relative  merits  of  our  loco- 
motives and  theirs  has  been  the  greater  economy  of  their 


locomotives  in  the  consumption  of  coal.  From  our  tables 
it  will  be  seen  that  the  average  consumption  on  British 
roads,  for  the  half  year  covered  by  Table  I,  is  37.53  l^^* 
per  engine  mile,  whereas  on  the  American  roads,  of  which 
the  consumption  is  reported  in  column  9  of  Table  II,  tlic 
average  is  74.37,  or  almost  exactly  twice  as  much  as  that 
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Table  III.— Gkbatkst  Annual  Mileage  of  Locomotives  on  Differenx 

Roads. 


\Vt  tern  New  York  &  Pa 

Chicago  &  Alton    

KaisasCity,  Fort  Scott  &  Gulf 

0!  1  Colony 

Ca-iadian  Pacific ..,.,. 

M  bile  A  Ohio ..;;.-.-. 

Wisconsin  Central 

Ciiicago,  Milwaukee  &  St.  Paul  

Missouri,  Kansas  &  Texas 

W.ibash , 

L)'-l;tware,  Lackawanna  &  Western 

Milwaukee,  Lake  Shore  A^Westem 

Illinois  Central 

Ohio  and  Mississippi. 

Miiiihattan  Railway 

Boston  &  Albany 

Cincinnati,  New  Orleans  &  Texas  Pacific. . 

Chesapeake  &  Ohio 

Ili'.rlington,  Cedar  Rapids  &  Northern 

P-  nnsylvania  (United  Railroads  of  N.  Jersey) 

Michigan  Central 

Philadelphia  &  Erie 

Union  Pacific 

Fitchburg 

Atchison,  Topeka  &  Santa  Fe 

Like  Shore  &  Michigan  Southern 

Pittsburgh,  Fort  Wayne  &  Chicago 

Pennsylvania  (Philadelphia  to  Pittsburgh). 

M  issouri  Pacific ....   

Philadelphi.i,  Wilmington  &  Daltimore 

Louisville  &  Nashville  

Chicago,  Burlington  &  Quincy 

New  York,  Central  &  Hudson  River 

Chicago  &  North  Western 


Miles. 

5I1433 
55.538 
551832 
57. '56 
59.000 
60,784 
60,928 
61,729 

61.785 
63,5^1 
651750 
66,438 
16,498 

67178s 
70,217 

70,356 
71,084 

711630 
74,268 

77i9«.1 

79,868 
80,198 
81,262 
83,076 

86,iss 
86,240 
86,635 
88,340 
91,680 
*96i54« 
97i2S7 
971384 
99,207 


Miles. 

501572 
50,026 

50,436 

55,098 
56,466 
48,446 
48,628 
60,523 
58,763 
59.62s 
60,500 
63,660 

64.837 
65,200 

57i729 

67,965 

67,850 
50,053 
5^1980 

76,372 


791650 
69,177 
81,243 
83,038 
84,642 

63,127 
88,044 

88,904 

95,425 
95,096 
87,299 


Miles. 

50.157 

46,968 

45,351 
54,238 

56,399 
44,389 
47,399 

59,888 

54,190 
57,823 
6o,j74 
61,970 
57,081 
64,349 

56.725 
66,781 
66,857 
49,756 
5»i.36o 

75.196 

731763 
52, 196 

73,919 
79,251 
81,854 


57,654 
84,576 
87,909 
91,414 
93,662 
69.633 


*  This  engine  was  in  service  only  nine  months,  and  made  this  mileage  in  that 


tunc 


of  the  British  engines.  If  this  consumption  was  of  coal  of 
the  same  quality,  and  in  doing  the  same  amount  of  work, 
and  if  the  relative  merits  of  locomotives  depended  entirely 
on  the  fuel  consumption,  it  would,  of  course,  be  a  bad 
showing  for  our  engines. 

With  reference  to  the  quality  of  American  coal,  we  have 
taken  occasion  before  to  say  that  it  varies  within  very 
wide  limits.  Through  the  courtesy  of  Mr.  Leeds,  Super- 
intendent of  Machinery  of  the  Louisville  &  Nashville  Rail- 
road, we  are  able  to  give  the  relative  consumption  of  16 
different  kinds  of  coal,  as  determined  by  careful,  practical 
tests  in  running  passenger  trains  on  that  road.  The  com- 
parison is  made  with  good  Pittsburgh  coal,  which  was 
rated  at  100.     The  consumption  was  as  follows  : 

Table  IV. — Value  of  Different  Kinds  of  Coal. 

Coal  No.    I.  Pittsburgh  (good).  Consumption loo. 

..109.T9 
...112.84 
..  11705 
...124.33 
...125.03 
...128.84 
...129.75 
..  131.21 
...134.83 
...138.29 

...138.57 

...139  49 

..149. 04 

. ..162.61 
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From  this  table  it  will  be  seen  how  widely  the  coal 
which  is  used  in  this  country  diners  in  quality  and  value. 
It  is  by  no  means  certain  that  the  poorest  coal  tested  by 
Mr.  Leeds  is  the  worst  that  is  used,  as  he  only  experi- 
mented with  fuel  available  for  his  own  road.     Evidently 


it  would  be  idle  to  expect  that  an  engine  using  the  No.  16 
coal  would  burn  as  little  per  mile  as  another  would  which 
used  '*  good  Pittsburgh." 

We  have  no  direct  testimony  bearing  upon  the  relative 
value  of  English  and  American  coals,  but  all  the  informa- 
tion received  from  persons  who  have  had  experience,  both 
here  and  in  England,  is  to  the  effect  that  the  coal  used 
there  is  much  better  than  the  average  here,  especially  bet- 
ter than  that  used  in  our  Western  States.  In  1844  Pro- 
fessor Johnson  made  a  series  of  elaborate  tests  on  coals  for 
the  Secretary  of  the  U.  S.  Navy.  These  were  probably 
the  most  complete  experiments  ever  made  on  American 
coals.  He  also  tested  a  few  samples  of  English  and  Scotch 
coals.  Without  going  into  minute  fractions  his  conclu- 
sions may  be  summarized  by  the  following  figures  : 

Water  evaporated  per  lb.  of  Scotch  coal 6J4   lbs . 

"  "  "    "    "  Liverpool  (England) 7 

"  "     "    "  Pittsburgh  (Pa.) 7 

'«  •'     "    '•  Newcastle  (England) 7X    " 

"  "  ''     "    "  Cumberland  (Md.  and  Pa.).... 8K     " 

These  figures  give  some  idea  of  the  relative  value  of 
these  different  coals.  It  should  be  added  that  Pittsburgh 
and  Cumberland  coals  are  among  the  best  in  this  coun- 
try for  steam  generating  purposes.  All  Western  coals  are 
of  poorer  qualities,  descending  almost  to  incombustibility. 

The  impossibility  of  making  any  comparison  which  will 
be  conclusive  of  the  relative  economy  of  locomotives  using 
fuel  varying  so  widely  in  quality  as  that  which  is  used  on 
English  engines  and  in  this  country  must  be  obvious. 

From  Table  I  it  will  be  seen  that  the  consumption  on 
the  Scottish  roads  averages  46.04  lbs.  per  mile,  or  nearly 
30  per  cent,  more  than  on  English  lines,  with  the  prob- 
ability, too,  that  trains  in  Scotland  are  lighter  than  in 
England.  This  is  due  to  a  great  extent,  probably,  to  the 
poor  quality  of  the  coal  used  there. 

In  our  next  article  we  will  make  some  comparison  of  the 

loads  hauled  on  British  and  American  railroads,  and  of 

the  relative  cost  of  repairs  in  the  two  countries,  and  also 

of  the  cost  of  locomotive  service  per  ton  of  train  hauled 

per  mile. 

(to  be  continued.) 

♦ 

AFRICAN  TRANSCONTINENTAL   RAILROADS. 

The  French  engineer  is  nothing  if  not  comprehensive 
and  general  in  his  plans  :  and  accordingly  M.  Beau  de 
Rochas,  in  advocating  the  building  of  the  Trans-Saharan 
Railroad,  has  outlined  a  system  of  great  African  lines. 

The  Trans-Saharan  line,  according  to  M.  de  Rochas, 
should  be  considered  not  only  as  a  connection  between 
France  and  its  commercial  colonies  and  outposts  in  the 
Western  Soudan  and  Senegambia,  but  as  part  of  a  trans- 
continental route  which  will  shorten  by  nearly  one-half  the 
time  of  transit  between  French  ports  and  the  greater  part 
of  South  America.  The  road  to  be  built  by  France  should 
not  be  merely  the  Trans-Saharan  ;  it  should  be  the  West- 
ern Trans-African,  and  should  have  its  northern  termini 
at  the  ports  of  Oran  and  Djidjelli  in  Algiers  and  its  south- 
ern at  Rio  Nufiez  on  the  Senegambian  coast.  Now  the 
shortest  possible  line  across  the  Atlantic  between  America 
and  the  Eastern  Continents  is  one  drawn  from  Cape  San 
Roque  or  the  port  of  Pernambuco  near  by,  to  Rio  Nufiez. 
Even  at  the  moderate  speed  of  13  or  14  knots  an  hour  the 
ocean  can  be  crossed  there  in  5^  days,  while  at  19  or  20  knots 
the  time  would  be  less  than  four  days.  But  if  we  adopt  the 
lower  speed,  the  voyage  from  Pernambuco  to  Marseilles, 
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the  proposed  railroad  being  completed,  could  be  made  in 
nine  days,  as  against  16  or  17  now  required.  For  freight, 
allowing  for  transfer  and  the  slower  speed  of  freight  trains, 
the  gain  in  time  would  be  three  or  four  days  ;  to  this  must 
be  added  the  diminished  risk,  lower  insurance  and  other 
consideratidns. 

Whether  passengers  might  not  prefer  the  longer  sea 
voyage  to  a  ride  of  three  or  four  days  by  rail  through  the 
heats  of  equatorial  Africa,  with  risks  of  disease,  M.  de 
Rochas  does  not  consider  worth  serious  treatment,  in  view 
of  the  unquestioned  saving  in  time. 

Pernambuco  has  already  rail  connections  with  a  con- 
siderable part  of  Brazil,  and  with  the  European  line  once 


voyage  through  the  Red  Sea  and  the  Suez  Canal  is  a  thing 
of  the  past. 

Still  another  branch  from  a  point  in  the  Central  Soudan 
to  the  East  African  Coast  at  Mozambique  or  the  mouth  of  the 
Zambesi  will  furnish  a  short  line  to  Australia  and  New 
Zealand.  Here,  then,  we  have  a  system  which  will  revolu- 
tionize the  commerce  of  the  world  and  turn  the  entire  trade 
of  the  East  into  new  channels.  Far-reaching  as  were  the 
results  which  followed  the  opening  of  our  own  Pacific 
railroads,  they  will  be  small  when  compared  with  those 
attending  the  completion  of  the  African  Trans-conti- 
nental. 

The  commercial  center  of  the  world  will  be  transferred 
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established  these  will  be  extended  until  the  city  becomes 
the  central  point  to  which  all  the  railroad  systems  of  South 
America  will  converge.  Two  leading  lines  may  be  in- 
dicated ;  one  through  the  Amazon  Valley  to  Bolivia  and 
Peru,  the  other  leading  directly  to  Valparaiso. 
g  In  support  of  this  comprehensive  plan  a  political  reason 
is^brought  forward,  which  is  perhaps  best  expressed  in 
M.  de  Rochas'  own  words  : 

The  North  Americans  do  not  conceal  their  purpose  of  extend- 
ing the  Monroe  Doctrine  to  South  America.  But  between  the 
North  Americans  and  the  South  Americans  there  is  nothing  in 
common  but  the  American  name.  The  South  American  is  of 
the  Latin  Race.  That  race  does  not  wish,  it  cannot,  it  has*^no 
right  to  permit  itself  to  be  absorbed  by  any  other.  Its  vitality 
extends  through  the  whole  Latin  world  ;  and  in  drawing  its 
lines  of  relationship  closer,  it  will  raise  still  higher  its  historical 
standard. 

~  Now,  the  Western  Trans-African  Railroad,  if  it  existed, 
would  become — it  must  necessarily  become — the  bond  of  union 
between  the  Latin  world  on  this  side  and  on  the  other  side  of 
the  Atlantic.  The  Latin  world,  and  with  it  civilization,  of 
which  it  is  the  highest  and  best  representative,  have  everything 
to  gain  by  this  closer  connection. 

This  is  a  peculiarly  French  view  of  the  subject,  to  which 
some  exceptions  might  be  taken  here,  did  space  permit. 

The  plans  ot  M.  de  Rochas  will  be  made  clearer  by  the 
accompanying  sketch,  on  which  the  West  African  line  and 
its  American  connections  are  shown  at  a  glance. 

But  the  West  African  line  is  not  the  only  one  included, 
although  it  is  the  first  to  be  built.  Near  the  southern  line 
of  the  Sahara  another  transcontinental  line  will  diverge 
and  run  through  the  Eastern  Soudan  and  across  the  head- 
waters of  the  Nile  to  a  point  near  Cape  Guardafui.  from 
which  a  comparatively  short  sea  voyage  will  be  required  to 
reach  the  ports  of  India  and  China.   This  built,  the  tedious 


I  from  London  to  Marseilles.      Liverpool  and  New  York 
will  become  seaporls  of  merely  local  importance. 

Some  difficulties  will  attend  the  building  of  the  great 
African  lines  ;  but,  after  all,  the  plan  of  M.  de  Rochas 
appears  to  us  no  more  visionary  and  extravagant  than  that 
of  the  American  transcontinental  did  to  our  fathers  only 
40  years  ago.  No  one  will  now  venture  to  predict  what 
projected  lines  will  or  will  not  be  in  operation  in  1930. 


NEW   PUBLICATIONS. 


Brazil.     Bulletin  No.  7  of  the  Bureau  of  the  American 
Republics.     Washington  ;  issued  by  the  Bureau. 

The  Bureau  of  the  American  Republics  is  one  of  the  results 
of  the  Pan-American  Congress  of  last  year,  and  its  object  is  to 
promote  friendly  feeling  and  to  increase  the  knowledge  of  our 
sister  republics  in  this  country.  The  present  monograph  on 
Brazil  is  a  volume  of  336  pages,  containing  a  large  amount  of 
information  in  relation  to  that  country.  It  includes  historical 
sketches  ;  an  account  of  the  commercial  and  political  geog- 
raphy ;  colonization  and  immigration  ;  the  mineral  agricultural 
and  forest  resources  ;  railroad  and  other  transportation  sys- 
tems ;  financial  and  political  systems  ;  commercial  arrange- 
ments with  the  United  States  ;  commercial  statistics  ;  tariffs, 
and  a  commercial  directory.  It  is  illustrated  by  a  map  of  the 
country  and  a  number  of  views  of  the  chief  cities. 

The  book  is  a  valuable  one  to  all  who  are  interested  in  Brazil, 
or  who  hope  to  secure  a  share  of  the  trade  with  that  country. 
It  is  also  interesting  to  the  general  reader.  Our  knowledge  of 
South  America,  even  among  reading  people,  is  much  less  full 
and  accurate  than  it  should  be,  and  the  publications  of  the 
Bureau  are  serving  an  excellent  purpose  in  increasing  it.     The 
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work  entrusted  10  it  is  an  excellent  one.  and  has  so  far  been 
carried  on  with  excellent  judgment. 


Poor's  Directory  OF  Railroad  Officials  and  Manual  of 
American  Street  Railroads  :  1891.  H.  V.  &  H.  W. 
Poor,  New  York  ;  price,  $2. 

This  is  a  supplement  to  Poor's  Manual^  and  is  intended  to 
give  more  complete  lists  of  railroad  officers  than  can  be  inserted 
in  the  Manual  without  increasing  too  much  the  bulk  of  that 
work.  It  is  also  very  serviceable  for  those  who  need  only  the 
names  of  oflBcers  and  do  not  require  the  detailed  information 
found  in  the  other  book. 

The  Directory  contains  lists  of  all  the  officers  of  steam  rail- 
roads in  the  United  States,  with  special  lists  of  those  in  charge 
of  the  operating  and  mechanical  departments,  and  of  purchas- 
ing:; agents.  It  also  gives  the  statements  of  the  street  railroads 
of  the  country  ;  finally  it  has  a  directory  of  the  railroads  in 
Mexico,  Central  America,  South  America,  the  West  Indies, 
and  the  Hawaiian  Islands  ;  all  countries  which  have  a  close 
relation  to  this. 

The  work  on  this  book  has  been  done  as  carefully  as  that  on 
the  Manual,  and  its  accuracy  may  be  generally  relied  on. 
That  it  is  indispensable  for  all  who  have  business  with  rail- 
roads, it  is  hardly  necessary  to  say. 


Builders'  Hardware.  A  Manual  for  Architects,  Builders 
and  House  Furnishers.  By  Clarence  H.  Blackall,  Architect. 
Ticknor  &  Company,  Boston  ;  price,  $5. 

At  first  sight  this  might  be  taken,  from  its  title,  to  be  a  trade 
catalogue  ;  but  an  inspection  of  its  contents  will  show  that  it 
is  something  quite  different.  The  term  "  Builders'  Hardware" 
is  defined  by  the  author  as  including  "  metal-work  of  every 
description  entering  into  the  construction  and  finish  of  a  mod- 
ern building,  from  the  nails  and  bolts  used  in  the  rough  work 
to  the  door  furniture  and  brass  lock  and  plate  work  of  the 
finish." 

This  is  certainly  comprehensive  enough  ;  and  that  the  book 
has  been  made  to  cover  the  subject  as  defined,  an  inspection  of 
the  table  of  contents  and  the  index  will  show.  In  fact,  any  one 
not  familiar  with  the  subject  will  look  with  some  wonder  at  the 
great  number  and  variety  of  the  articles  described  and  men- 
tioned. 

The  book  has  been  written  chiefly  for  architects,  with  a  view 
of  enabling  them  to  make  out  their  specifications  with  a  better 
and  clearer  understanding  of  the  minor  details  of  the  metal 
work,  and  of  what  is  required  in  that  line  in  a  good  building 
than  most  of  them,  who  have  not  had  practical  experience  as 
builders,  can  be  expected  to  possess.  In  this  way  it  may  be 
considered  a  very  useful  book.  As  far  as  manufactures  are 
concerned,  the  author  seems  free  from  bias  of  any  kind,  unless 
a  little,  and  perhaps  natural  leaning  toward  Boston  practice 
may  be  so  considered.  His  judgments  as  to  quality  of  work 
are  apparently  quite  impartial. 

The  numerous  illustrations  have  purposely  been  made  as 
simple  as  possible  ;  they  are  very  good  of  their  kind.  A  few 
more  elaborate  and  very  handsome  plates  are  added,  giving 
examples  of  artistic  finishings  for  the  higher  grades  of  house 
Work.  The  book  is  an  admirable  specimen  of  typographical 
work. 

Report  of  the  Proceedings  of  the  Twenty-fifth  Anni;al 
Convention  of  the  Master  Car-Builders'  Association. 
Held  at  Cape  May,  N.  J.,  June  9,  10,  and  II,  189I.  Chi- 
cago ;  published  by  the  Association,  John  W.  Cloud,  Secre- 
tary. 

This  report  of  the  Master  Car-Builders'  Convention  follows 
close  upon  that  of  the  Master  Mechanics,  a  little  delay  being 
required  to  enable  the  Secretary  to  include  in  it  the  results  of 
the  letter-ballots  ordered  by  the  Convention.     Like  that  of  the 


other  Association,  the  Convention  this  year  had  no  questions 
of  special  importance  before  it,  those  which  called  out  the  most 
discussion  being  in  relation  to  air-brake  standards  and  repairs 
and  inspection  of  freight  cars  fitted  with  air-brakes.  These  are 
comparatively  new  matters,  and  are  growing  in  importance  as 
the  use  of  continuous  brakes  on  freight  trains  is  increasing. 

The  Report  is  carefully  edited,  and  printed  in  the  usual 
style.  It  has  also  the  supplements  containing  the  Rules  of 
Interchange,  the  Standards  of  the  Association,  and  Decisions 
of  the  Arbitration  Committee.  These  alone  make  it  valuable 
to  officers  of  the  car  department,  apart  from  the  interest  attach- 
ing to  the  reports  and  discussions. 

Poor's  Handbook  of  Investment  Securities.  Second  An- 
nual Number  for  1891.  H.  V.  &  H.  W.  Poor,  New  York  ; 
price,  $2.50. 

Like  the  Directory,  this  book  is  intended  as  a  supplement  to 
Poor" s  Manual,  and  is  especially  for  the  use  of  bankers  and 
banks,  investors,  and  those  who  deal  in  or  invest  their  capital 
in  railroad  securities.  It  contains  lists  of  bond  coupons,  time 
and  place  of  payment ;  times  and  places  of  annual  meetings 
and  payment  of  dividends  ;  locations  of  general  and  transfer 
offices  ;  ranges  of  slock  and  bond  prices  for  the  past  year  ; 
dates  of  maturity  of  bonds  ;  a  condensed  abstract  of  railroad 
returns  from  the  Manual,  and  much  other  information  of  the 
kind  which  dealers  and  investors  need  for  reference.  In  ad- 
dition to  the  railroad  information,  there  are  lists  of  State,  county, 
and  municipal  bonds,  and  cf  the  securities  of  a  number  of  mis- 
cellaneous corporations  which  are  largely  bought  and  sold. 

Judging  by  past  issues,  the  work  is  generally  accurate  and 
reliable,  and  the  constant  use  of  the  preceding  number  has 
shown  its  excellence.  It  may  also  be  said  that  it  is  the  only 
work  of  the  kind  which  is  to  be  had. 


A  Treatise  on  Wooden  Trestle  Bridges  According  to 
THE  Present  Practice  on  American  Railroads.  By 
Wolcott  C.  Foster.  John  Wiley  &  Sons,  New  York  ;  price, 
$5. 

This  is  a  book  on  a  subject  concerning  which  a  great  deal 
has  been  written  in  a  detached  way — in  papers  and  society 
proceedings  and  the  like — but  on  which,  until  recently,  there 
has  been  no  connected  treatise.  That  it  is  an  important  one, 
the  author's  figures  show,  if  they  are  correct — and  they  are 
probably  very  nearly  so — for  he  estimates  that  there  are  about 
2,400  miles  of  wooden  trestle  in  the  United  States,  of  which 
about  one-quarter  is  only  temporary,  to  be  replaced  by  embank- 
ment, while  probably  one-third  more  will  be  replaced  by  iron. 
This  would  leave  between  800  and  1,000  nriles  of  what  may  be 
called  permanent  wooden  structures,  to  take  no  account  of  the 
new  ones  which  are  constantly  going  up  on  new  lines.  Taking 
an  approximation  to  the  average  cost,  the  2,400  miles  of  trestle 
must  have  cost  over  $76,000,000,  a  sufficiently  formidable  sum. 

Mr.  Foster  has  aimed  to  give  the  methods  of  construction 
which  are  approved  by  general  adoption,  and  to  describe  the 
practice  on  the  best  roads,  and  he  has  collected  a  large  amount 
of  information  which  will  be  of  service  to  engineers  in  railroad 
work. 

After  the  introduction  the  book  has  several  chapters  on  gen- 
eral subjects,  such  as  Pile-bents,  Framed  Bents,  Pile-drivers, 
Floor  Systems,  Bracing,  Iron  Work,  etc.  There  are  also 
chapters  on  Erecting,  on  Specifications,  on  Bills  of  Material, 
and  on  Maintenance.  These  are  followed  by  drawings  and 
bills  of  material  for  eight  pile  trestles  and  23  framed  trestles, 
taken  from  actual  practice  on  different  roads,  and  including 
some  bridges  of  extraordinary  height  ;  it  may  be  said,  in  fact, 
that  almost  every  sort  of  trestle  is  included. 

The  drawings  are  generally  good,  but  in  one  or  two  cases 
they  are  too  much  reduced — notably  in  the  case  of  those  of  the 
pile-driver  car  on  pages  16,  17,  i8,  and   19,  where  the  figures 
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are  su  small  they  can  hardly  be  read  without  a  microscope. 
It  may  also  be  said  that  though  the  letter-press  is  clear  and 
good,  the  cuts  are  not  as  well  printed  as  they  ought  to  be  in 
such  a  book. 

These  are  minor  points,  however,  and  the  book  may  be  con- 
sidered a  useful  addition  to  engineering  literature. 

Notes  on  Military  Science  and  the  Art  of  War.  By 
Joseph  M.  Califf,  First  Lieutenant  Third  U.  S.  Artillery. 
Second  Edition,  Revised  and  Enlarged,  (James  J.  Chapman, 
Washington  ;  price,  $1.) 

The  author  of  this  book,  who  is  well  known  to  readers  of  the 
Journal,  prepared  it  originally  while  detailed  as  professor  at 
the  State  University  of  Iowa,  with  the  intention  of  supplying  a 
text  book  which  was  much  needed  to  supplement  his  lectures. 
It  is  not  intended  to  teach  the  purely  technical  part  of  the  mili- 
tary profession,  but  to  give  a  general  idea  of  the  organization 
of  an  army  and  the  manner  in  which  it  is  handled,  supplied  and 
made  efficient  in  time  of  war  ;  of  the  weapons  with  which  it  is 
armed  and  of  the  manner  of  using  them,  with  some  lessons 
drawn  from  the  great  captains  of  the  past. 

Among  the  subjects  treated  are  Army  Organization  and  Ad- 
ministration ;  Lines  and  Orders  of  Battle  ;  the  Systems  of  Fred, 
crick  and  Napoleon  ;  Modern  Tactics  and  Strategy  ;  Explo- 
sives, Guns,  Projectiles  and  Torpedoes  ;  Fortification  and 
Sieges  ;  Military  Transport  and  Supply  ;  Outposts  and  Recon- 
naissances ;  Management  of  Troops  in  Campaign  and  Military 
Law. 

As  a  text-book  it  is  excellent.  The  different  subjects  are 
necessarily  treated  in  a  general  way,  but  the  explanations  are 
clear  and  plain,  and  the  style  is  excellent.  It  is,  in  fact,  some- 
what more  than  a  text-book,  and  is  a  very  good  work  for  the 
general  reader  who  wishes  for  a  general  knowledge  of  military 
methods.  It  is  sufficiently  illustrated  where  diagrams  are  need- 
ed to  make  the  subject  clear. 

The  present  edition  has  been  largely  rewritten  in  order  to 
keep  up  with  the  recent  rapid  progress  in  small  arms,  cannon, 
powders  and  other  military  material.  Chapters  on  Transport 
and  Reconnaissance  have  also  been  added,  with  some  account 
of  the  systems  of  outposis  and  advanced  guards  adopted  in  for- 
eign armies. 

^ 

TRADE    CATALOGUES. 


About  Warming  Railroad  Cars.     The  Leland  Car  Heater  &*  Steam 
Coupler  Company,  New  York. 

This  is  an  illustrated  description  of  the  Leland  Heater,  which 
is  a  device  for  heating  railroad  cars  by  a  circulation  of  water 
which  has  been  heated  by  steam  from  the  train  pipes.  This 
heater  is  in  use  on  the  Wagner  sleeping  and  parlor  cars,  and  is 
being  put  in  a  number  of  cars  of  the  New  York,  New  Haven  & 
Hartford  Railroad.  

Industrial  Railways  {Synopsis).      The   C.    W.   Hunt   Company, 
New  York. 

Coal  Machinery  {Synopsis).      The  C.    W.  Hunt  Company,  N^ew 

York. 
Manila  Rope.      The  C.   W.  Hunt  Company,  New  York. 

The  first  of  these  catalogues  contains  a  very  good  illustrated 
description  of  the  Hunt  Company's  system  of  light  railroads 
for  factories,  yards,  and  similar  purposes.  This  system— which 
has  already  been  described  in  the  Journal — presents  many 
advantages,  and  has  been  adopted  by  a  number  of  large  fac- 
tories. 

The  second  is  in  part  a  repetition  of  the  first,  but  it  also  de- 
scribes the  Hunt  machinery  for  unloading,  handling,  and  load- 
ing coal  on  a  large  scale.  This  machinery  has  reduced  the 
cost  of  handling  coal  to  a  very  low  figure,  and  has  also  brought 
down  the  time  required  for  disposing  of  a  cargo  to  almost  the 
lowest  possible  point. 


The  third  catalogue  might  almost  be  called  a  short  treatise 
on  Rope,  and  it  contains  much  interesting  information  on  the 
making  and  uses  of  the  best  quality  of  rope,  the  latter  including 
its  use  in  transmitting  power.  Like  the  others,  it  is  well  illus- 
trated. 

Catalogue,  Dodd's  Sigmoidal   Water   Wheel.      The  Pacific  Iron 
Works,  San  Francisco. 


BOOKS    RECEIVED. 


Irris;ation  Statistics  of  the  Territory  of  Utah.  Compiled  by 
Charles  L.  Stevenson,  Secretary  of  Utah  Statistics  Committee. 
This  is  a  valuable  compendium,  specially  prepared  for  the  Irri- 
gation Congress  at  Salt  Lake. 

Cornell  University,  Agricultural  Experiment  Station  :  Bulle- 
tin 31.     Ithaca,  N.  Y. ;  published  by  the  University. 

Tide  Tables  for  the  Atlantic  Coast  of  the  United  States  for  the 
Year  1892.  Washington  ;  Government  Printing  Office.  The 
United  States  Coast  and  Geodetic  Survey,  by  which  these 
Tables  are  prepared,  desires  to  call  attention  to  the  fact  that 
copies  can  be  obtained  at  25  cents  each.  Agencies  for  their 
sale  are  established  in  all  the  principal  seaboard  cities. 

Proceedings  of  the  Engineers    Club  of  Philadelphia  :    Volume 
VIII,   No.   3,  July,    1891.       Philadelphia ;    published    by    the 

Club. 

-♦ 

ABOUT  BOOKS  AND  PERIODICALS. 


Readers  will  find  in  the  Overland  Monthly  for  October  a 
very  interesting  description  of  the  new  Leland  Stanford  Uni- 
versity, its  foundation  and  objects.  Other  articles  are  on  the 
Fruit  Canning  Industry  in  California  ;  the  first  Public  School 
in  California  ;  the  Chinese  Army,  and  the  Olive  in  America. 
The  last-named  paper  shows  the  possibilities  of  olive  culture 
and  the  extent  to  which  it  has  been  undertaken  on  the  Pacific 
Coast.  Besides  the  articles  named  there  are  several  short 
stories  and  sketches,  some  of  them  very  good. 

Perhaps  the  more  striking  articles  in  the  Eclectic  for  October 
are  Sir  Alfred  Lyall's  on  Frontiers,  from  the  Nineteenth  Cen- 
tury;  Mr.  Christie  Murray's  on  Australia,  from  the  Contem- 
porary Review ;  Colonel  Knollys'  on  the  Diamond  Mines  of 
South  Africa,  from  Blackwood's  Magazine,  and  one  on  Electri- 
cal Evaporation,  from  the  Saturday  Review.  Other  articles 
given  in  this  number  are  from  Temple  Bar,  the  Westminster 
Review,  the  Fortnightly  Review,  the  New  Review,  the  National 
Review,  the  Spectator,  and  the  Athemcum,  showing  a  wide  range 
of  choice. 

The  September  number  of  the  Bulletin  of  the  American 
Geographical  Society  has  papers  on  the  Native  Copper  of 
Michigan,  by  E.  B.  Hinsdale  ;  on  the  Flooding  of  the  Colorado 
Desert,  by  B.  A.  Cecil  Stephens  ;  on  Northern  Mexico,  by 
Carl  Lumholtz,  and  very  careful  reviews,  by  George  C.  Huil- 
but,  of  Buttikoffer's  Liberia  and  Garcia  Cubas'  Mexico.  The 
Notes  include  an  account  of  the  International  Geographical 
Congress  at  Berne. 

Among  the  topics  discussed  in  the  Arena  for  October  are 
Healing  through  the  Mmd  ;  Weak  Spots  in  the  French  Repub 
lie  ;  Leaderless  Mobs  ;  Theosophy  ;  Nationalism,  and  the 
Microscope.  This  list  does  not  include  all  the  articles,  bui 
only  the  leading  ones.  No  other  magazine  discusses  such 
topics  or  with  so  much  freedom  as  this,  which  has  well  earned 
its  name. 

In  the  Compass  for  October  there  are  articles  on  Linear 
Measurements  in  the  Field,  on  the  Plain  Transit,  on  Instru 
ment  Adjustments,  and  on   Speedy   Calculators.      The   very 
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interesting  article  on  Series  of  Numbers  is  continued,  the  pres- 
ent part  showing  the  application  of  the  principles  treated  in  the 
ariicle  in  the  slide-rule. 

The  paper  formerly  known  as  the  Journal  of  Car  Heating 
hus  taken  a  new  departure,  and  will  hereafter  be  known  as  the 
R  MLROAD  Car  Journal.  Its  field  will  be  somewhat  extended, 
as  expressed  in  the  new  title,  and  will  include  the  construction 
and  operation  of  cars,  as  well  as  their  heating  and  lighting.  It 
is  a  well-edited  paper,  and  the  October  number — the  first  under 
the  new  name — presents  much  interesting  matter  We  wish 
our  contemporary  all  success. 

Among  the  books  now  in  preparation  by  John  Wiley  &  Sons, 
New  York,  are  the  Manual  of  Mining,  by  Professor  M.  C. 
Ililseng,  of  Golden,  Col.,  a  high  authority.  The  same  firm 
have  also  in  hand  Mr.  J.  G.  A.  Meyer's  book  on  Modern 
Locomotive  Construction,  an  enlargement  of  the  articles 
published  in  the  American  Machinist  last  year. 

The  Popular  Science  Monthly  for  November  contains 
Mr.  Durfee's  final  paper  on  the  Manufacture  of  Steel.  Mr. 
Carroll  D.  Wright  continues  his  Lessons  from  the  Census,  and 
Professor  Goodale  tells  of  some  of  the  possibilities  of  Economic 
Botany.  Professor  Henderson's  paper  on  University  Exten- 
sion describes  the  latest  educational  movement  of  importance. 

Among  the  books  announced  for  early  publication  by  Harper 
&  Brothers,  New  York,  are  Mr.  Theodore  Child's  Spanish 
American  Republics.  The  papers  by  Mr.  Child  in  Harper  s 
Magazine  attracted  much  attention,  and  in  book  form  they  will 
be  of  permanent  value.  Another  work,  which  will  interest 
military  men,  is  the  Writings  and  Memoirs  of  Field  Marshal 
Von  Moltke,  prepared  from  the  voluminous  records  left  by  the 
great  soldiers. 

The  Mississippi  National  Guard  is  described  by  Lieutenant 
R.  K.  Evans  in  Outing  for  October.  The  Indian  Territory, 
the  Pacific  Coast,  the  Eastern  Seaboard,  the  Upper  Peninsula 
of  Michigan,  and  the  Rocky  Mountains  all  find  place  in  its 
articles  of  travel  and  sport.  No  magazine  has  made  so  great 
an  improvement  in  its  illustrations  recently  as  Outing,  both  in 
number  and  quality.  In  the  October  number — in  Studies  in 
Black — there  are  three  cuts  which  are  by  far  the  best  repre- 
sentations of  negro  children  we  have  ever  seen  in  print ;  and 
there  are  other  illustrations  which  deserve  special  commenda- 
tion. 

The  Northwestern  Mechanic,  published  in  Minneapolis, 
has  been  transferred  to  Messrs.  Cooper  &  Hampton,  who  pro- 
pose to  make  it  a  journal  which  will  record  the  progress  of 
mechanical  engineering  generally,  following  no  special  field. 
With  the  change  many  improvements  are  to  be  made. 

The  Locomotive  Engineer,  which  has  been  for  some  time 
issued  by  the  American  Machinist  Publishing  Company,  has 
been  sold  by  that  Company  to  Messrs.  Angus  Sinclair  and 
John  A.  Hill.  Mr.  Hill  has  been  connected  with  the  paper  for 
some  time,  and  Mr.  Sinclair  is  well  known  as  Editor  of  the 
National  Car-Builder  and  Secretary  of  the  Master  Mechanics' 
Association.  The  Locomotive  Engineer  has  always  been  an 
excellent  paper,  bright  and  lively,  and  under  the  new  manage- 
ment it  cannot  fail  to  improve. 

The  final  article  of  the  Steamship  Series  in  Scribner's  Maga- 
zine appears  in  the  November  number  ;  it  is  by  John  H. 
<^"'Ould,  and  is  on  the  Ocean  Steamer  as  a  Freight  Carrier.  The 
French  Trans-Saharian  project  is  described  in  another  paper 
by  M.  Napoleon  Ney,  and  Lieutenant  A.  B.  Wyckofi  writes  of 
tile  Naval  Apprentice  System.  Among  other  articles  are  papers 
i>y  Mr.  Carl  Lumholtz  on  his  explorations  in  the  Sierra  Madre 
in  Mexico,  and  by  Alfred  Deakin  on  the  Federation  of  Aus- 
tralia. 


In  the  number  of  Harper's  Weekly  for  October  3  there  was 
an  illustrated  description  of  the  opening  of  the  St.  Clair  Tun- 
nel ;  also  of  some  of  the  sailing  ships  of  large  carrying  capacity 
lately  built.  The  previous  number  had  an  interesting  account 
of  the  cable  road  on  Broadway  in  New  York.  In  the  issue  for 
October  10  the  work  of  the  Agricultural  Department's  rain- 
makers in  the  Southwest  is  described  and  illustrated,  and  there 
is  also  an  account  of  the  improvements  in  progress  in  the  Dela- 
ware River  navigation.  In  the  number  for  October  17  the 
French  cod  fisheries  in  Newfoundland  are  illustrated. 


SOME  CURRENT  NOTES. 


Since  the  article  in  the  October  number  of  the  Journal 
(page  455),  on  the  increased  strength  obtained  by  oil- 
tempering  and  annealing  steel  forgings,  was  published, 
we  have  received  particulars  of  another  test.  In  this  case 
a  steel  crank-pin  was  taken,  the  chemical  analysis  being 
as  follows  :  Carbon,  0.050  ;  manganese,  0.060  ;  silicon, 
0.150  ;  phosphorus,  0.035.  A  specimen  \  in.  in  diameter 
and  2  in.  between  marks,  cut  longitudinally  from  the  pin, 
after  treatment  stood  the  following  tests  :  Tensile  strength, 
112,040  lbs.;  elastic  limit,  61,170  lbs.;  elongation,  20.55 
per  cent.;  contraction  of  area,  45.53  per  cent.  These  are 
notable  results. 


The  Committee  on  Safety  Appliances  appointed  at  the 
last  yearly  Convention  of  Railroad  Commissioners  will 
hold  a  meeting  November  10  next,  at  10  a.m.,  in  the  rooms 
of  the  Chamber  of  Commerce,  No.  34  Nassau  Street,  New 
York,  to  consider  the  subject  of  safety  appliances,  in  ac- 
cordance with  the  resolutions  adopted  at  the  Convention, 
which  instructed  the  Committee  to  urge  upon  Congress 
the  need  of  legislation  for  the  adoption  of  uniform  safety 
couplers  and  train  brakes. 

The  Committee  specially  request  that  all  organizations 
of  railroad  employes  and  officials  have  representatives 
present  to  give  their  views  on  the  subject  of  Federal  regu- 
lation of  safety  appliances  on  railroads. 

The  Committee  consists  of  the  following  Commissioners  : 
George  C.  Crocker,  of  Massachusetts  ;  James  C.  Hill,  of 
Virginia  ;  Spencer  Smith,  of  Iowa  ;  William  E.  Rogers, 
of  New  York  ;  John  H.  King,  of  South  Dakota.  The  Sec- 
retary is  Mr.  Edward  A.  Moseley,  of  the  Interstate  Com- 
merce Commission. 


One  of  the  largest  relief  maps  in  the  world  has  been 
prepared  by  Professor  Edwin  E.  Howell,  of  Washington, 
from  data  furnished  by  the  United  States  Coast  and  Geo- 
detic Survey.  It  represents  the  United  States,  and  is 
molded  on  a  section  ot  a  globe  133  ft.  in  diameter  ;  the 
map  itself  is  6  ft.  6  in.  x  4  ft.  in  size.  The  horizontal 
scale  is  i  in.  =  50  miles,  and  the  vertical  scale  i  in.  =  5 
miles. 


Work  is  to  be  actually  begun  on  the  first  elevated  rail- 
road in  Philadelphia  intended  solely  for  city  travel.  This 
is  the  Northeastern  Line,  which  is  to  run  from  Market 
Street  northward  to  Frankford.  A  contract  has  been  let 
for  the  building  of  the  road  from  Market  Street  to  the 
corner  of  Amber  and  Norris,  and  bids  are  in  for  the  rest. 
The  structure  will  be  similar  to  the  Sixth  Avenue  Line  in 
New  York,  the  tracks  being  carried  on  girders  extending 
across  the  street  and  resting  on  pillars  placed  at  the  edge 
of  the  sidewalk.  The  Phcjenix  Bridge  Company  is  to  build 
the  road. 


An  important  dam  across  the  Androscoggin  River  at 
I   Rumford  Falls,  Me.,  has  just  been  completed.     Its  object 
I   is  to  improve  the  water-power  at  that  point.     This  dam  is 
j  440  ft.  long,  56  ft.  wide  at  the  bottom,  and  about  20  ft. 
I   high.     It  is  built  of  large  timbers  laid  up  in  crib-work  and 
the  cribs  filled  with  stones  and  covered  with  4-in.  hard- 
wood plank.     On  the  up-stream  side  the  structure  is  cov- 
ered with  gravel,  and  on  the  down-stream  side  it  is  pro- 
tected by  a  broad  apron  of  heavy  planking.     The  head- 
gates  are  set  in  masonry. 
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One  of  the  largest  irrigation  systems  in  this  country  is 
in  the  Pecos  Valley  in  New  Mexico.  It  already  includes 
120  miles  of  main  canals  and  loo  miles  of  laterals,  and 
plans  have  been  prepared  for  extensions  which  will  irri- 
gate 160,000  acres  of  land.  The  water  is  taken  from  the 
Pecos  River  and  the  Rio  Hondo,  and  a  large  storage  reser- 
voir has  been  established  on  the  Pecos,  where  a  lake  seven 
miles  long,  if  miles  wide,  and  holding  about  1,000,000,000 
cub.  ft.  ot  water  has  been  formed.  The  dam  here  is  40 
ft.  high,  175  ft.  wide  at  the  base,  and  1,140  ft.  long.  It  is 
chiefly  of  limestone  and  has  on  the  upper  ^ace  a  layer  of 
earth  6  ft.  thick,  covered  with  riprap.  The  main  canal 
from  this  reservoir  is  7  ft.  deep,  45  ft.  wide  fU  bottom  and 
70  ft.  at  the  top. 

Some  important  tests  are  in  progress  at  the  Army  prov- 
ing ground  at  Sandy  Hook.  They  include  those  of  the 
lo-in.  guns,  of  the  new  mortars,  and  of  the  pneumatic  dis- 
appearing carriage  for  the  lo-in.  gun.  The  greatest  delay 
in  the  trials  so  far  has  been  caused  by  the  difficulty  in 
getting  a  full  supply  of  powder. 

The  proposed  tests  of  American  steel  armor-plates  have 
been  delayed  a  little  by  lateness  in  delivery,  but  are  ex- 
pected to  be  made  in  November.  One  object  will  be  to 
determine  the  advantages  of  nickel  alloy  in  steel  and  of 
the  Harvey  process  of  treatment. 


It  is  now  stated  that  Mr.  Edison  has  devised  a  new  elec- 
tric motor,  which  will  do  away  with  the  objectionable  over- 
head wire  entirely,  the  electrical  current  being  sent 
through  the  rails.  We  are  also  told  that  this  motor  can 
be  applied  on  long  lines,  and  a  speed  of  at  least  too  miles 
an  hour  is  promised  us.  Mr.  Edison  hopes  soon  to  be 
ready  to  test  this  motor  in  actual  service. 

The  total  freight  movement  through  the  Sault  Ste, 
Marie  Canal  in  September  was  1,388,333  tons,  showing  an 
increase  of  8|  per  cent,  over  September,  1890,  notwith- 
standing the  fact  that  there  was  a  decrease  of  10  per  cent. 
in  the  iron  ore  traffic.  The  variety  of  the  traffic  will  be 
seen  from  the  statement  that  the  leading  items  of  freight 
were  621,316  tons  of  iron  ore,  351,517  tons  of  coal,  548,115 
barrels  of  flour,  and  5,928,840  bushels  of  wheat. 

On  October  i,  according  to  the  tables  of  the  American 
Manufacturer,  there  were  305  furnaces  in  blast  having  a 
weekly  capacity  of  180,818  tons  ;  an  increase  of  i  per 
cent,  in  number  of  furnaces,  and  of  3^  percent,  in  capacity 
during  the  month.  As  compared  with  October  i,  1890, 
there  was  a  decrease  in  the  number  of  furnaces  at  work, 
but  an  increase  of  4.035  tons,  or  2 J  per  cent.,  in  capacity. 
The  increase  has  been  largely  in  Southern  furnaces. 


5  The  water  has  been  let  into  the  second  section  of  the 
Manchester  Ship  Canal,  extending  from  Ellesmere  Port  to 
the  mouth  of  the  River  Weaver,  a  distance  of  seven  miles. 
There  is  now  a  waterway  in  the  canal  for  11  miles,  from 
Westham  Marsh  locks  to  the  Weaver  River,  and  vessels 
bound  for  the  upper  Mersey  pass  through  it.  The  ac- 
companying sketch,  from  Industries,  shows  the  completed 


portion  of  the  canal,  which  is  shaded  in  the  plan,  the  un- 
finished portion  being  also  shown,  unshaded.  On  the  in- 
complete sections,  however,  a  large  part  of  the  work  has 
been  done. 


The  reports  of  the  consulting  engineers  of  the  New 
York  Rapid  Transit  Commission  have  been  made  public. 
The  engineers — Messrs.   Octave  Chanute,   John    Bogart, 


Theodore  Cooper,  and  Joseph  M.  Wilson— present  sepa 
rate  reports,  none  of  them  fully  approving  either  of  the 
plans  before  the  Commission.  Mr.  Chanute's  report, 
which  is  especially  full  and  minute,  recommends  a  com- 
bination of  the  parallel  and  separate  tunnel  plans,  with 
some  changes  to  secure  greater  facilities  in  operating  the 
proposed  lines. 

The  race  between  the  steam  launches  Norivood  and 
Vamoose — for  each  of  which  the  claim  to  be  the  fastest 
vessel  in  the  world  has  been  put  forward — has  been  post- 
poned on  account  ot  an  accident  to  the  Norwood,  so  that 
the  question  of  their  respective  speed  must  remain  unde- 
cided for  the  present.  Both  boats  are  simply  racing 
machines,  being  of  no  use  even  for  pleasure  boats,  since 
the  engines  and  boilers  occupy  all  the  available  space,  so 
that  the  contest  between  them  will  be  of  no  practical  ser- 
vice— except,  perhaps,  to  show  how  great  a  weight  of 
machinery  a  small  boat  can  be  made  to  carry. 

Some  carefully  prepared  statements  as  to  the  cost  of 
operating  street  railroads  were  submitted  to  the  Street 
Railroad  Association  recently.  According  to  these,  the 
cost  of  carrying  each  passenger — taking  the  average  of  a 
number  of  roads  of  each  class — was  3.55  cents  with  elec- 
tric motors  ;  4.18  cents  with  horses,  and  3.22  cents  on 
cable  roads.  Including  interest  on  cost  of  road,  the  aver- 
ages were  :  On  electric  roads,  4.53  cents  ;  with  horses, 
4.98  cents  ;  on  cable  roads,  4.77  cents.  The  great  differ- 
ence is  on  the  cable  roads,  when  interest  charges  on  a 
costly  plant  are  included.  That  a  cable  road  is  by  far  the 
highest  in  first  cost  everyone  knows  ;  that  it  is  not  the  best 
fitted  for  a  city  where  there  is  large  traffic,  many  will  be 
disposed  to  doubt. 

The  London  Iron  says  that  the  firm  of  Esscher,  Wyss  & 
Company,  of  Zurich,  Switzerland,  have  completed  a  launch 
20  ft.  long  and  5  ft.  wide,  driven  by  a  2-H.P.  naphtha 
motor.  The  peculiarity  of  this  boat  is  that  she  is  built 
entirely  of  aluminum,  even  to  the  engines  and  propeller, 
being  the  first  vessel  in  the  world  so  constructed.  She 
has  made  one  or  two  successful  trial  trips. 

The  railroads  of  the  Argentine  Republic  are  in  a  bad 
condition,  owing  to  the  general  depression  of  business  in 
that  country,  and  in  part  also  to  the  refusal  of  foreign 
boards  of  directors  to  reduce  rates  or  accommodate  the 
management  in  any  way  to  the  present  state  of  affairs. 
Under  these  conditions  the  Government  is  already  called 
upon  to  make  large  payments  under  the  guarantees  given 
to  some  of  the  companies,  while  further  sums  will  soon  be 
required.  The  foreign  control  of  the  roads  is  really  prov- 
ing at  present  a  serious  injury,  both  to  the  country  and  to 
the  railroads  themselves. 


In  the  Columbian  Exhibition  at  Chicago  England  and 
Germany  have  each  secured  an  equal  space,  40,000  sq.  ft., 
for  machinery  exhibits. 

The  Illinois  exhibit  will  include  a  number  of  topographi- 
cal maps,  specially  prepared  for  this  purpose.  One  will 
show  the  water-courses  and  another  the  railroads,  in  addi- 
tion to  the  general  topography. 

The  old  Hackworth  engine  Samson,  now  in  Nova  Scotia, 
will  be  in  the  Department  of  Transportation,  with  a  fac- 
simile of  a  passenger  car  of  1832. 

Mr.  Willard  A.  Smith  made  an  excellent  address  in 
behalf  of  the  Transportation  exhibit  before  the  Superin- 
tendent's Association. 


RAPID  TRANSIT  IN  NEW  YORK. 


The  Rapid  Transit  Commissioners — Messrs.  William 
Steinway,  John  H.  Starin,  Samuel  Spencer,  John  H. 
Inman  and  Eugene  L.  Bushe — who  have  been  considering 
the  question  of  new  passenger  lines  in  New  York  lor  some 
months,  made  their  report  public  on  October  20.  As 
anticipated  by  previous  partial  statements,  it  recommends 
a  line  from  the  Battery  northward  under  Broadway  to 
Union  Square  (14th  Street),  where  this  main  trunk  is  to 
divide,  the  western  branch  proceeding  under  Broadway 
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;ind  its  continuation,  the  Boulevard,  to  Spuyten  Duyvil 
Creek  near  Kingsbridge  and  thence  northward  to  the  city 
line.  The  eastern  branch  will  run  from  Union  Square 
under  Fourth  and  Madison  avenues  to  96th  Street  and 
thence  through  private  property  between  the  avenues  to 
the  Harlem  River,  and  crossing  the  river,  continue  north- 
ward to  Jerome  Park. 

From  the  Battery  to  City  Hall  three  tracks  are  pro- 
posed ;  at  City  Hall  a  loop  line  will  be  introduced,  so  that 
trains  can  be  turned  there  without  reversing  them.  From 
that  point  northward  to  Union  Square  there  will  be  four 
tracks  in  tunnel,  and  on  the  west  side  this  four-track  tun- 
nel will  continue  to  121st  Street.  At  that  point  there  is  a 
sharp  depression  of  the  surface,  and  the  line  will  be  con- 
tinued on  a  viaduct  to  1 56th  Street,  where  it  will  again  enter 
a  tunnel  for  a  short  distance,  and  the  extension  to  the  city 
line  will  be  alternately  on  viaduct  and  in  tunnel,  accord- 
ing to  the  nature  of  the  surface.  The  four  tracks  will 
continue  to  the  Spuyten  Duyvil  crossing,  from  which  point 
there  will  be  two  tracks  only. 

On  the  east  side  hne  the  viaduct  construction  will  begin 
at  96th  Street  and  continue  to  the  Harlem  River,  but 
north  of  that  point  the  road  will  be  for  some  distance 
underground  and  then  alternately  tunnel  and  viaduct,  as 
the  surface  is  undulating.  On  this  line  also  four  tracks 
are  proposed  to  the  Harlem  River  and  two  tracks  beyond 
it. 

Perhaps  a  fuller  explanation  will  be  given  by  the  follow- 
ing extract  from  the  report  of  the  Commission  itself : 

HOW  CONSTRUCTED. 

The  general  plan  of  construction  of  the  loop  under  Battery 
Park,  State  and  Whitehall  streets  shall  be  double  track  ;  from 
the  Morris  Street  junction  to  near  Vesey  Street  shall  be  three 
parallel  tracks  on  the  same  level,  with  switable  switches  and 
connections  between  them  ;  from  Vesey  Street  to  190th  Street, 
on  the  west  side  line,  shall  be  four  parallel  tracks  on  the  same 
level,  and  thence  across  the  Government  ship  canal  and  Spuy- 
ten Duyvil  Creek  to  the  city  limits  shall  be  two  parallel  tracks 
on  the  same  level.  On  the  east  side  line  from  14th  Street  to 
the  Harlem  River  shall  be  four  parallel  tracks  on  the  same 
level,  and  thence  to  the  city  limits  shall  be  two  parallel  tracks 
on  the  same  level.  The  tunnels  shall  be  not  less  than  11  ft. 
6  in.  in  height  in  the  clear,  and  11  ft.  in  width  for  each  track. 
Whenever  necessary  for  the  proper  support  of  the  surface  of 
the  street,  the  roof  of  the  tunnel  shall  be  of  iron  girders,  with 
solid  plate  iron  covering,  supported  by  suitable  iron  columns 
between  each  of  the  tracks,  and  supporting  walls  on  the  out- 
side. The  roof  of  the  tunnel  shall  be  as  near  the  surface  of  the 
street  as  the  pipes  and  underground  structures  now  laid  therein 
and  the  street  grades  will  permit.  Viaducts  shall  be  of  masonry 
or  iron,  or  both  combined.  The  Government  ship  canal  and 
the  Harlem  River  shall  be  crossed  by  double  track  drawbridges 
not  less  than  50  ft.  in  the  clear  above  mean  high-water  mark, 
with  clear  spans  of  not  less  than  125  ft.  between  the  center 
piers  and  bulkhead  line. 

NORTH  OF  THE  HARLEM. 

North  of  the  Harlem  River  the  construction  shall  be  by 
viaduct,  depressed  structure  and  tunnel  as  the  grades  of  the 
land  upon  the  proposed  routes  shall  require.  The  junction  of 
the  tracks  near  14th  Street  shall  be  effected  by  dividing  them 
around  Union  Square,  raising  one  pair  and  depressing  the 
other,  so  that  trains  going  in  opposite  directions  shall  not  cross 
on  the  same  level.  All  station  approaches  shall  be  as  far  as 
possible  through  private  property  to  be  acquired  for  that  pur- 
pose, except  that  on  the  Boulevard  station  approaches  may  be 
in  the  center  of  the  street. 

A  footway  shall  be  provided  the  whole  length  of  the  line 
between  the  center  tracks,  and  refuge  niches  shall  be  built  in 
the  side  walls  at  proper  intervals  for  the  convenience  and  pro- 
tection of  employes. 

The  motive  power  shall  be  electricity  or  some  other  power 
not  requiring  combustion  within  the  tunnel  ;  and  the  motor  or 
motors  shall  be  capable  of  a  uniform  speed  for  long  distances 
of  not  less  than  40  miles  per  hour,  exclusive  of  stops. 

The  manner  of  construction  from  South  Ferry  to  about  34th 
Street  shall  be  by  underground  tunneling  without  disturbing 
,the  surface  of  the  street.  In  case  of  necessity  the  excavations 
below  Beaver  Street  and  in  the  neighborhood  of  Canal  Street, 
and  at  such  other  special  points  as  this  Commission  may  during 
the  progress  of  the  work  determine,  may  be  made  by  excava- 
tion from  the  street  surface,   and  all  excavations   in   Fourth 


Avenue,  above  14th  Street,  and  in  all  other  streets  and  avenues 
above  34th  Street  may  be  made  in  the  same  manner. 

THE    KATTERY    LOOP. 

A  loop  at  Battery  Park  is  adopted  as  furnishing  the  best  and 
most  convenient  method  for  the  terminal  handling  of  the  trains, 
both  way  and  express. 

The  three-tracks  between  Bowling  Green  junction  and  Vesey 
Street  provide  amply  for  the  volume  of  traffic  l>elow  the  City 
Hall,  and  avoid  encroachment  beyond  the  curb  line  in  Broad- 
way at  its  narrowest  points. 

The  introduction  of  a  loop  at  City  Hall  Park  by  which  trains 
may  be  stopped,  turned  and  despatched  up-town  continuously 
and  without  switching  and  without  grade  crossings,  for  trains 
in  opposite  directions,  furnishes  the  best  means  of  a  second 
downtown  terminus  at  the  most  important  point,  and  the  best 
means  of  connecting  with  the  Brooklyn  Bridge. 

At  Union  Square  a  system  of  tracks  has  been  devised  by 
which  all  trains  on  the  Broadway  and  Madison  Avenue  line  are 
accommodated  at  a  single  station,  and  all  grade  crossings 
between  trains  in  opposite  directions  are  avoided,  thus  facili- 
tating high  speed  and  eliminating  in  the  best  manner  possible 
the  dangers  and  delays  incident  to  such  crossings. 

At  96th  Street  the  contour  of  the  ground  necessitates  the 
termination  of  the  tunnel.  It,  therefore,  became  necessary  10 
deflect  the  line  from  Madison  Avenue  and  occupy  private  prop- 
erty, thence  to  the  Harlem  River,  on  account  of  the  prohibition 
in  the  Rapid  Transit  act  against  the  use  of  Madison  Avenue 
for  an  elevated  structure. 

The  stations  on  the  route  selected  have  not  been  located,  for 
the  reason  that  the  Board  was  advised  that  they  constitute  part 
of  the  detailed  plans  which  the  Commission  are  required  to 
complete  after  the  general  plan  shall  have  received  approval. 

Detailed  plans  and  specifications  for  the  construction  of  the 
railroad,  including  stations,  devices,  and  appurtenances  deemed 
necessary  to  secure  the  greatest  efficiency,  public  convenience, 
and  safety  will  be  prepared  by  the  Commission  in  accordance 
with  the  provisions  of  the  act,  if  this  report  is  approved. 

NOT  LIMITED  BY  METHODS. 

The  Commission  make  no  recommendations  as  to  the  method 
of  construction.  These  matters  the  Commission  will  deem  it 
wise  to  leave,  so  far  as  permitted  by  the  act,  to  the  judgment 
of  the  purchaser,  subject  always,  as  the  act  requires,  to  the 
control  of  this  Board.  The  particular  shield,  if  any,  to  be  used 
in  excavating  under  the  streets,  the  details  as  to  materials  and 
form  of  walls  and  other  interior  surface  should,  as  far  as  con- 
sistent with  the  requirements  of  the  act,  be  subject  to  his  selec- 
tion. Any  attempted  determination  of  the  method  of  construc- 
tion in  advance  might  narrow  the  field  of  possible  competition 
to  such  an  extent  as  to  endanger  the  success  of  the  enterprise. 

When  the  Commission  decided  to  adopt  an  underground 
route  it  also  decided  that  the  motive  power  must  be  secured 
without  combustion  in  the  tunnel. 

Much  attention  has  been  devoted  to  the  consideration  of  elec- 
tricity as  a  motive  power.  Consultations  have  been  held  with 
eminent  electricians  ;  experiments  have  been  witnessed  ;  elec- 
tric roads  in  operation  have  been  examined. 

While  the  Board  is  convinced  that  electricity  as  a  motive 
power  is  available  for  the  purposes  of  the  railroad  recommended 
by  this  report,  it  is  not  deemed  wise  at  the  present  time  to 
exclude  other  forms  of  power  answering  the  essential  conditions 
of  speed  and  non-combustion  in  the  tunnel,  or  to  attempt  to 
direct  the  exact  method  of  application  of  such  power  as  shall 
finally  be  adopted. 

This  report  approves  and  presents  what  has  been  known 
as  the  Worthen  plan,  for  four  tracks  on  a  level,  as  opposed 
to  the  Parsons  plan,  by  which  two  tracks  for  express  trains 
were  to  be  placed  below  the  two  way  tracks,  in  separate 
tunnels.  The  deep-tunnel  plan,  which  proposed  a  line  50 
or  60  ft.  below  the  surface,  was  considered  and  rejected, 
for  reasons  given  in  the  report. 

This  report  is  submitted  under  the  law  to  the  Board  of 
Aldermen  ;  if  approved  by  that  body  the  Commission  will 
proceed  to  make  all  plans  required,  and  then  to  arrange 
tor  the  organization  of  a  company  to  build  the  road. 
After  a  corporation  is  formed  stock  subscriptions  will  be 
invited  in  the  usual  way.  It  will  be  seen,  therefore,  that 
there  is  still  much  to  be  done  before  the  plans  are  carried 
out. 

The  cost  of  building  the  lines  will  be  very  great,  but 
there  can  be  little  doubt  that  they  will  become  a  paying 
property  in  time.  There  is  certainly  no  doubt  that  public 
convenience  requires  them. 
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(Continued /rom  pa{;e  455.) 

The  article  on  spring  steel  is  still  necessarily  postponed. 
In  this  article  -we  will  treat  the  subject  of  Soap  and  De- 
tergent. 

The  necessity  for  some  control  over  the  soap  and  deter- 
gent used  on  a  railroad  is,  perhaps,  hardly  obvious  at  tirst 
sight,  but  as  the  subject  is  studied  more,  it  will  become 
evident,  we  think,  that  the  matter  is  one  of  a  good  deal  of 
importance,  and  that  a  good  deal  of  money,  in  one  way  or 
another,  leaks  away  if  soaps  and  detergents  of  the  right 
kind  are  not  used. 

It  is  perhaps  hardly  necessary  to  say,  since  the  matter 
is  one  of  so  common  knowledge,  that  soaps  in  general  are 
simply  soda  salts  of  various  organic  acids.  These  acids 
are  generally  obtained  from  fats  or  rosin.  Ordinary  fals, 
as  is  well  known,  and  as  has  frequently  been  explained  in 
the  course  of  these  articles,  contain  acids  combined  with 
glycerine.  This  is  true  to  a  greater  or  less  extent,  if  we 
may  trust  the  work  already  done  as  a  guarantee  for  the 
whole  ground,  of  all  the  fats,  whether  animal  or  vegetable 
— that  IS  to  say,  nearly  all  of  them  are  some  characteristic 
acid  or  acids  combined  with  glycerine  or  some  cognate 
body.  The  acids,  taken  as  a  whole  or  class,  have  been 
called  fat  acids,  since  they  are  characteristic  most  largely 
of  fats.  Of  course  a  scientific  classification  would  not 
group  them  all  together,  since  they  belong  to  several  differ- 
ent series  of  chemical  bodies. 

If,  now,  the  glycerine  in  any  of  tie  fats  is  replaced  by 
either  soda  or  potash,  a  resulting  compound  is  formed, 
which,  so  far  as  our  knowledge  goes,  is  soluble  more  or 
less  in  water,  and  this  compound  we  call  soap.  If  any 
other  base  than  soda  or  potash  is  used,  the  material  may 
or  may  not  be  soluble  in  water.  For  example,  if  lime  or 
magnesia  or  lead  or  zinc  is  used,  corresponding  lime, 
magnesia,  lead,  or  zinc  soap  is  formed,  some  ol  which 
have  raluable  properties  and  uses  in  the  arts.  They  are 
not,  however,  valuable  as  detergents.  A  soap  for  deter- 
gent purposes  is  practically,  therefore,  as  said  above,  a 
soda  or  potash  salt  of  some  one  or  more  of  the  acids  from 
fats  and  rosin.  This  seems  exceedingly  simple,  and  it 
would  seem  as  though  nothing  could  occasion  less  cause 
for  difficulty  than  a  soap  which  is  so  simply  and  easily 
made  and  is  such  a  simple  substance  in  itself.  Unfortu- 
nately, however,  in  the  actual  practice  of  making  soaps 
two  or  three  difficulties  arise.  First,  depending  on  the 
kind  of  acids  used,  and  whether  the  alkali  is  soda  or  pot- 
ash, the  soap  is  either  hard  or  soft.     The  potash  soaps 

•  The  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease,  Assistant  Chemist,  of  the  Pennsylvania  Railroad,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona. 

The  articles  will  contain  information  which  cannot  be  found  elsewhere. 
No.  I,  in  the  Jourmai.  for  December,  1889,  is  on  the  Work  of  the  Chemist  on  a 
Railroad;  No.  II,  in  the  January,  1890,  number,  is  on  Tallow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machiuery  to 
which  it  is  applied;  No.  Ill,  in  the  February  number,  and  No.  IV,  in  the 
March  number,  are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
in  the  May  number,  on  Petroleum  Products  ;  No.  Vll.  in  the  June  number, 
on  Lubricants  and  Burning  Oils;  No.  VIII,  in  the  July  number,  on  tlie 
Method  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  and 
Lubricating  Greases  ;  No.  X,  in  the  August  number,  on  Battery  Materials; 
No.  XI,  in  the  September  number,  on  Paints  ;  No.  XII,  in  the  October  num- 
ber, on  the  Working  Qualities  of  Paint  ;  No.  XIII,  in  the  December,  1890, 
number,  on  the  Drying  of  Paint  ;  No.  XIV,  in  the  February  number,  on  the 
Covering  Power  of  Pigments  ;  No.  XV,  in  the  April  number,  on  How  to  De 
»ig«  a  Paint  ;  No.  XVl,  in  the  May  number,  on  Paint  Specifications  ;  No. 
XVlI,  in  the  June  number,  on  ihe  same  subject  ;  No.  XVIII,  also  in  June, 
on  the  Livering  of  Paint  ;  No.  XIX,  in  the  July  and  August  numbers,  on  How 
to  Design  a  Paint  ;  No.  XX,  in  the  September  number,  on  Disinfectants  ;  No. 
XXI,  on  Mineral  W'ool,  and  No.  XXI 1,  on  Wood  Preservative,  both  in  the 
October /lumber.  These  chapters  will  b«  followed  by  others  on  differeNt  kinds 
of  railroad  supplies.  Managers,  superintendents,  purchasing  agents  and 
others  will  find  these  Co.ntributio.ns  to  Practical  Railroad  iNroRMA- 
TION  of  special  value. 


are  in  general  softer  than  the  soda  sdaps.  Fortunately  a 
soft  soap  is  usually  not  desired,  except  possibly  for  house- 
hold purposes,  and  as  potash  is  much  more  expensive  than 
soda,  potash  soaps  usually  are  not  made  for  the  market 
very  largely.  On  the  other  hand,  even  with  potash  and 
with  certain  kinds  of  fats  a  good  hard  soap  can  be  made. 
Still,  again,  if  certain  acids  are  used  and  soda  is  the 
alkali,  a  soap  too  soft  for  general  use  results,  so  that  the 
art  of  the  soap  maker,  so  far  as  material  is  concerned, 
consists  largely  in  first  of  all  using  the  cheaper  alkali — 
namely,  soda,  and  then  so  selecting  his  acids  that  a  soap 
of  the  proper  consistency  will  result.  It  is  just  here  that 
a  good  deal  of  difficulty  occurs.  Those  acids  which  will 
make  soaps  sufficiently  hard  are  more  expensive,  while,  on 
the  other  hand,  the  very  cheap  acids,  notably  rosin,  make 
a  soap  too  soft  for  general  use.  This  difficulty  of  making 
a  soap  cheaply  and  ^t  the  same  time  making  it  hard 
enough  has  led  to  a  modification  of  the  process,  which  is 
all  right  apparently  for  the  soap  maker,  but  which  is  all 
wrong  for  the  consumer.  It  has  been  found  by  experi- 
ment that  more  or  less  sal  soda,  otherwise  known  as  wash- 
ing soda  or  carbonate  of  soda,  put  into  a  batch  of  soap 
hardens  it,  so  that  if  such  materials  are  used  as  would 
give  a  soap  too  soft  for  ordinary  use,  the  presence  of  one 
or  two  or  three  per  cent,  of  sal  soda  will  sufficiently 
harden  that  soap  so  that  it  will  be  a  marketable  article. 
The  presence  of  this  sal  soda,  as  will  be  explained  a  little 
later,  is  one  of  the  causes  of  difficulty  in  the  use  of  soaps 
on  a  railroad. 

Many  of  the  soaps  of  the  market  likewise  contain  an- 
other element  which  is  a  matter  of  a  good  deal  of  annoy- 
ance in  their  use.  As  stated  above,  soaps  are  simply  a 
chemical  combination  of  caustic  alkali  with  fat  acids.  If 
the  acids  are  in  the  free  state  the  combination  takes  place 
very  readily,  the  alkali  being  put  in  water  solution  in  con- 
tact with  the  acids,  and  with  low  temperatures  the  com- 
bination takes  place  readily.  If  the  fat  acids,  however, 
are  still  combined  with  their  glycerine — which  is  the  case 
with  many  of  the  good  fats— the  saponification,  which 
consists  in  crowding  out  the  glycerine  by  the  soda,  takes 
place  more  slowly,  and  higher  temperatures  and  longer 
time  are  involved.  The  resulting  compound  of  soap,  even 
at  the  temperatures  of  manufacture,  is  a  viscous  material, 
and  it  is  a  matter  of  some  little  skill  to  get  the  last  traces 
of  the  fat  and  the  alkali  together.  This  difficulty  is  di- 
minished somewhat,  if  we  understand  the  matter  rightly, 
by  an  excess  of  alkali — that  is,  more  alkali  is  used  than  is 
absolutely  necessary  to  completely  saponify  the  fat.  Fur- 
thermore, it  is  claimed  by  some  soap  manufacturers  that 
they  cannot  sell  a  soap  unless  it  *'  takes  hold  "  pretty 
well,  as  it  is  called,  and  to  make  a  soap  pretty  vigorous  in 
its  action  leads  them  still  further  in  this  matter  of  adding 
an  excess  of  alkali.  It  is  this  excess  of  caustic  alkali, 
which  gets  into  the  soap  from  either  one  or  both  of  the 
above  causes,  which  makes  the  soap  so  detrimental  to  the 
consumer.  Two  things,  then,  in  soap  are  bad  for  the 
consumer — namely,  large  amounts  of  carbonated  alkali 
and  a  large  excess  of  caustic  alkali. 

Just  at  this  point  the  question  may  fairly  arise  why  it  is 
that  these  two  things  are  bad  for  the  consumer.  Is  it  not 
true,  it  may  be  asked,  that  all  the  detergent  action  is  due 
to  the  alkali  of  the  soap  anyhow,  and  what  harm  is  it  if 
there  is  a  little  excess  ?  We  hardly  feel  inclined  to  go 
into  a  discussion  of  the  action  of  soaps  as  detergents. 
Even  though  we  allow  that  the  cleansing  action  of  soaps 
is  due  to  the  alkali  which  they  contain,  and  all  our  knowl- 
edge seems  to  point  in  this  direction,  we  are  still  unpre- 
pared to  admit  that  the  excess  of  caustic  alkali  and  the 
presence  of  the  carbonated  alkali  is  advantageous,  and  for 
the  following  reasons. 

A  number  of  years  ago  a  car  on  the  Pennsylvania  Rail- 
road was  cleaned  on  the  outside  by  the  car  cleaners,  they 
removing  the  accumulation  of  dirt  arising  from  the  smoke 
and  cinders  which  had  collected  on  the  surface  of  the 
varnish.  This  car  was  required  for  a  special  purpose, 
and  accordingly  fell  under  the  eye  of  one  of  the  officers, 
who  noticed  that  the  car  looked  very  badly.  He  ordered 
the  car  sent  to  shop  for  an  examination  by  the  Foreman  of 
painters,  who  reported  that  the  varnish  had  practically 
been  ruined  by  the  car  cleaners  ;  that  in  their  zeal  to  get 
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the  dirt  off  they  had  taken  off  nearly  all  the  varnish.  The 
Foreman  of  car  inspectors  was  called  to  account  for  this 
abuse  of  detergent  materials,  since,  of  course,  it  is  a  very 
serious  matter  to  have  the  varnish  on  a  car  destroyed  dur- 
ing the  cleaning  operation.  This  foreman  replied  that  he 
could  not  do  better  with  the  soap  furnished  them.  He  was 
then  asked  for  a  sample  of  the  soap,  which  was  subjected 
to  analysis,  and  to  the  astonishment  of  all  interested,  the 
soap  was  found  to  contain  not  less  than  3.50  per  cent,  ex- 
cess of  caustic  alkali  and  about  7.50  per  cent,  carbonate 
of  soda.  This  was  somewhat  of  a  revelation,  but  the 
matter  did  not  rest  here.  A  number  of  soaps  were  then 
obtained  from  the  market  and  from  different  points  on 
the  road,  all  of  which  were  subjected  to  analysis,  and  it 
was  found  that  very  few  of  them  were  free  from  excess  of 
caustic  and  from  carbonated  alkali.  From  the  list  a  series 
could  be  culled  out  differing  from  each  other  in  excess  of 
caustic  and  carbonate,  and  from  these  samples  wafers 
were  cut  out  about  one  inch  in  diameter  and  an  eighth 
inch  thick.  A  direct  and  positive  experiment  was  then 
made  with  each  of  these  different  soaps,  to  see  what  the 
effect  was  on  the  vainish.  A  carefully  prepared  varnished 
surface  was  secured,  and  at  different  points  on  this  surface 
a  globule  of  witer  was  placed.  Over  the  tops  of  the 
globules  of  water  were  laid  the  wafers  above  mentioned 
in  the  series.  Each  separate  test  was  covered,  to  prevent 
evjrporation,  and  the  whole  thing  allowed  to  stand  until 
morning,  when  an  examination  was  m.ide.  At  one  end 
of  the  series  w.\s  a  soap  which  was  almost  absolutely 
neutral — that  is,  had  almost  no  excess  of  caustic  and  no 
carbonate.  At  the  other  end  of  the  series  was  the  very 
bad  soap  mentioned  above,  containing  a  large  excess  of 
caustic  and  a  good  deal  of  carbonate.  The  intermediate 
samples  varied  in  the  proportions. 

On  removing  the  wafers  of  soap  from  the  varnished  sur- 
face, it  was  found,  beginning  at  the  bad  end,  that  the  var- 
nish and  paint  had  all  been  dissolved  clear  down  to  the 
wood,  the  next  one  was  a  little  less  bad,  the  next  one  still 
less,  and  finally  at  the  end,  which  had  the  neutral  soap, 
•  he  action  was  slight,  not  even  reaching  through  the  var- 
nish, although  the  exposure  had  been  for  something  over 
twelve  hours. 

It  has  been  known  for  years  thai  both  paint  and  varnish 
are  readily  dissolved  by  caustic  alkali,  and  this  experi- 
ment was  relied  on  to  prove  that  the  use  of  soaps  in  prac- 
tice which  contain  large  amounts  of  free  alkali  and  large 
amounts  of  carbonated  alkali  are  detrimental. 

The  same  reasoning  applies  to  a  greater  or  less  extent 
to  the  use  of  soaps  for  the  toilet.  If  there  is  a  large  excess 
of  carbonated  and  caustic  alkali,  the  use  of  these  soaps 
will  usuaUy  result  in  detriment  to  the  surface  washed. 
Sore  hands  and  injury  to  clothing,  if  we  may  trust  our 
studies,  are  largely  due  to  the  use  of  soaps  containing  too 
great  an  excess  of  alkali,  either  free  or  carbonated. 

Just  at  this  point  it  is  essential,  we  think,  to  make  a 
clear  distinction.  We  think  there  is  very  little  doubt  but 
that  soap  containing  large  excess  of  caustic  alkali  and 
large  amounts  of  carbonated  alkali  may  be  used  in  such 
a  way  that  no  very  serious  detriment  will  result.  Chemi- 
cal action  takes  place  under  many  circumstances  in  pro- 
portion to  the  length  of  time  the  substances  are  in  con- 
tact. If,  now,  a  soap  rich  in  excess  of  caustic  alkali  and 
in  carbonated  alkali  is  used,  and  the  soap  is  left  on  the 
surface  only  a  short  time,  it  is  entirely  possible  the  deter- 
gent action  desired  may  be  obtained  without  the  deleteri- 
ous action  on  the  varnish.  Again,  in  washing  the  hands 
or  in  washing  clothing,  if  a  strong  solution  of  alkali  is 
not  kept  too  long  in  contact  with  the  hands  or  too  long  in 
contact  with  the  clothing,  no  serious  injury  will  result  ; 
and  especially  so  far  as  hand  and  face  washing  are  con- 
cerned, if  the  last  traces  of  alkali  are  removed  from  the 
surface  by  the  subsequent  operation  of  drying  the  hands 
and  face,  it  is  probable  no  serious  difficulty  will  result. 
Indeed,  we  are  inclined  to  the  view  that  even  pure  caustic 
alkali  in  not  too  concentrated  solution,  and  also  sal  soda 
solution  not  too  concentrated,  may  be  used  as  detergents 
without  any  injury  to  the  surfaces  cleansed.  The  unfor- 
tunate part  of  the  matter  is  that  it  is  simply  impossible  to 
get  such  intelligent  use  of  such  dangerous  materials  as 
will  not  result  in  great  loss  and  damage  to  the  surfaces 


cleaned.  We  are  free  to  confess  that  if  all  people  would 
use  soaps  or  even  sal  soda  and  caustic  soda  in  the  proper 
way,  the  detergent  action  desired  could  be  obtained  with- 
out serious  injury  to  the  surfaces  ;  but  we  have  never  seen 
any  car  cleaner,  or  any  laundry  women,  or,  indeed,  any 
person  washing  his  hands  and  face  who  is  willing  to  take 
the  requisite  care  to  use  these  powerful  detergents  in  such 
a  way  that  they  would  not  be  apt  to  cause  difficulty.  The 
whole  philosophy  of  soaps  is  such  a  modification  of  the 
detergent  action  of  the  alkalis  as  will  make  them  usable 
by  ordinary  people  without  danger  of  injury.  We  have 
accordingly  prepared  and  have  in  force  on  the  Pennsyl- 
vania Railroad  specifications  for  soap,  both  common  and 
toilet,  and  aim  in  these  soaps  to  secure  a  material  contain- 
ing the  least  possible  excess  of  caustic  alkali  and  as  little 
as  possible  of  the  carbonated  alkali. 

One  or  two  points  farther  in  regard  to  detergent  action. 
Soap  is  apparently  not  the  only  substance  that  has  deter- 
gent properties.  Glycerine  alone  is  a  fairly  good  deter- 
gent, at  least,  under  many  conditions,  and  we  have  made 
a  number  of  experiments  which  rather  indicate  that  sugar 
solution  in  a  moderately  concentrated  condition  is  likewise 
something  of  a  detergent.  The  well-known  glycerine 
soaps  are  examples  of  attempts  to  combine  with  the 
ordinary  soda  soap  the  detergent  properties  of  both  glycer- 
ine and  sugar.  Many  of  the  so-called  glycerine  soaps  in 
the  market  contain  both  glycerine  and  sugar,  most  com- 
monly sugar,  since  it  is  cheaper.  Not  all  the  transparent 
soaps,  if  we  may  trust  our  experiments,  are  glycerine 
soaps,  and  very  few  of  them  with  the  same  precaution — 
namely,  if  we  can  trust  our  experiments — contain  anything 
like  the  amount  of  glycerine  which  they  are  advertised  to 
contain.  In  view,  however,  of  this  possible  and  very  likely 
desirable  detergent  action  of  the  glycerine  and  sugar,  we 
prepared  our  specifications  so  as  to  admit  these  soaps,  and 
recognize  these  elements  as  detergents,  and  pay  for  them. 
It  should,  perhaps,  be  added  that  there  is  a  belief  in  gen- 
eral that  glycerine  on  the  hands  has  a  valuable  emollient 
and  soothing  influence,  preventing  the  skin  from  becoming 
rough  and  sore.  We  are  not  at  all  prepared  to  affirm  or 
deny  this  belief,  simply  mentioning  it  to  show  that  we 
recognize  this  as  one  of  the  possible  values  of  a  soap,  and 
that  consequently,  as  said  above,  we  have  prepared  our 
specifications  so  as  to  admit  glycerine  in  toilet  soaps. 

One  point  farther  in  regard  to  toilet  soaps.  We  do  not 
feel  willing  to  declare  that  all  soaps  which  give  sore  hands 
necessarily  contain  large  amounts  of  free  alkali,  or.  in 
other  words,  we  have  some  evidence  which  indicates  that 
soaps  which  are  unobjectionable  so  far  as  free  alkali  is 
concerned  cause  difficulty  with  the  hands.  On  the  other 
hand,  we  have  not  succeeded  in  finding  anything  in  the 
soaps  complained  of  which  would  explain  the  phenomenon, 
and  while  we  do  not  feel  willing  to  say  that  soaps  may  not 
contain  impurities  or  other  substances  besides  the  Iree 
caustic  alkali  which  affect  certain  skins  deleteriously,  we 
have  not  yet  succeeded  in  finding  these  substances  in  any 
of  these  soaps,  and  our  usual  explanation  has  been  that 
the  parties  who  complained  of  the  soap  failed  to  suffi- 
ciently dry  their  hands  after  washing. 

In  view  of  the  injurious  action  of  not  only  the  best  soaps, 
but  especially  soaps  which  contain  an  excess  of  caustic 
alkali  and  carbonated  alkali,  we  have  spent  some  time 
and  study  in  trying  to  find  some  detergent  or  some  method 
of  car  cleaning  which  would  be  less  in]urious  to  the  paint 
and  varnish.  Quite  a  number  of  materials  have  been 
offered  to  us  for  this  purpose.  Not  a  few  liquids  have 
been  recommended,  sometimes  under  high-sounding 
names,  as  proper  materials  to  use  for  the  cleaning  of  our 
cars.  We  have  carefully  examined  each  of  theje  sub- 
stances as  it  has  come  forward,  because,  as  will  readily  be 
recognized,  the  varnishing  of  cars  is  expensive,  and  it  is 
desirable  to  have  the  varnish  wear  as  long  as  possible,  and 
if  it  will  only  stand  one  or  two  cleanings,  the  cars  look 
badly  a  good  deal  of  the  time.  Most  of  the  liquid  deter- 
gents which  we  have  examined  contain  some  substance  as 
the  characteristic  one  which  dissolves  the  varnish.  We 
have  not  yet  succeeded  in  finding  one  which  did  not  do 
so.  Some  of  them  contain  ammonia,  and,  as  is  well 
known,  ammonia  dissolves  varnish  readily.  Some  of  them 
contain  caustic  soda  in  solution,  and  this  has  already  been 
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described  as  hurtful  to  varnish.  Some  of  them  contain 
nitro-benzol,  which  is  a  very  good  solvent  of  varnish,  and 
so  on.  It  is  fair  to  say  that  it  seems  almost  impossible  to 
think  of  any  method  of  cleaning  a  varnish  which  has  dirt 
lying  on  it  without  removing  at  the  same  time  a  portion 
of  the  varnish,  since  the  connection  between  the  dirt  and 
the  varnish  is  so  intimate.  What  is  desired  is  to  get  the 
dirt  off  and  leave  the  varnish  behind.  Of  course,  if  some 
solvent  was  known  which  would  dissolve  the  dirt  and 
would  not  dissolve  the  varnish,  the  problem  would  be 
solved.  Unfortunately  in  the  case  of  cars,  much  of  the 
dirt  is  either  mineral  matter  or  carbon  from  the  coal 
smoke  or  particles  of  coal  from  the  smoke-stack,  which 
have  impinged  against  the  varnish  so  tightly  as  to  imbed 
themselves,  and  for  these  substances  we  know  of  no 
solvent.  It  is  absolutely  essential,  therefore,  in  order  to 
clean  a  varnished  or  painted  surface,  that  a  small  amount 
of  the  surface  should  always  be  removed  with  the  dirt. 
The  problem  is  to  get  a  detergent  which  will  remove  the 
dirt  with  the  smallest  possible  injury  to  the  varnish. 

We  do  not  think  the  problem  of  successful  detergents 
for  varnish  cleaning  is  yet  solved,  but  we  have  obtained 
quite  satisfactory  results,  with  apparently  less  injury  to 
varnish,  than  accompanies  the  use  of  good  soap  by  the 
use  of  a  mixture  of  soap  and  tripoli  or  pulverized  pumice- 
stone.  The  soap  and  pulverized  pumice-stone  are  mixed 
in  the  proportions  of  about  three  parts  soap  to  seven  parts 
of  the  pulverized  pumice-stone,  and  the  whole  is  obtained 
in  the  form  of  a  powder.  We  buy  this  material  under  the 
name  of  "Detergent  for  Cleaning  Paint  and  Varnish," 
and  it  is,  or  should  be  used  in  the  dry  form  by  means  of 
a  wet  or  properly  dampened  cloth,  the  cloth  being  first 
dipped  into  the  supply  of  powdered  soap  and  tripoli  and 
then  applied  to  the  varnished  surface  with  friction.  In 
this  case  there  is  very  slight  solvent  action  of  the  varnish 
due  to  the. soap,  and  there  is  also  the  mechanical  action  of 
the  pulverized  pumice-stone  or  tripoli,  so  that,  if  the  mate- 
rial is  properly  used,  a  very  dirty  surface  can  be  cleaned 
almost  without  interfering  with  the  gloss  of  the  varnish, 
provided  the  tripoli  or  pumice-stone  is  sufticiently  fine. 
We  have  been  astonished  many  times  to  see  how  slight 
injury  the  varnish  receives  under  this  treatment,  and  how 
efficient  the  material  is  if  properly  used. 

The  whole  subject  of  cleaning  paint  and  varnish  needs 
more  study.  The  best  we  can  recommend  at  present  is 
the  detergent  provided  for  in  our  specifications,  and  next 
to  that  soaps  as  neutral  as  possible,  with  proper  care  in 
the  cleaning.  It  will  readily  be  noted  that  the  use  of  the 
detergent  mentioned  above  might  result  in  serious  injury 
to  the  varnish,  due  to  the  soap  present,  provided  it  was 
not  properly  used.  For  example,  if  the  material  was  put 
on  the  varnish  in  the  form  of  paste  and  allowed  to  stay 
there  for  a  period  of  time,  it  would,  of  course,  dissolve  the 
varnish  more  or  less.  If  used  properly,  as  above  de- 
scribed, the  injury  to  the  varnish  is  extremely  slight. 

In  view  of  the  discussion  above,  it  will  probably  be 
queried  why  we  are  so  particular  to  keep  mineral  matter 
out  of  our  common  and  toilet  soaps,  as  is  provided  for  in 
our  specifications.  To  this  we  will  say  that  the  prohibi- 
tion of  mineral  matter  in  soaps  is  more  a  commercial 
question  than  one  of  the  service.  We  provide  a  place  for 
the  use  of  large  amounts  of  mineral  matter,  and  do  not 
think  it  proper  to  allow  manufacturers  to  load  a  soap  with 
mineral  matter  as  a  make-weight. 

A  single  thought  further  in  regard  to  the  constitution  of 
soap.  It  is  quite  well  known  by  those  who  are  familiar 
with  the  process  of  soap  manufacture  that  common  salt 
removes  soap  from  water  solution,  which  means  that  soap 
is  not  soluble  in  salt  water.  It  is  accordingly  the  practice 
of  the  manufacturers  in  making  many  of  the  cheap  soaps 
to  add  at  the  last,  after  the  boiling  is  done,  quite  an 
amount  of  common  salt,  so  as  to  remove  the  water  from 
the  soap,  or  separate  the  soap  from  the  wat'er.  This  proc- 
ess, if  we  may  trust  our  determinations,  leaves  in  the  soap 
more  or  less  of  the  salt,  which  is  added  to  the  batch.  It 
is  possible  this  salt  has  a  little  tendency  to  harden  the 
soap,  but  we  are  not  sure  on  this  point.  We  do  know,  j 
however,  that  a  soap  containing  quite  a  large  amount  of  ! 
salt  is  inferior  as  a  detergent,  and  the  reason  is  not  diffi-  ' 
cult  to  sec.     The  salt  in  the  soap  mixes  with  the  water  \ 


when  the  soap  is  used,  and  prevents  the  soap  from  dis- 
solving in  the  water  as  readily  as  it  otherwise  would.  We 
have,  accordingly,  in  our  specifications  limited  the  amount 
of  salt  that  can  be  allowed.  Some  of  the  cheap  soaps  ol 
the  market  contain  not  uncommonly  3.00  per  cent.,  and 
sometimes  we  have  found  as  high  as  5.00  per  cent,  ot 
common  salt  in  the  soap. 

In  the  next  article  the  subject  of  soap  will  be  concluded. 
(to  be  continued.) 


A  SUGGESTION  FOR  COAST  DEFENSES. 


By  J.  C.  Little. 


The  great  extent  and  the  defenseless  condition  of  the  sea- 
coast  ot  the  United  States  make  the  question  of  sea-coast 
defenses  one  of  paramount  importance  to  the  nation.  We 
have  as  yet  no  navy  that  could  cope  with  the  monster 
iron-clads  of  Europe,  and  no  forts  that  could  resist  their 
fire.  The  maritime  cities  are  at  the  mercy  of  a  foreign 
fleet,  and  are  liable  to  be  called  upon,  in  case  of  war,  to 
pay  enormous  ransoms  as  the  price  of  safety  ;  the  forts, 
with  their  obsolete  works  of  stone,  are  really  but  traps  for 
our  soldiers,  and  our  national  ships  are  unable  to  cope 
with  first-class  men-of-war  in  action.  Our  main  defense 
as  yet  lies  in  the  torpedo  system,  and  that  has  to  be  tested 
in  war  before  it  will  be  possible  to  tell  how  far  it  can  be 
relied  on  to  defend  th«  coast  and  the  cities.  Forts  that 
are  strong  enough  to  stop  the  shot  of  a  Krupp  or  Arm- 
strong gun,  and  prepared  to  return  its  fire  with  the  lo-in. 
and  i2-in.  rifles  now  being  built  by  the  Government,  are 
an  indispensable  necessity  for  public  safety.  It  has  been 
demonstrated  that  stone  works  will  not  do  ;  steel  and  iron 
are  too  costly  for  such  extensirc  structures  as  large  forts  ; 
and  the  best  material  of  all  is  sand  or  clay,  since  that  will 
not  fly  into  fragments,  and  thus  redouble  the  destructive 
effects  of  the  shot  ;  while  stopping  the  most  powerful  pro- 
jectile is  simply  a  question  of  thickness.  How  great  that 
thickness  need  be  can  readily  be  determined  by  experi- 
ment. 

There  is  another  and  more  important  question  to  be 
considered  than  stopping  the  shot.  No  works  will  be  of 
permanent  service  if  their  guns  are  so  exposed  as  to  be 
readily  disabled  by  an  enemy's  fire.  It  is  essential  that 
the  works  should  be  so  planned  as  to  afford  the  minimum 
of  exposure  to  the  guns,  while  maintaining  the  efficiency 
of  their  fire. 

During  the  late  War  the  writer  was  the  Ordnance  Officer 
of  Fort  Fisher,  N.  C.  This  fort  was  not  an  enclosed 
work,  like  Fortress  Monroe  and  other  well-known  forti- 
fications, but  consisted  of  two  sides  of  a  roughly  shaped 
parallelogram,  the  south  and  west  being  open.  The  east 
side  faced  the  ocean,  and  the  north  side  fronted  upon  the 
narrow  strip  of  land  which  separates  the  Cape  Fear  River 
from  the  Atlantic.  This  latter  line  of  the  works  was  de- 
signed to  guard  against  an  attack  by  land  ;  and  it  was 
upon  this  front  that  the  fire  of  the  Federal  fleet  was  prin- 
cipally directed.  Their  fire  so  effectually  prepared  the 
way  for  the  troops,  that  when  the  assault  was  made  there 
was  but  one  gun,  out  of  20  or  30  mounted  on  that  line, 
that  remained  on  its  carriage  and  in  condition  for  use, 
the  others  having  been  dismounted  or  disabled  by  the 
accurate  fire  of  the  ships,  especially  that  of  the  monitors, 
which  lay  within  easy  range  to  the  northeast  of  the  fort. 
The  gun  that  escaped  was  steadily  fired  at  during  both 
bombardments,  and  while  the  gunners  found  no  difficulty 
in  striking  the  other  pieces,  they  tried  in  vain  to  disable 
this. 

All  these  guns  were  mounted  in  barbette.  The  muzzles 
of  all  the  others  being  backed  by  the  sky,  presented  as 
pretty  a  mark  as  any  gunner  could  ask  for,  and  afforded 
to  him  every  facility  for  following  the  flight  of  his  shot 
and  correcting  his  aim  ;  but  the  gun  that  escaped,  being 
backed  by  a  tall  traverse,  afforded  no  good  mark,  and  the 
shot  that  passed  near  it,  plunging  into  the  sand  of  the 
traverse,  gave  the  gunner  no  indication  how  he  should 
alter  his  aim. 

From  a  consideration  of  these  facts,  I  was  led  to  seek 
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out  their  reasons,  and  have  therefrom  deduced  a  plan  of 
works,  which  seems  to  me  to  give  the  result  desired,  viz  : 
The  minimum  of  exposure  to  the  gun  while  not  decreasing 
the  efficiency  of  its  fire.  The  materials  employed  in  con- 
struction are  always  and  everywhere  accessible,  being 
either  sand  or  clay,  whichever  may  be  most  convenient. 

I  consider  that  the  essential  points  to  be  attained  are 
First,  to  mask  the  gun,  and  second,  to  stop  the  shot  of 
the  enemy.  I  make  no  attempt  to  secure  a  plunging  frre, 
since  the  great  range  of  modern  guns  renders  the  attain- 
ment of  this  object  impracticable  where  the  ships  have 
open  water  and  the  beach  is  flat  ;  and  these  are  the  con- 
ditions at  most  of  the  locations  where  works  are  needed. 

In  this  article  I  show  only  the  general  plan.  The  details 
must  be  determined  by  experiment.  I  have  no  means  of 
ascertaining  the  depth  to  which  a  modern  gun  will  pene- 
trate sand  or  clay,  and  the  proportions  of  the  works  de- 
pend upon  this  factor.  The  works  should  be  thick  enough 
to  stop  a  shot  fired  from  any  distance  at  which  a  fleet  is 
likely  to  engage.  The  plan  is  drawn  with  an  angle  of 
slope  of  15°,  which  gives  a  proportion  of  height  to  base  of 
about  5  to  19,  or  an  elevation  of  about  25  in  a  distance  of 
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95  ft.  Greater  thickness  can  be  secured  either  by  dimin- 
ishing the  angle  of  slope  or  by  increasing  th«  height  of 
the  works. 

As  shown  in  the  plan,  the  proposed  fortifications  consist 
of  two  lines  of  works,  A  and  B,  separated  by  a  protected 
passage-way,  F  P,  which  should  be  wide  enough  to  allow 
the  use  of  carts  and  wagons.  The  outer  line  A  is  for  the 
guns  which  are  mounted  in  barbette.  The  inner  line  B 
is  designed  to  mask  the  guns,  to  stop  the  shot  of  the 
enemy,  and  prevent  them  from  penetrating  to  the  interior 
of  the  fort,  and  to  afford  protection  to  the  guns  in  case  of 
an  assault. 

On  the  outer  works  are  the  gun-chambers  G  C,  armed 
with  one,  two,  or  three  guns  each,  as  circumstances  make 
most  advisable.  The  chambers  are  separated  by  traverses, 
T  r,  to  protect  the  guns  from  a  flank  fire.  The  closer 
together  and  the  longer  the  traverses  the  greater  the  pro- 
tection they  afford  the  guns,  and  the  less  the  lateral  range. 
The  proper  size  and  interval  must  be  determined  by  the 
requirements  in  the  case  of  each  particular  gun.  Under 
the  traverses  may  be  constructed  shot-rooms  5  R,  which 
may  be  on  the  level  of  and  open  into  either  the  protected 
passage  PP.  as  shown  in  the  plan,  or  the  gun-chamber 
at  the  corner  next  the  revetment.  The  shot-rooms  and 
revetments  should  be  faced  on  the  inner  side  with  soft 
iron  plates  or  other  material  which  will  not  splinter,  and 
which  will  hold  back  the  sand  and  prevent  it  from  running 
out  of  place. 

The  inner  line  B  is  much  thicker  and  higher.  The 
slopes  of  the  two  lines  are  in  the  same  straight  line,  to 
render  the  fire  of  the  defense  more  effective  in  case  of  an 
assault  upon  the  guns.     Sally-ports  S  P,  wherever  needed. 


afford  a  communication  between  the  interior  of  the  fort 
and  the  protected  passage  P  P.  At  the  outer  end  of  the 
sally-ports  a  steep  ridge  roof,  shown  by  the  heavy  dotted 
line  R  R,  crosses  the  passage,  so  steep  as  not  to  be  avail- 
able as  a  bridge  for  assaulting  troops.  There  are  sliding- 
doors  to  run  across  the  passage  and  close  the  sally-port. 
These  doors  are  pierced  with  loop-holes  for  rapid-fire 
guns,  to  sweep  the  passage.  The  eaves  of  the  roof  should 
project  2  ft.  or  3  ft.  to  prevent  sand,  dislodged  by  shell 
and  falling  into  the  passage,  from  hindering  the  easy 
running  out  of  the  doors. 

Under  the  crest  of  the  inner  line  are  situated  the  maga- 
zines, M g,  communicating  with  the  sally-ports  by  narrow 
passages  x.  A  bomb-proof,  B  p,  to  shelter  the  troops  is 
constructed  along  the  bottom  of  the  inner  line,  and  is 
covered  in  reverse  by  curtains  C  r,  thus  affording  ample 
and  thorough  protection  to  the  troops  when  not  in  action. 
The  crest  of  the  inner  line  is  fashioned  into  a  platform. 
Pit,  furnished  with  a  Berm,  B  m,  for  the  use  of  infantry 
and  rapid-fire  guns.  As  this  crest  is  higher  than  the 
tops  of  the  traverses,  the  approach  to  the  works  is  com- 
pletely swept  by  the  repeating  rifles  and  Catling  guns 
until  the  assaulting  columns  arrive  at  the  foot  of  the 
slope,  thus  making  it  almost  impossible  for  the  enemy  to 
carry  the  heavy  guns.  Should  they  do  so,  however,  they 
cannot  turn  them  against  the  fort,  which  is  protected  by 
the  massive  inner  line,  and  their  further  progress  must  be 
made  by  crossing  the  protected  passage  swept  by  rapid- 
fire  guns  from  the  sally-port  doors,  scaling  the  inner  line 
and  charging  up  its  slope  in  face  of  the  garrison  and  their 
rifles,  protected  by  the  revetment  of  the  inner  line. 

The  heavy  line  behind  the  guns  effectually  masks  them 
from  an  enemy  at  a  little  distance  from  the  works.  The 
gunner  must  direct  his  fire  by  the  traverses.  The  shot 
plunges  into  the  sand,  leaving  no  trace  visible  at  action 
distance  by  which  the  marksman  can  tell  the  error  of  his 
aim.  The  defenders  are  in  danger  only  from  those  shots 
that  strike  at  or  very  near  a  crest  ;  and  every  gunner 
knows  that  a  horizontal  line  is  very  hard  to  hit,  especially 
when  the  marksman  cannot  tell  whether  he  has  aimed  too 
high  or  too  low.  If  the  sand  is  thick  enough,  the  garrison 
is  as  safe  in  its  bomb-proof  as  if  no  enemy  was  in  sight. 
The  infantry  platform  is  left  unoccupied  until  the  enemy 
arrives  within  range,  and  then  it  is  manned  in  a  very  few 
seconds  by  means  of  the  broad  flights  of  stairs  from  the 
interior,  and  the  rifles  and  Catling  guns  are  high  enough 
to  play  upon  the  foe  over  the  heads  of  the  troops  that  man 
the  heavy  guns. 

This  plan  seems  to  me  to  solve  the  problem  with  which 
I  set  out,  and  to  afford  the  minimum  of  exposure  with  the 
maximum  of  efficiency.  Of  course  the  works  will  be 
stronger  and  the  fire  more  effective  when  the  fort  can  be 
located  upon  a  hill  or  bluff,  but  this  will  generally  be 
impossible  on  our  coast.  The  first  consideration  must, 
of  course,  be  to  locate  the  works  where  they  will  most 
effectually  command  the  approaches.  A  fort  thus  con- 
structed and  armed  with  effective  guns  ought  to  prove  a 
formidable  obstacle  in  the  way  of  an  attacking  fleet,  even 
of  the  heaviest  iron-clads. 

Our  present  stone  forts  can  be  converted  into  works  of 
this  description  by  facing  the  stone  wall  with  a  sufficient 
thickness  of  sand,  and  building  the  comparatively  low 
gun-works  outside  of  the  line  thus  converted. 

The  terrific  force  of  the  iio-ton  gun,  given  in  the  Sep- 
tember number  of  the  Journal,  would  make  it  appear 
impracticable  to  erect  any  works  that  would  stop  such  a 
projectile.  But  it  should  be  remembered  that  experiment 
distance  and  action  distance  are  two  very  different  things. 
No  ship  is  going  to  haul  into  point  blank  range  of  first- 
class  guns.  And  at  any  range,  the  guns  being  equal,  the 
ship  is  much  more  vulnerable  than  the  earthworks.  To 
damage  the  fort  materially  a  gun  must  be  struck,  while 
nothing  that  floats  can  carry  armor  enough  to  keep  out 
such  a  shot  ;  to  strike  the  ship  anywhere  is  to  damage 
her.  The  ship  has  a  stationary  and  the  fort  a  moving 
object  to  aim  at,  but  this  advantage  is  more  than  counter- 
balanced by  the  fact  that  one  has  a  gun  muzzle  and  the 
other  a  large  man-of-war  for  a  mark. 

If  thought  advisable  to  give  the  guns  more  thorough 
protection  when  not  in  action,  they  might  be  mounted  on 
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chassis  so  arranged  as  to  run  upon  a  track  parallel  with 
the  revetment.  This  track  could  run  into  bomb-proofs 
constructed  under  the  traverses  at  the  inner  end,  and  the 
guns  could  be  kept  under  this  cover  except  when  their 
fire  was  needed.  This  would  involve  the  necessity  of  very 
thick  traverses.  As  a  further  safeguard  the  traverses 
might  terminate  in  a  sharp  edge  and   be  protected  by 

to  cause  a  shot  to  glance.  This 
easier  and  more  effective  way  to 
mounting  them  on  elevating  car- 
would  be  plenty  of  room  for  the 
pits  of  the  latter  under  the  gun-chambers,  if  it  be  thought 
that  this  would  be  a  better  way  to  shield  them  from 
danger. 
The  advantages  claimed  for  this  plan  are  : 
I.  That  it  as  effectually  provides  for  the  protection  of 
the  guns  as  is  practicable  without  impairing  their  efficiency 
in  action. 


armor  strong  enough 
would,  I  think,  be  an 
protect  the  guns  than 
riages,  although  there 


which  the  compressed  air  is  admitted.  Near  the  mouth 
of  the  gun  is  a  steel  collar  carrying  two  additional  trun- 
nions, which  are  held  by  two  forged  steel  levers  ;  and  by 
means  of  these  levers  the  elevation  of  the  gun  is  altered  at 
will,  as  they  are  worked  by  a  hydraulic  cylinder  placed 
underneath  the  carriage. 

The  breech  is  closed  by  a  screw  with  interrupted  threads 
similar  to  those  in  use  in  the  ordinary  breech-loading  gun. 
The  loading  is  effected  in  any  position  by  a  small  carrier 
mounted  upon  the  rear  of  the  gun  carriage.  This  carrier 
is  worked  by  two  hydraulic  cylinders,  the  cylinders  beim^^ 
placed  one  on  each  side  of  the  piece.  By  opening  a  valve 
the  carrier  with  the  shell  is  brought  down  into  line  with 
the  axis  of  the  gun,  and,  the  two  pistons  contmuing  their 
movement,  thrusts  the  shell  forward  into  place  and  at  the 
same  time  bring  the  breech  screw  into  position. 

The  compressed  air  reservoirs  are  32  in  number  and  are 
disposed  in  groups  of  four  on  either  side  of  the  carriage, 
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2.  That  the  guns  cannot  be  turned  against  the  fort. 

3.  The  garrison  is  absolutely  safe  when  not  immedi- 
ately engaged  in  action. 

4.  The  guns  and  the  approaches  to  the  fort  are  com- 
pletely covered  by  the  fire  of  the  supporting  troops. 

5.  The  use  of  the  rifles  and  rapid-fire  guns  in  no  way 
interferes  with  the  service  of  the  heavy  battery,  the  two 
lines  being  independent  of  each  other,  and  neither  interfer- 
ing in  any  respect  with  the  other. 

6.  Nothing  in  the  plan  prevents  the  use  of  armor-shields 
or  other  additional  protection  to  the  guns. 

7.  A  successful  assault  upon  the  works  is  rendered 
almost  an  impossibility,  on  account  of  the  thorough  com- 
mand of  the  approaches  by  the  small  guns  and  rifles  from 
the  platform  of  the  inner  line. 


THE  GRAYDON  DYNAMITE  GUN. 


It  will  be  remembered  that  some  time  ago  experiments 
were  made  by  Lieutenant  Graydon  with  a  gun  intended  to 
throw  shells  containing  dynamite  or  some  other  high  ex- 
plosive with  ordinary  powder.  The  result  was  not  alto- 
gether favorable,  and  Lieutenant  Graydon  has  since  pre- 
pared plans  for  a  gun  to  be  operated  by  compressed  air. 
One  of  these  is  to  be  constructed  abroad,  and  the  accom- 
panying illustrations  ixova  Le  Genie  Civil  show  the  plan 
which  he  has  adopted.  Fig.  i  shows  the  gun  carried  upon 
a  circular  mount.  The  gun  shown  is  intended  to  carry  a 
shell  charged  with  dynamite,  and  is  expected  to  have  a 
range  of  about  three  miles. 

The  gun  itself  is  a  tube  of  Whitworth  forged  steel  weigh- 
ing about  II  tons.  It  is  mounted,  as  shown,  on  a  carriage 
working  on  rollers  on  a  circular  track.  The  gun  itself  is 
provided  with  trunnions  through  a  circular  opening  in 


one  group  of  them  being  shown  outside  in  fig.  i.  They 
are  tested  to  a  pressure  of  4  tons  per  square  inch  and  are 
expected  to  contain  air  at  the  pressure  of  350  atmospheres. 
They  are  so  arranged  in  connection  with  the  gun  that  air 
from  any  number  of  them  may  be  admitted  to  the  gun  at 
once.  The  reservoirs  and  the  piston  valves  which  regu- 
late the  discharge  of  the  air  are  of  Whitworth  compressed 


steel.  The  reservoirs  are  charged  from  the  air-com- 
pressor through  pipes  passing  through  the  central  pivot  of 
the  lower  turret.  The  movement  of  the  carriage  upon  the 
turret  is  regulated  by  hydraulic  cylinders  also,  and  it  is 
claimed  that  one  man  can  regulate  the  carriage,  load  and 
fire  the  gun.  The  air-compressor  built  for  use  in  connec- 
tion with  this  gun  has  four  cylinders. 

Fig.  2  shows  the  projectile  in  section.  In  order  to  pre- 
vent premature  discharge,  the  explosive  is  made  in  small 
tubes  or  balls  which  are  enclosed  in  paper  saturated  m 
paraffin.  They  are  then  placed  in  the  cavity  of  the  shell 
and  separatefl  by  layers  of  paper.  In  order  to  secure  the 
greatest  possible  penetration  of  the  shell  before  explosion 
a  spring  is  inserted,  as  shown,  above  the  tube  containing 
the  exploder. 

It  is  understood  that  an  extensive  series  of  experiments 
is  to  be  undertaken  with  this  gun  in  England  and  proba- 
bly in  France  also. 
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AN  ENGLISH  ROAD  BRIDGE. 


.  (Condensed  from  Industries.) 

The  accompanying  illustraitions  show  a  bridge  just 
completed,  which  carries  the  Great  Western  Road— an  im- 
portant street — over  the  River  Kelvin,  in  Glasgow.  Scot- 
land. The  bridge  was  designed  by  Messrs.  Bell  &  Miller, 
Engineers,  and  its  total  cost,  including  land  bought  and  a 
temporary  structure  used  while  work  was  going  on,  has 
been  about  $200,000.  Fig.  i  is  a  general  elevation  of  the 
bridge  ;  fig.  2  a  transverse  section  through  one  of  the  large 
arches  ;  fig.  3  an  elevation  of  a  pier ;  fig.  4  is  one  of  the 


The  foundations  of  the  structure  presented  no  features 
of  difficulty,  both  piers  and  abutments  resting  on  the  rock, 
which  here  comes  to  the  surface.  The  Kelvin  is,  more- 
over, very  shallow  at  the  site  of  the  bridge,  and  light  tem- 
porary cofferdams  of  iron  plates  readily  excluded  the  water 
and  allowed  the  piers  to  be  founded  in  the  dry.  In  the 
case  of  the  west  aoutment,  the  presence  of  coal  workings 
beneath  rendered  special  precautions  advisable,  and  the 
cast-iron  columns  penetrating  to  the  floor  of  the  old  work- 
ings, which  had  been  put  in  when  the  old  bridge  was 
widened,  were  accordingly  retained  and  utilized.  These 
columns  are  connected  at  the  top  by  a  substantial  cast- 
iron  platform,  on  which  the  masonry  of  the  abutment  has 
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bracing  frames,  showing  the  circular  openings  for  the 
water  pipes. 

The  bridge  is  60  ft,  wide,  and  consists  of  two  large 
spans  of  91  ft.  each,  and  two  small  spans,  one  of  34  ft.  on 
the  east  side  and  one  of  20  ft.  on  the  west  side.  There  are 
three  piers,  which  occupy  the  site  of  the  piers  of  the  old 
bridge,  and  they,  as  well  as  the  abutments  and  wing 
walls,  are  faced  with  granite.  The  piers  are  surmounted 
with  handsome  capitals,  supporting  lamps.     The  bridge 

Fig.  2. 


been  built.  Wrought-iron  frames  have  also,  as  an  addi- 
tional security,  been  bedded  in  the  masonry  of  this  abut- 
ment. The  wing  walls  have  footings  12  in.  deep  with  6 
in.  scarcements.  The  central  pier  rests  on  rock,  and  has 
a  total  width  of  75  ft.  at  the  lower  portion  and  of  71  ft. 
from  face  to  face  of  the  polished  granite  columns. 

The  arches  of  the  bridge  are  formed  by  a  series  of  seven 
main  cast-iron  girders  and  two  cast  iron  face  girders,  each 
girder  being  in  five  segments  bolted  together — that  at  the 

Fig-  3. 
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Fig.  4. 


throughout  is  in  the  Gothic  style,  the  arches  being  formed 
by  cast-iron  segments,  surmounted  by  a  handsome  parapet 
of  the  same  material.  The  footpaths  are  12  ft.  in  breadth 
and  the  roadway  36  ft.  The  pipes  conveying  the  water 
supply  from  Loch  Katrine  to  Glasgow  are  carried  across 
the  bridge  beneath  the  roadway. 


crown  having  the  spandrel  cast  on.  The  face  girders  are 
of  a  handsome  and  ornamental  character,  as  will  be  noted 
from  the  accompanying  illustrations.  Each  of  the  girders 
on  the  west  pier  rests  upon  a  cast-iron  framed  bed-plate, 
fitted  and  bolted  with  i-in.  bolts  to  the  wrought-iron  girder 
frames,  which  are   built   into  the  masonry  of  the  piers, 
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wrought-iron  keys  being  fitted  between  the  bed-plate  snugs 
and  the  soles  ot  the  girders  to  prevent  any  lateral  move- 
ment. The  spandrels  of  the  main  girders  are  also  of  cast 
iron,  and  are  in  three  sections  bolted  together,  the  upper 
flanges  of  the  spandrels  carrying  the  platform  road  beams, 
and  being  connected  with  the  lower  flanges  by  vertical 
and  diagonal  bracing.  The  cast-iron  spandrels  of  the  face 
girders  have  panels  ot  ornamental  castings  and  shields, 
surrounded  by  continuous  moulding,  the  shields  having 
armorial  bearings  in  relief.  The  platform  road  beams  are 
of  best  mild  Siemens-Martin  steel,  and  are  secured  by 
bolts  to  the  upper  Hanges  of  the  spandrels.  Brick  jack 
arches  span  the  spacing  between  the  road  beams.  The 
haunches  of  the  jack  arching  are  filled  in  with  fine  con- 
crete to  the  level  of  the  crown  of  the  arch — viz.,  to  the 
same  level  as  the  top  of  the  platform  beams. 

The  span  of  the  main  girders  is  91  ft.,  the  rise  18  ft.  3 
in.,  the  section  being  of  an  I  form,  3  ft.  deep  throughout  ; 
the  upper  and  lower  flanges  being  each  12  in.  and  15  in. 
wide  and  i)4  in.  and  2  in.  thick  respectively,  and  the  web 
i}i  in.  thick  at  top  and  134  in.  at  bottom.  The  span 
of  the  face  girders  is  91  ft.,  the  rise  18  ft.  6  in.,  the  section 
2  ft.  9  in.  deep  throughout  ;  the  upper  and  lower  flanges 
being  i)4  m.  and  2  in.  respectively,  and  the  web  at  top 
ijj  in.  thick  and  at  bottom  i}^  in.,  the  lower  outer  edge 
being  ornamented  with  a  raised  moulding.  The  joint 
flanges  of  the  main  and  face  girder  segments  are  2^4  in. 
thick,  each  joint  being  secured  by  eight  bolts,  i^^  in. 
diameter.  The  main  girder  spandrels  have  upper  and 
lower  flanges  i)^  in.  to  1^2  in.  thick  respectively,  the  web 
and  vertical  rib  being  i}^  in.  thick,  the  joining  flanges 
being  1)3  in.  thick,  and  the  bolts  for  connecting  the  same 
1^4  in.  diameter.  The  lower  flanges  of  the  spandrels  are 
made  to  suit  the  curve  of  the  upper  flanges  of  the  girders, 
and  are  fitted  to  them  by  means  of  strips  and  i^-^"' 
square-necked  bolts. 

rt  The  span  of  the  main  girders  of  the  side  spans  are  34 
ft.  and  20  ft.  respectively,  with  a  similar  rise  of  8  ft.  9  in., 
and  section  of  I  form,  i  ft.  9  in.  deep  throughout  ;  the 
upper  and  lower  flanges  being  each  12  in.  wide  for  both 
spans,  and  i^s  in.  and  i)4  in.  thick  respectively,  with  webs 
I  in.  thick  at  top  and  i)^  in.  thick  at  bottom.  The  face 
girders  of  the  side  spans  are  34  ft.  and  20  ft.  respectively, 
with  7  ft.  9  in.  rise,  and  are  thus  ]  in  section,  2  ft.  9  in. 
deep  throughout ;  the  upper  and  lower  flanges  are  12  in. 
and  15  in.  wide  and  i^s  and  i>2  in.  thick  respectively,  the 
low^r  outer  edge  having  a  raised  molding. 

As  regards  the  materials  used  in  the  structure,  the 
cement  employed  is  the  best  Portland,  finely  ground,  and 
with  a  minimum  tensile  strength  of  not  less  than  350  lbs. 
per  square  inch  after  seven  days'  immersion  in  water,  the 
briquettes  having  been  previously  allowed  to  set  for  not 
more  than  16  hours  after  gauging.  The  weight  per  striked 
bushel  is  specified  at  112  lbs.,  with  a  residue  of  not  more 
than  15  per  cent,  after  passing  through  a  sieve  of  2,500 
holes  per  square  inch.  The  concrete  is  composed  of  i 
part  of  Portland  cement  by  measure,  2  parts  of  clean  sharp 
river  sand,  and  3  parts  of  gravel  or  2-in.  broken  whin- 
stone  ;  a  special  finer  concrete  in  the  lock  arches  being 
comoosed  of  i  part  of  Portland  cement  to  3  parts  of  crushed 
granite  sand.  The  mortar  employed  is  mixed  in  the  pro- 
portion of  I  part  of  Portland  cement  to  2  parts  of  clean 
sharp  river  sand.  The  outside  elevations  from  cornice 
level  of  the  piers,  abutments,  parapets,  newels,  and  lamp 
towers  are  faced  with  gray  granite  fine-axed  over  the  face, 
and  presenting  a  handsome  appearance.  The  red  granite 
panels  and  columns  are  polished,  and  greatly  enhance  the 
appearance.  The  footings  of  the  center  and  two  side  piers 
are  18  in.  and  15  in  deep,  and  are  built  of  stones  from  3 
ft.  to  4  ft.  long  and  from  2  ft.  to  3  ft.  broad,  squared  and 
pick-dressed.  The  abutment  footings  consist  of  one  course 
of  cement  concrete  2  ft.  thick,  and  one  course  of  stones  12 
in.  deep,  from  3  ft.  to  4  ft.  long  by  2  ft.  to  3  ft.  broad, 
squared  and  pick-dressed.  The  ashlar  is  laid  in  cement 
mortar,  no  joint  exceeding  , ,.,  in.  being  permitted.  All  the 
coping  is  secured  by  small  granite  cubes  set  in  cement. 
The  facing  of  the  wing  walls  above  ground  is  chisel- 
dressed  in  face  and  rock-dressed  up  to  level  of  parapet. 

The  platform  of  the  bridge  is  covered  with  a  layer 
^  in.  thick  of  best  British  bif.umen  manufactured  from 


pure  coal  tar  pitch.  The  carriage-way  is  of  granite,  the 
stones  having  a  uniiorm  depth  ot  (>}4  in.  by  4  in.  thick, 
their  length  being  not  less  than  9  in.  and  not  more  than 
14  in.  The  stones,  which  are  required  to  be  properly 
squared  and  dressed,  are  bedded  on  mortar  and  run  in 
with  hot  pitch,  no  sand  by  itself  being  permitted  to  be 
used  for  bedding  them.  The  gutters  and  curb  are  of 
granite,  the  stones  being  12  in.  broad  by  7  in.,  and  rough- 
axed  on  the  surface,  lengths  of  3  ft.  to  4.^4  ft.  being  speci- 
fied. The  pavement  is  composed  of  best  patent  grano- 
lithic laid  upon  concrete. 

The  cast  iron,  which  forms  the  main  item  in  the  super- 
structure, is  specified  to  stand  without  fracture  a  load  ex- 
ceeding 29  cwt.  at  the  center  of  a  bar  i  in.  thick,  2  in. 
deep,  and  placed  upon  supports  3  ft.  apart.  The  bars  are 
specified  to  be  cast  42  in.  long,  and  three  such  are  re- 
quired from  each  melting.  The  usual  requirements  as  to 
perfect  soundness,  evenness,  surface,  uniform  thickness, 
and  freedom  from  flaws,  such  as  slag,  air-holes,  b'isters, 
wants,  lumps,  inequalities,  and  similar  imperfections,  are 
duly  exacted. 

The  steelwork  in  the  flooring,  etc.,  is  required  to  stand 
a  tensile  load  of  26  tons  per  square  inch  without  fracture, 
every  plate  or  bar  being  stamped  with  the  maker's  brand, 
and  all  surfaces  being  smooth,  free  from  blisters,  cracks, 
or  flaws  of  any  kind.  The  rivets  are  of  best  mild  Siemens 
steel,  capable  of  sustaining  a  tensile  stress  of  not  less  than 
26  tons  per  square  inch,  one  rivet  in  every  200  being  tested. 

The  lamp  standards  are  bronzed  and  tastefully  picked 
out  with  gold,  while  the  dog-tooth  molding  round  the 
arches,  the  outer  molding  of  the  panels  on  the  spandrels, 
the  bosses  projecting  fromcavetti,  and  the  armorial  shields 
and  panels  are  also  gilded  with  gold  leaf. 


NOTES  ON   COMBUSTION. 


By  C.  Chomienne,  Engineer. 


(CeHtinued/rotn  page  447.) 


HEATING  SURFACE. 

The  heating  surface  of  a  boiler  is  composed  of  two 
parts  : 

1.  The  direct  heating  surface,  which  transmits  to  the 
water  the  heat  developed  by  the  fire-box,  either  by  radia- 
tion or  by  contact. 

2.  The  indirect  surface,  which  transmits  the  heat  only 
by  contact. 

It  is  then  evident  that  i  sq.  m.  of  direct  heating  surface 
will  produce  more  steam  than  i  sq.  m.  of  indirect  sur- 
face ;  the  more  so  since  the  gases  in  contact  with  the  in- 
direct heating  surface  have  already  lost  a  part  of  the  heat 
which  they  contained  in  leaving  the  fire-box,  and  that  the 
transmission  through  the  walls  of  the  tubes  is  in  propor- 
tion to  the  difference  of  temperature  between  the  gas  and 
the  wall  or  surface. 

Many  experiments,  confirmed  by  practice,  show  that  the 
quantity  of  heat  transmitted  by  a  unit  of  surface  decreases 
rapidly  as  the  distance  from  the  fire-box  increases,  and 
consequently  the  increase  of  indirect  surface  beyond  a 
certain  limit  is  useless  and  only  serves  to  make  the  boiler 
more  complicated. 

On  the  other  hand,  we  can  decrease  too  much  this  in- 
direct surface,  because  when  the  products  of  combustion 
escape  at  too  high  a  temperature,  the  formation  of  steam 
will  rapidly  diminish.  This  temperature  in  the  case  of  an 
ordinary  chimney  25  to  30  m.  in  height  should  never  pass 
200°  C. 

Regnault  has  made  up  a  table  of  the  specific  heats  of 
certain  gases  contained  in  the  products  of  combustion, 
and  he  has  shown  that  the  specific  heat  of  these  gases 
differs  very  little  from  that  of  air,  which  is  0.240.  If,  then, 
we  admit  that  we  burn  20  kgs.  of  air  and  1  kg.  of  coal,  and 
that  the  gases  escape  from  the  chimney  at  a  temperature 
of  300°  C.  instead  of  200°  C,  the  loss  in  calorics  will  be 

20  X  0.24  X  100  =  480  calorics. 

If  the  heating  power  of  this  coal  is  7,000  calorics,  the  loss 
will  be  represented  by 


Vol.  LXV,  No.  n.] 


ENGINEERING    JOURNAL. 


499 


(A 

Heating  turlace  per  squwre  meter  of 

kilogram  o< 
al. 

Quantities  of  Heat. 

i 

•* 

3  2 

grate,  in  square  meters. 

Transmitted  by  i  square  meter  of 
grate  to  the  heating  surfaces. 

Utilized. 

e 
« 
u 

*• 

s. 

: 

V 

u 
V 

o 

u      «• 

1-    o 

01 

ej 

Coal  burn 
meter  of  gr 

Direct. 

Indirect. 

Total. 

Surface  pe 
c 

Direct. 

u 
u 

•3 

B 

n 
o 
H 

Per  square  m 
of  grate. 

Per  kilogram 
fuel. 

5 

EXTERNAL   FIRE-BOX— COOLING  OF  G.^SES  TO  250"   C. 


50 

75 

100 


3.00 
3  00 
3.00 


25-39 
31.71 

3769 


28.39 

3471 

40.69 


0.568 

0-4S3 
0.407 


108,135 
141.625 
169,39a 


149.765 
a45.«5 
346,408 


257,900 
386,850 
515,800 


245,900 
368,850 
491,800 


8,661 
10,626 
i3,oS6 


4.918 
4,918 
4,918 


61.4 
•x.4 

61.4 


INTERIOR   FURNACE,   CORNISH    BOILER— COOLING  OF  CASES  TO  250°   C. 
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I  so 

3133 

3»-83 

0.656 

93,846 

200,604 

294.450 

282,450 

8,598 

5.649 

1 

70.6 

75 

1.50 

38.50 

i    4000 

0433 

124,183 

317.49* 

441.675 

423.675 

10,592 

5.649 

1         70.6 

100 

1.50 

45.22 

I  46.72 

0.467 

150,405 

438.495 

588,900 

564.900 

12,091 
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1         70.6 

INTERIOR  FURNACE,   LOCO.MOTIVE  TYPE  OF  BOILER.      COOLING   OF  GASES  TO   250"   C. 


50 

500 

30.24 

35-24 

0.704 

140,878 

l66,I22 

307.000 

283,000 

8,030 

5.660 

70.8 

75 

5.00 

37.68 

42.68 

0.569 

185.631 

274,869 

460,500 

424,500 

9.946 

5,660 

70.8 

100 

5.00 

44.25 

4925 

0.493 

222,820 

391,180 

614,000 

566,000 

11.331 

5.«o 

70.8 

200 

5.00 

7330 

78.30 

0.391 

329,710 

898,290 

1,228,000 

1,228,000 

14.470 

5.660 

70.8 

400 

5-00 

114.54 

"9-54 

0.299 

479. '75 

1.976,875 

2,456.000 

2,456,000 

18,889 

3,«o        i 

70.8 

tVA  X  100  =  6.85  per  cent. 

We  may  remark  that  this  loss  is  greater  as  the  quantity 
of  air  used  is  greater ;  and  as  the  figure  of  20  legs,  can  be 
considered  almost  a  minimum,  it  follows  that  this  loss  will 
be  almost  always  greater  than  the  figure  given  above. 

The  ratio  between  the  direct  and  indirect  heating  sur- 
faces varies  according  to  the  type  of  boiler  and  according 
to  the  strength  of  draft.  The  more  the  latter  is  increased 
the  more  the  indirect  heating  surface  may  be  increased. 

The  accompanying  table,  given  by  M.  Ser,  shows  the 
proportions  generally  adopted  in  the  three  types  of  boilers 
most  commonly  used.  The  results  of  this  table  are  ap- 
plicable to  fire-boxes  burning  coal,  the  radiating  power 
varying  with  different  kinds  of  fuel.  The  importance  of 
the  direct  heating  surface  decreases  when  the  fuel  has  less 
radiating  power.  The  small  table  below  permits  us  to 
take  account  of  its  effect : 


FUBL. 

Caloriflc 
Power. 

Radiated 
Heat. 

Relative 
Radiating 

Power. 
Coke=i. 

Coke  of  S'ood  aua.litv. . .    ..   ... 

Calorics. 
7,000 
7.500 
6,600 
5.600 
3,800 
3.650 
2.900 

60  per  cent. 

55         " 

50         " 

40         " 

30         " 

28 

25         " 

I    000 

Anthracite  or  dry  coal 

Soft  coal,  with  long  flame 

Lignite,  very  dry 

Peat,  dried  at  ioo°  C 

0.916 
0-83J 
0.667 

0.500 

0467 
0.417 

Wood,  dried  at  140"  C 

Wood  with  25  per  ct.  of  water. 

In  steam  generators  placed  over  heating  furnaces  in 
metallurgic  establishments,  the  direct  radiation  of  the  fur- 
nace does  not  exist  and  the  average  production  of  steam 
to  the  square  meter  of  heating  surface  is  considerably 
diminished.  In  practice  it  is  usual  to  give  to  such  gen- 
erators a  heating  surface  almost  equal  to  that  which  they 
would  have  if  the  whole  quantity  of  fuel  employed  in  the 
furnace  was  burned  in  them  directly. 

If  we  admit  a  duty  of  65  per  cent,  for  the  boiler  with 
ordinary  fire-box,  this  same  boiler  placed  on  a  heating 
furnace  would  not  give  more  than  three-fifths  of  the  result 
obtained  in  the  first  case,  so  that  the  coefficient  would  not 
be  more  than 

0.6s  X  I  =  0.39 

— that  is,  about  40  per  cent,  of  the  theoretical  efficiency. 


PRODUCTION  OF  STEAM  PER  SQUARE  METER  PER  HOUR. 

In  boilers  fired  externally  the  average  production  of 
steam  per  square  meter  of  heating  surface  per  hour  should 
be  from  10  to  15  kg.  If  below  10  kg.  there  is  too  great  an 
extension  of  heating  surface  ;  if  above  15  kg.  there  is  a  loss 
of  heat  by  the  gases — that  is,  through  the  chimney. 

As  to  tubular  boilers,  without  artificial  draft,  the  pro- 
duction may  vary  from  15  to  20  kg.,  18  kg.  being  a  very 
fair  normal  production. 

These  figures  correspond  very  nearly  to  75  kg.  of  coal 
burned  per  hour  and  per  square  meter  of  grate  ;  that  is, 
with  fine  coal,  or  what  is  called  in  trade  "  run  of  mine." 
With  certain  fuels,  like  anthracite  coal,  the  consumption 
can  be  reduced  to  50  kgs. 

According  to  M.  Lencauchez,  the  difference  of  produc- 
tion per  square  meter  of  heating  surface — 13  kg.  on  an 
average  for  externally  fired  boilers  and  18  kg.  for  tubular 
boilers — holds  good  for  tubes  of  from  0.065  to  01 15  m.  in 
diamefST^  these  tubes  being  of  metal,  and  of  small  sec- 
tion, which  accelerates  the  draft  considerably,  and  pre- 
vents gases  from  making  their  exit  from  the  boiler  with- 
out losing  their  heat  in  contact  with  the  surfaces,  the 
small  size  preventing  cooling  and  actively  mixing  up  the 
gas. 

In  externally  fired  boilers,  the  passages  are  necessarily 
of  consideVable  section,  and  the  heated  gases  have  a 
tendency  to  rise  toward  the  top.  This,  being  of  brick, 
does  not  cool  them  as  quickly  as  a  metallic  surface,  from 
which  there  results  a  less  perfect  absorption  of  heat  and 
mixture  of  gases.  The  brick  surfaces,  it  is  true,  radiate 
some  heat  upon  the  boiler,  but  the  heat  radiated  represents 
hardly  one-half  of  that  absorbed,  the  rest  being  scattered 
through  the  masonry  wall  and  lost  by  exterior  cooling. 

To  this  class  of  boilers  the  principal  objection  consists 
of  the  importance  of  the  losses  of  heat  resulting  from  the 
mass  of  masonry.  The  losses  are  decreased  in  cases 
where  the  heating  surface  is  large  and  the  masonry  sur- 
face is  made  as  small  as  possible.  The  thickness  of  the 
walls,  moreover,  and  good  joints  help  very  much  to  dimin- 
ish the  leakage  or  entry  of  air,  and  in  consequence  to  im- 
prove the  result  obtained. 

Semi-tubular  boilers  generally  give  a  very  good  result, 
especially  if  they  are  not  driven  too  hard,  and  for  that  rea- 
son they  should  have  a  large  heating  surface.  In  order 
that  the  draft  should  not  be  interrupted  too  much  by  the 
reduction  in  section  due  to  the  passage  into  the  tubes,  the 
total  section  of  the  tubes  should  be  at  least  0.30  sq.m.  per 
square  meter  of  grate  surface.     These  boilers  give  still 


Vol.  LXV,  No.  II.] 


ENGINEERING    JOURNAL. 


501 


better  results  when  the  passage  of  the  gases  into  the  tubes 
is  not  completed  on  the  second  course,  but  on  the  third, 
for  then  we  do  not  have  to  fear  the  extinction  of  the  flame  or 
the  separation  of  the  combustible  gases,  which  are  pro- 
duced when  these  gases  enter  the  tubes  at  a  very  high  tem- 
perature. 

Masonry  furnaces  permit  the  use  of  coal  of  a  poor  qual- 
ity, which  could  not  be  properly  burned  in  a  tubular  boiler. 
In  some  cases  externally  fired  boilers  are  found  producing 
results  almost  as  good  as  tubular  boilers,  and  they  cer- 
tainly have  the  merit  of  simplicity  in  construction  and 
comparative  cheapness. 

The  tubular  boiler  with  interior  fire-box  occupies  much 
less  space  than  an  externally  fired  boiler,  and  for  that  rea- 
son alone  it  is  often  preferred.  In  every  boiler  of  this 
class  the  combustion  chamber  should  have  sufficient  size, 
since  if  it  is  too  small  the  gases  reach  the  tubes  before 
they  are  completely  burned,  and  the  combustion  is  there 
stopped.  The  tubular  boiler  also  permits  the  use  of  higher 
pressures  than  can  be  obtained  with  a  plain  cylinder  boiler, 
because  to  resist  such  pressures  the  plates  must  be  made 
so  thick  as  to  obstruct  the  passage  of  the  heat. 

TUBULOUS   BOILERS. 

In  cases  which  are  often  presented,  a  boiler  carrying  a 
great  volume  of  water  is  not  the  best  for  high  production 
of  steam.  Thus,  if  in  a  cylinder  boiler  we  increase  the 
production  of  steam  from  20  to  40  per  cent.,  the  efficient 
result  is  decreased  from  5  to  10  per  cent.,  while  in  tubular 
boilers  the  production  of  steam  is  increased  with  difficulty, 
and  the  efficiency  at  once  falls  from  10  to  20  per  cent.  As 
soon  as  we  attempt  to  make  one  of  these  boilers  produce 
more  than  15  kgs.  of  steam  per  square  meter  of  heating 
surface,  the  efficiency  diminishes.  Their  only  advantage 
is  to  permit  the  use  of  pressures  as  high  as  200  lbs.  with- 
out danger.  The  collapse  of  a  tube  will  extinguish  the 
fire  at  once.  The  problem  of  the  production  of  steam  at  a 
very  high  pressure  cannot,  in  fact,  be  solved  in  a  practical 
way  by  the  use  of  externally  fired  boilers,  nor  of  boilers 
with  interior  fire-box,  nor  even  with  semi-tubular  boilers, 
because  their  large  dimensions  require  very  thick  plates 
in  order  to  resist  the  force  of  the  steam.  These  heavy 
plates  cause  a  great  increase  of  weight,  and  at  the  same 
time  make  the  transmission  of  heat  through  them  more 
difficult  and  the  boiler  less  economical,  without  consider- 
ing the  fact  that  they  increase  the  strains  resulting  from 
the  inequality  of  temperature  of  different  parts  of  the 
boiler,  which  tends  to  crack  the  plates  and  increase  the 
danger  of  explosion.  Finally  the  consequence  of  these 
accidents  would  be  especially  disastrous,  since  the  destruc- 
tion caused  by  a  boiler  which  explodes  is  proportional  to 
the  quantity  of  water  which  it  contains,  and  increases  with 
its  temperature. 

In  tubulous  boilers,  as  they  are  sometimes  called,  or 
boilers  composed  of  small  elements,  the  tubes  have  a 
diameter  varying  from  0.07  m.  to  0.12  m.;  they  can  carry, 
in  spite  of  their  small  thickness,  very  high  pressures,  and 
thus  secure  better  transmission  of  heat  through  the  metal  ; 
finally — and  this  is  an  essential  point— the  volume  of 
water  enclosed  is  very  much  less  for  an  equal  surface,  so 
that  the  dangers  of  explosions  are  very  much  reduced. 

The  security  which  such  boilers  offer  results  not  only 
from  their  small  capacity,  bur  from  the  subdivision  of  the 
water  and  the  sieam  among  a  large  number  of  tubes  which 
communicate  with  each  other  only  by  narrow  passages. 
In  this  way,  if  there  is  an  explosion,  the  difficulty  of  com- 
munication between  the  different  parts  of  the  boiler  pre- 
vents that  instantaneous  explosion,  which  is  so  terrible  in 
the  case  of  a  large  boiler.  The  whole  thing  is  simply  an 
escape  of  water  and  steam  ;  one  might  almost  say  a  sim- 
ple leakage,  of  greater  or  less  size,  the  steam  escaping  by 
the  chimney,  and  the  water  into  the  fire-box. 

Statistics  have  shown  that  boilers  of  this  kind  are,  it  is 
true,  exposed  to  more  frequent  collapse  of  tubes,  but  this 
does  not  cause  considerable  damage.  They  compose  a 
class  of  explosions  of  a  special  nature,  the  effects  of  which 
may  be  dangerous  to  the  persons  employed  close  to  the 
boiler,  but  quite  harmless  for  those  at  a  short  distance 
away  only,  or  in  other  parts  of  the  shop. 

The  doors  giving  access  to  the  tubes  should  be  kept 


carefully  closed,  and  also  the  fire-box  doors,  as  in  case  of 
the  giving  way  of  a  tube,  there  will  be  much  less  danger. 

In  some  of  these  boilers,  in  order  to  make  their  work 
more  regular,  the  proportions  of  the  reservoirs  of  water  or 
of  the  steam  drums  are  increased  ;  but  when  this  is  done 
the  danger  of  an  explosion  is  also  increased. 

From  the  point  of  view  of  the  steaming  capacity  per  unit 
of  heating  surface,  we  should  not  require  a  tubulous  boiler 
to  produce  more  steam  in  proportion  than  is  required  from 
others. 

The  tendency  to  use  these  boilers  composed  of  small  ele- 
ments and  called  *'  safety  boilers,"  such  as  the  Belleville, 
the  Roser,  the  Terne  &  De  Harbe,  the  Montupet,  the  Col- 
let, the  Babcock  &  Wilcox,  the  Ward,  the  Cowles,  etc.,  is 
at  present  very  marked.  It  is  due  probably  to  the  increas- 
ing use  of  compound  and  triple-expansion  engines,  and 
also  to  the  special  conditions  required  in  the  application 
of  electricity  in  cities,  where  space  is  limited,  and  where 
an  explosion  would  have  severe  consequences. 

I  may  say,  however,  in  a  general  way,  that  they  ought 
not  to  be  used  where  the  pressure  required  is  not  over  90 
lbs.,  or  where  there  are  great  variations  in  the  supply  of 
jiteam  required,  as  the  maintenance  of  the  pressure  and  of 
the  water  level  becomes  very  difficult  in  such  cases.  We 
are  then  obliged  to  have  recourse  to  automatic  apparatus 
to  regulate  the  feed,  and  also  to  apparatus  of  some  kind  to 
regulate  the  pressure  by  acting  upon  the  draft,  as  is  very 
frequently  done  with  Belleville  boilers. 

It  may  also  be  said  that  these  boilers  require  very  good 
water  on  account  of  the  difficulty  of  cleaning  them. 

(to  be  continued.) 


A  FOUR-WHEEL  SWITCHING  LOCOMOTIVE. 


The  accompanying  engraving  is  from  a  working  draw- 
ing of  a  four-wheeled  switching  locomotive  of  very  neat 
design,  built  in  the  shops  of  the  Boston  &  Albany  Rail- 
road for  use  on  that  road,  under  the  supervision  of  Mr. 
A.  B.  Underbill,  Superintendent  of  Motive  Power. 

The  general  design  of  the  engine  is  well  shown  in  the 
drawings,  and  presents  no  special  features.  The  entire 
weight  is  carried  on  the  four  driving-wheels  ;  as  the  en- 
gine weighs  66,000  lbs.  ready  for  service,  the  average  load 
per  wheel  is  i6,5oolbs.  The  wheels  are  52  in.  in  diameter, 
and  are  8  ft.  apart  between  centers.  From  the  center  of 
main  driver  to  rear  end  of  frame  is  9  ft.  6  in.;  from  center 
of  forward  driver  to  front  end  of  frame,  7  ft.  i  in.,  making 
the  total  length  of  the  frames  24  ft.  7  in. 

The  boiler  is  46  in.  diameter  of  barrel  ;  the  shell  is  of 
Otis  steel,  fs  in.  thick.  There  are  121  tubes,  2  in.  outside 
diameter  and  11  ft.  11^  in.  long.  The  fire-box  is  of  steel, 
and  has  a  rocking  grate.  The  boiler  is  built  for  a  work- 
ing pressure  of  130  lbs.  The  center  of  the  boiler  is  5  ft. 
9  in.  above  the  top  of  the  rail  ;  the  total  height,  from  top 
of  rail  to  top  of  smoke-stack,  is  12  ft.  83/  in.  The  boiler 
is  of  the  straight-top  pattern,  and  the  steam-dome  is  near 
the  center  of  its  length. 

The  cylinders  are  16  in.  in  diameter  and  24  in.  stroke. 
The  cross-head  and  guides  are  of  the  pattern  shown  in  the 
drawing.  The  main  rod  is  8  ft.  i  in.  long  between  cen- 
ters. The  valve  gear  is  of  the  ordinary  shifting  link 
type. 

The  engine  is  provided  with  air-pumps  and  driver- 
brakes.  There  are  two  sand-boxes,  as  needed  in  an  en- 
gine of  this  class.  The  front  draw-head  is  a  heavy  cast- 
ing, bolted  to  the  bumper-beam  and  braced  to  the  cylinder 
saddle  by  a  heavy  tie-rod. 

The  engine  has  no  tanks,  the  water  and  fuel  being  car- 
ried on  a  separate  tender. 


THE  UNITED  STATES  NAVY. 


Some  remarkable  results  have  been  recently  secured  by 
the  Ordnance  Bureau  with  the  4-in.  rapid-fire  gun  pro- 
vided with  the  Dashiell  breech  mechanism.  At  a  trial  at 
the  proving-ground  at  Indian  Head,  on  the  Potomac,  the 
gun  was  tested  with  the  service  charge  of  brown  powdf  »^, 
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firing  in  salvos  of  five  rounds.  The  first  five  were  fired  in 
26  seconds,  the  second  in  22  seconds,  and  the  third  in  17 
seconds. 

The  lo-in.  guns  for  the  coast-defense  ship  Monterey 
have  been  tested,  with  very  satisfactory  results. 

It  is  understood  that  the  Navy  Department  has  decided 
to  make  the  6-pdr.  Hotchkiss  gun  the  leading  gun  in  sec- 
ondary batteries.  The  reason  for  this  is  that,  while  the 
6-pdr.  throws  a  heavier  projectile  and  has  a  greater  range, 
it  can  be  handled  and  worked  almost  as  easily  as  the 
3-pdr.  gun. 

ELECTRIC  SIGNAL  APPARATUS, 

A  new  electric  apparatus  for  directing  the  movements 
of  a  ship  from  the  conning-tower  is  now  under  considera- 
tion by  the  Navy  Department.  It  was  submitted  by  Lieu- 
tenant Bradley  A.  Fiske,  the  inventor  of  the  range-finder, 


IS 


the  latest  report  of  the  Naval  Intelligence  Office.     It 
understood  that  it  is  soon  to  have  a  very  thorough  test. 

The  coast-defense  type  of  this  torpedo  is  similar  in  form 
to  the  auto-mobile  torpedoes  now  in  general  use,  and  is 
divided  up  into  six  compartments,  as  shown  in  fig.  j. 
The  forward  compartment  contains  the  explosive  charge, 
which  is  compactly  stowed  in  the  lower  part,  the  upper 
part  being  divided  into  five  compartments,  four  vacant 
and  intended  to  contain  water,  the  fifth,  D,  containing 
Holmes*  light  composition.  Attached  to  the  forward 
bulkhead  ot  the  air-chamber  is  a  diaphragm,  B,  so  con- 
nected to  the  piston-rod  of  a  piston-valve,  C,  moving  ver- 
tically in  the  cylinder /f  as  to  cause  the  piston  to  gradually 
descend  in  its  cylinder  as  the  air  pressure  decreases  in  the 
compressed-air  chamber,  allowing  water  to  flow  in  through 
the  thus  opened  top  of  the  cylinder  A  to  successively  fill 
each  of  the  four  compartments  mentioned  above,  in  this 
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THE 


"VICTORIA"   TORPEDO. 


and  its  object  is  to  supply  perfect  automatic  means  of 
communication  ;  it  has  so  far  succeeded  as  to  bring  bat- 
tery, helm,  and  engine  much  more  completely  under  the 
control  of  a  single  person  than  has  heretofore  been  accom- 
plished. 

The  new  system  includes  numerous  arrangements  of 
apparatus.  There  are  placed  in  the  fighting-tower  two 
arcs  of  conducting  material,  over  which-moves  two  pivoted 
arms.  The  arcs  are  graduated  on  each  side  of  their  cen- 
tral points  to  indicate  revolutions  of  the  propeller  of  the 
vessel.  The  arcs  and  arms  are  connected  in  series  with 
two  indicating  instruments,  one  arc  and  one  indicating 
instrument  being  located  either  on  the  bridge  or  in  the 
fighting  tower,  the  other  one  in  the  engine-room. 

In  connection  with  the  needle  of  the  instrument  of  the 
engine-room  indicator  are  arranged  two  local  circuits, 
each  containing  a  bell  or  other  suitable  alarm.  These 
circuits  are  respectively  closed  as  the  needle  moves  to  its 
stops  in  one  direction  or  the  other. 

If,  for  instance,  it  is  desired  to  send  a  signal  to  the  en- 
gineer to  "  go  ahead,"  the  arm  of  the  arc  in  the  fighting 
tower  is  moved  to  the  right,  and  by  this  means  the  resist- 
ance in  the  circuit  is  diminished,  causing  a  deflection  of 
the  needles  of  the  two  indicators  in  the  same  direction. 
The  engineer  then  not  only  sees  the  needle  of  his  indicator 
move,  but  also  hears  a  bell  sound.  As  this  bell  may  be 
of  different  tone  from  rhe  one  included  in  the  other  local 
circuit,  he  has  both  visible  and  audible  notice  of  the 
order. 

Meanwhile,  the  person  sending  the  order  notes  by  the 
deflection  of  his  indicating  instrument  that  it  has  been 
transmitted.  Numbers  in  the  arc  denote  the  order  to  be 
obeyed. 

The  steering  of  the  ship  is  effected  by  a  similar  arrange- 
ment working  on  a  steam-steering  engine  controlling  the 
helm. 

THE  VICTORIA  TORPEDO. 

This  torpedo  has  attracted  much  attention,  and  the 
accompanying  illustration  and  description  are  taken  from 


manner  adding  weight  forward  to  compensate  for  the  loss 
of  the  expended  air. 

The  compressed-air  chamber  is  connected  with  the  en- 
gine by  -means  of  an  admission-pipe  as  shown,  this  pipe 
being  fitted  with  a  valve  operated  by  one  of  three  motors 
in  the  motor  chamber.  To  the  rear  of  the  compressed-air 
chamber  is  that  for  the  hydrostatic  valve,  which,  with  its 
pendulum  and  servo-motor,  actuates  a  horizontal  rudder 
to  keep  the  torpedo  at  a  set  depth  when  running.  In  the 
rear  of  this  is  the  electrical  cable  chamber.  The  torpedo 
is  controlled  from  the  firing  station  on  shore  through  the 
medium  of  a  flexible  gutta-percha  cable  of  a  specific 
gravity  not  varying  much  from  that  of  sea-water,  of  which 
about  3,600  ft.  are  coiled  in  this  chamber,  the  remainder 
being  coiled  up  at  the  firing  station  ready  for  unreeling. 
This  cable  contains  three  sets  of  separately  insulated  cop- 
per wires,  by  means  of  which  the  power  necessary  for 
controlling,  steering,  raising  to  tljie  surface  and  firing  the 
torpedo  is  transmitted  from  suitable  electrical  batteries  at 
the  firing  station  to  three  mag«€lo-electric  motors  placed 
in  the  next  chamber  to  the  rear.  Of  these  motors  the  for- 
ward one  is  used  to  actuate  the  spindle  of  the  compressed- 
air  valve  and  regulate  the  admission  of  compressed  air  to 
the  spherical  air  engine  in  the  after  chamber.  The  second 
motor  has  two  functions.  With  a  direct  current  it  acts 
along  a  rod  connecting  it  to  a  fuse  in  the  nose  of  the  tor- 
pedo to  fire  the  charge  (unless  caught  in  a  net  or  boom 
protection  the  fuse  is  intended  to  act  by  percussion),  but 
with  a  reverse  current  it  will  serve  Co  actuate,  by  means  of 
a  rod  and  gearing,  a  horizontal  rudder  to  bring  the  torpedo 
to  the  surface  of  the  water.  The  rear  motor  serves  to 
actuate  the  vertical  steering  rudders. 

When  the  torpedo  is  first  discharged  the  cable  will  be 
paid  out  from  shore,  that  reeled  up  in  the  torpedo  being 
held  by  a  grip,  which  at  any  time,  by  means  of  a  cord  and 
spring,  can  be  released  by  opening  the  air-valve  to  its  full 
limit,  thus  permitting  cable  to  be  paid  out  from  the  tor- 
pedo. The  fin  is  shown  in  the  figure,  and  this  torpedo 
can  be  used  with  or  without  a  float.  The  two  propellers 
are  right  and  left-handed,  similar  to  those  of  the  White- 
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head.  Mr.  Murphy's  intention  is  to  so  arrange  this 
torpedo  that  it  can  also  be  launched  from  fixed  under-water 
positions  in  harbor,  a  mile  or  more  from  shore.  For  this 
purpose  the  torpedo,  with  an  accompanying  buoy,  is  held 
by  four  locked  arms  in  a  cage  moored  at  the  bottom. 
The  buoy  contains  a  coil  of  electric  cable,  and  the  cage  is 
connected  with  the  firing  station  on  shore  by  a  cable  con- 
taining five  strands  of  copper  wire,  three  of  them  for  the 
operations  described  above  ;  a  fourth  to  cause  the  setting 
free  of  the  torpedo  and  buoy,  and  the  fifth,  which  is  con- 
nected with  electric  celLs,  to  cause  the  ringing  of  a  bell  at 
the  firing  station  in  case  of  accident  to  the  torpedo  or  its 
cable.     To  operate  the  torpedo  from  such  a  position,  it  is 
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Fig-  I. 


started  off,  pulling  cable 
the  shore,  as  in  the  case 


released  from  its  cage  and  then 
out  of  its  buoy  instead  of  from 
given  above. 

Mr.  Murphy  has  also  designed  the  naval  torpedo  shown 
in  fig.  2,  in  which,  instead  of  the  hydrostatic  val^e  used 
in  the  shore  torpedo,  he  will  use  a  dorsal  fin,  in  which 
will  be  secured  a  float,  a,  which,  through  a  dash-pot  and 
servo-motor,  will  operate  a  side  fin  to  keep  the  torpedo 
about  2  ft.  under  water. 


A    NEW    SLOPE   STAKE    SETTER 

INDICATOR. 


AND   SLOPE 


The  accompanying  illvistration  shows  a  new  contrivance 
invented  by  Mr,  William  Cox,  and  made  by  the  Keuffel  & 
Esser  Company,  of  New  York,  which  must  be  of  great 
use  to  engineers.  For  the  engravings  and 
description  we  are  indebted  to  The  Com- 
pass. 

This  device  serves  two  special  purposes  : 

1.  By  its  means  the  exact  point  of  inter- 
section of  the  slope  of  an  embankment  or 
cutting  with  the  natural  surface  of  the 
ground,  and  consequently  the  position  of  the 
slope  stakes,  is  immediately  and  accurately 
ascertained,  and  that  without  any  calcula- 
tions whatever. 

2.  The  instrument  gives  instantly  and  also 
without  any  calculation  all  the  various  di- 
mensions of  embankments  or  cuttings,  with 
varying  ground  surfaces  and  side  slope 
ratios,  from  which  the  area  of  the  cross- 
section  may  be  calculated  in  the  simplest  manner  possi- 
ble and  in  the  shortest  time. 

The  indicator  consists  of  three  flat  pieces  of  wood, 
metal,  Bristol  board,  or  other  material — namely  :  A  A  the 
foundation  plate  with  a  central  horizontal  line  and  a  cen- 
tral vertical  line,  both  graduated  to  a  convenient  scale  of 


feet.  The  point  of  intersection  of  these  tw^o  lines  represents 
the  center  line  along  the  natural  surface  of  the  ground, 
while  the  center  height  is  measured  upward  from  the  same 
on  the  vertical  line.  B  B  z.  vertical  sliding-piece  repre- 
senting the  cross-section  of  an  embankment  or  cutting. 
This  piece  is  interchangeable,  so  that  it  may  suit  different 
slope  ratios  and  widths  of  road-bed.  The  slopes  are 
graduated  to  the  same  scale  of  feet,  as  is  also  a  vertical 
line  drawn  downward  on  each  side  of  the  road-bed,  giving 
the  height  of  each  of  its  sides  above  the  ground  surface. 
C  Ca  straight  scale  revolving  upon  the  point  D  and  repre- 
senting the  varying  degrees  of  slope  of  the  natural  sur- 
face of  the  ground.  This  straight  scale,  which  is  gradu- 
ated to  feet  right  and  left  from  its  cen- 
ter,  has  fixed  to  its  lower  edge  a  semi- 
circular protractor,  by  means  of  which 
it  may  be  set  to  any  angle  of  slope. 

These  three  pieces  are  kept  in  their 
respective  positions  by  means  of  three 
small  flat-headed  screws  with  thumb- 
nuts,  the  middle  one  D  acting  as  a 
pivot  upon  which  the  straight  scale  C  C 
can  be  turned  round.  In  the  sliding 
section  B  B  are  three  slots,  through 
which  the  screws  pass,  so  that  a  ver- 
tical movement  up  or  down  can  be  given 
to  this  piece. 

To  use  the  indicator,  the  sliding  sec- 
lion   is   raised   to   the  required  center 
height,  and  the   straight  scale  turned 
to  the  angle  of  slope  of  the  surface  of 
the  ground  ;  the  point  of  intersection 
of  each  of  the  side  slopes  with  the  sur- 
face  of   the  ground   is   then   at   once 
seen,    and   their    respective    distances 
from   the  center  line  easily   read  off, 
thus  fixing  without  estimation  or  trial 
the  exact  position  of  the  slope  stakes. 
The  length  of  each  of  the  side  slopes 
can  also  be  at  once  ascertained  if  re- 
quired.    Thus  in  fig.   2  the  road-bed 
a  ^  is  assumed  to  be   18  ft.  wide,  and  the  height  of  the 
center  line  above  the  surface  of  the  ground,  or  d  e,  is  taken 
as  being  12  ft.,  while  the  side  slopes  A  a  and  B  b  are  i^  to 
I,  and  the  angle  of  the  surface  of  the  ground  with  the 
horizon  is  10".     After  setting  the  sliding-piece  ^  .5  to  12 
ft.  and  turning  the  protractor  to  10^,  we  at  once  see  that 
A  e  measures  37.2  ft.  and  Be  =  21.6  ft.     These  distances 
then  measured  out  from  e  are  the  positions  of  the  slope 
stakes. 

When  the  surface  of  the  ground  presents  a  different  slope 
on  each  side  of  the  center  line,  the  straight  scale  must  be 
set  first  to  one  slope  and  the  distance  read  off,  and  then 
ro  the  other  slope  and  its  corresponding  distance  noted. 

We  have  said  that  this  instrument  serves  also  to  ascer- 
tain in  a  very  simple  nianner  the  cross-sectional  area  of 
an  embankment  or  cutting.  This  may  be  done  very 
quickly  in  the  following  way  : 


The  side  slopes  of  the  sliding  section  B  B  arc  prolonged 
upward  until  they  meet,  as  shown  at  c  in  fig.  2.  thus  form- 
ing with  the  ground  surface  line  a  triangle  A  B  c.  A 
graduated  square,  which  slides  along  the  straight  scale 
(kept  in  position  by  a  slot,  through  which  passes  the 
pivot  D)  enables  the  length  of  the  perpendicular  C  r  to  be 
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immediately  noted.     This  distance,  as  shown  in  fig.  2,  is 
found  to  measure  17.8  ft.     We  then  proceed  as  follows  : 


A  e,  already  ascertained    =    37.2 
Be        "  '■  =    21.6 


whence  A  B 

Half  of  Cr/'-^)      - 
Their  product 


=     58.8 
-  =      8.9 


ft. 


==  523.32  sq.  ft. 

which  is  consequently  the  area  of  the  triangle  A  B  c. 
From  this  we  now  deduct  the  area  of  the  small  triangle 
a  b  c,  which  is  a  constant  for  all  road-beds  of  the  same 
width  with  the  same  side  slopes,  and  is  obtained  by  the 

formula  a  b  X  — ,  where  r  is  the  ratio  of  the  side  slopes. 

4r 

18 
In  the  present  example  this  constant  is  18  X =  54 

^  ^  4  X  li        ^^ 

sq.  ft.,  so  that  we  have 

Area  of  triangle  A  B c  =  523.32  sq.  ft. 
Less      a  b  c    =     54.00       " 


Leaves       469.32       " 

as  the  area  of  the  cross-section  A  a  b  B. 

A  list  of  constants,  K,  is  furnished  for  different  widths  of 
road-beds  and  various  slope  ratios,  to  be  used  with  the 
formula  applying  to  the  indicator — namely  : 

Cross-sectional  area  A  a  b  B  =  {A  B  x  \  C  c)  —  K, 

by  means  of  which  any  area  may  be  obtained  in  the  short- 
est space  of  time  possible. 

This  instrument  will  be  found  specially  useful  for  the 
purpose  of  making  out  preliminary  estimates,  from  the 
facility  and  accuracy  with  which  the  various  dimensions 
and  areas  may  be  obtained. 

This  machine  has  been  copyrighted  and  application 
made  for  a  patent. 


THE  GOVERNMENT  TIMBER  TESTS. 


An  interesting  circular  has  been  issued  by  Mr.  B.  E. 
Fernow,  Chief  of  the  Forestry  Division  of  the  Department 
of  Agriculture,  in  relation  to  the  tests  of  timber  under- 
taken by  the  Department.  The  object  of  these  is  to  deter- 
mine the  properties  of  different  kinds  of  timber  and  of 
timber  grown  in  different  parts  of  the  country  by  a  large 
number  of  tests  on  material  of  known  origin.  The  points 
to  be  determined  are  formulated  as  follows  : 

"  What  are  the  essential  working  properties  of  our  vari- 
ous woods  and  by  what  circumstances  are  they  influenced  ? 
What  influence  does  seasoning?  of  different  degree  have 
upon  quality  ?  How  does  age,  rapidity  of  growth,  time 
of  felling,  and  after-treatment  change  quality  in  different 
timbers  }  In  what  relation  does  structure  stand  to  qual- 
ity ?  How  far  is  weight  a  criterion  of  strength  ?  What 
macroscopic  or  microscopic  aids  can  be  devised  for  deter- 
mining quality  from  physical  examination  ?  What  differ- 
ence is  there  in  wood  of  different  parts  of  the  tree  ?  How 
far  do  climatic  and  soil  conditions  influence  quality  ?  In 
what  respect  does  tapping  for  turpentine  affect  quality  of 
pine  timber  ?" 

It  is  also  proposed  to  test,  as  opportunity  is  afforded, 
the  influence  of  continued  service  upon  the  strength  of 
structural  material,  as  for  instance  of  members  in  bridge 
construction  of  known  length  of  service.  This  series  of 
tests  will  give  more  definite  information  for  the  use  of 
inspectors  of  structures. 

Besides  these  problems,  many  others  will  arise  and  be 
solved  as  the  work  progresses,  and  altogether  a  wealth  of 
new  knowledge  regarding  one  of  our  most  useful  materials 
must  result.  It  is  proposed  to  publish  results  from  time 
to  time. 

ORGANIZATION  AND  METHODS. 

There  are  four  departments  necessary  to  carry  on  the 
work  as  at  present  organized— namely  : 
I.   The  collecting  department. 


II.  The  department  of  mechanical  tests. 

III.  The  department  of  physical  and  microscopic  exam- 
ination of  the  test  material. 

IV.  The  department  of  compilation  and  final  discussion 
of  results. 

The  collection  of  the  test  material  is  done  by  experts 
(Dr.  Charles  Mohr,  of  Mobile,  Ala.,  for  Southern  tim- 
bers). The  trees  of  each  species  are  taken  from  a  number 
of  localities  of  different  soil  and  climatic  conditions. 
From  each  site  five  trees  of  each  species  are  cut  up  into  logs 
and  disks,  each  piece  being  carefully  marked,  so  as  to  in- 
dicate exactly  its  position  in  the  tree  ;  four  trees  are 
chosen  as  representative  of  the  average  growth,  the  fifth 
or  '*  check  tree"  the  best  developed  specimen  of  the  site. 

Disks  of  a  few  young  trees,  as  well  as  of  limbwood,  are 
also  collected  for  biological  study.  The  disk  pieces  are 
8  in.  in  height  and  contain  the  heart  and  sapwood  of  the 
tree  from  the  north  to  the  south  side  of  the  periphery. 
From  50  to  70  disk  pieces  and  from  10  to  15  logs  are  thus 
collected  for  each  species  and  site. 

A  full  account  of  the  conditions  of  soil,  climate,  aspect, 
measurements,  and  determinable  history  of  tree  and  forest 
growth  in  general  accompanies  the  collection  from  each 
site. 

The  disks  are  sent,  wrapped  in  heavy  paper,  to  the 
Botanical  Laboratory  of  the  University  of  Michigan,  at 
Ann  Arbor  (Mr.  F.  Roth,  in  charge),  to  be  studied  as  to 
their  physical  properties,  their  macroscopic  and  micro- 
scopic structure,  rate  of  growth,  etc.  Here  are  deter- 
mined {a)  the  specific  weight  by  a  hygrometric  method  ; 
{b)  the  amount  of  water  and  the  rate  of  its  loss  by  drying 
in  relation  to  shrinkage  ;  {c)  the  structural  differences  of 
the  different  pieces,  especially  as  to  the  distribution  of 
spring  and  summer  wood,  strong  and  weak  cells,  open 
vessels,  medullary  rays,  etc.;  {d)  the  rate  of  growth  and 
other  biological  facts  which  may  lead  to  the  finding  of 
relation  between  physical  appearance,  conditions  of 
growth,  and  mechanical  properties. 

The  material  thus  studied  is  preserved  for  further  ex- 
aminations and  tests  as  may  appear  desirable,  the  history 
of  each  piece  being  fully  known  and  recorded. 

The  logs  are  shipped  to  the  St.  Louis  Test  Laboratory 
in  charge  of  Professor  J.  B.  Johnson.  They  are  stenciled 
off  for  sawing  and  each  stick  marked  with  dies,  corre- 
sponding to  sketch  in  the  record,  so  as  to  be  perfectly 
identified  as  to  number  of  tree,  and  thereby  its  origm,  and 
as  to  position  in  tree.  After  sawing  to  size,  the  test  pieces 
are  stacked  to  await  the  testing.  (Dne-half  of  every  log 
will  be  tested  green,  the  other  half  aitbr  thorough  season- 
ing. A  determination  is  made  at  the 
the  amount  of  water  present  in  the  tes 
appears  greatly  to  influence  results. 

From  each  tree  there  are  cut  two  or  three  logs,  from 
each  log  three  or  four  sticks,  two  of  standard  size,  the 
other  one  or  two  of  larger  size.  Each  standard  stick  is 
cut  in  two,  and  one  end  reserved  for  testing  two  years 
later  after  seasoning.  The  standard  size  for  the  sticks  is 
4  X  4  in.  and  60  in.  long  for  cross-breaking  tests.  There 
will,  however,  be  made  a  special  series  of  cross-breaking 
tests  on  a  specially  constructed  beam-testing  machine, 
gauged  to  the  Watertown  testing  machine,  in  which  the 
full  log  length  is  utilized  with  a  cross-section  of  6  X  12 
up  to  8  X  16  inches,  in  order  to  establish  the  comparative 
value  of  beam-tests  to  those  on  the  small  test-pieces.  It 
is  expected  that,  in  the  average,  50  tests  will  be  made  on 
each  tree,  besides  4  or  5  beam-tests,  or  250  tests  for  each 
species  and  site.  The  methods  adopted  lor  the  tests  will 
be  described  more  fully  later. 

All  due  caution  will  be  exercised  to  perfect  and  insure 
the  accuracy  of  methods  and  besides  the  records,  which 
are  made  directly  m  ink  into  permanent  books,  avoiding 
mistakes  in  copying,  a  series  of  photographs,  exhibiting 
the  character  of  the  rupture,  will  assist  in  the  ultimate 
study  of  the  material,  which  is  also  preserved. 

The  department  of  compilation  and  final  discussion  of 
results  is  as  yet  not  organized. 

CONCLUSION. 

Such  work  as  this,  if  done  as  indicated,  and  well  done, 
will  never  need  to  be  done  over  again.     The  results  will 


me  of  testing  of 
piece,  since  this 
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become  the  standard,  the  world  over.  The  strength  and 
value  of  a  given  species  or  even  stick  will  then  no  longer 
be  a  matter  of  opinion,  but  a  question  of  established  fact, 
and  we  will  learn  not  only  to  apply  our  timbers  to  the  use 
to  which  they  are  best  adapted,  but  also  what  conditions 
produce  required  qualities,  thus  directing  the  consumer 
of  present  supplies  and  the  forest  grower  of  the  future. 

The  American  Association  for  the  Advancement  of 
Science  in  its  Section  of  Mechanics  and  Engineering  has 
created  an  Advisory  Board,  to  assist  in  securing  improved 
methods,  and  the  co-operation  of  other  authorities  will  be 
welcomed  to  make  this  a  truly  national  work. 

So  far  the  work  has  been  confined  to  Southern  Pines 
and  Oaks  (which,  thanks  to  the  courtesy  of  the  Louisville  & 
Nashville  Railroad  Company,  could  be  obtained  free  of 
transportation  charges)  ;  the  scant  appropriations  avail- 
able, and  other  unfavorable  conditions,  making  such 
limitation  necessary. 

The  work  will  be  extended  and  it'i  progress  pushed  in 
proportion  to  appropriations  made  by  Congress,  which 
will  depend  upon  the  interest  which  the  work  may  arouse 
among  those  to  be  benefited  by  it. 


THE  INTERCONTINENTAL  RAILROAD. 


The  following  report  has  been  submitted  to  the  State 
Department  by  Messrs.  A.  J.  Cassatt,  H.  G.  Davis,  and 
R.  C.  Kerens,  members  of  the  Intercontinental  Railway 
Commission  on  the  part  of  the  United  States. 

In  a  preceding  report,  submitted  May  5,  1891.  the  De- 
partment was  informed  as  to  the  line  determined  upon  to 
be  followed  in  making  the  survey  and  of  the  sailing  of 
the  three  engineering  parties  selected  to  carry  on  the 
work.  The  consuls-general  at  Guayaquil  and  Guatemala 
City  were  instructed  by  the  Department  to  extend  every 
aid  possible  to  the  parties  and  to  duly  present  them  to  the 
different  Governments,  by  whom  they  were  welcomed  in 
the  most  cordial  and  hearty  manner.  The  parties  in 
Ecuador  report  that  they  were  transported,  with  their 
haggage  and  equipments,  from  Guayaquil  to  Quito  by 
that  Government  and  at  its  own  expense.  The  Govern- 
ment of  Guatemala  has  also  extended  many  favors  and 
ordered  some  of  their  engineers  to  assist  in  making  the 
survey  through  that  Republic. 

It  is  gratifying  that  the  republics  have  welcomed  and 
assisted  so  cordially  the  several  surveying  parties,  as  the 
enterprise  is  under  mutual  control  and  for  the  general 
benefit. 

Some  delay  was  occasioned,  owing,  in  part,  to  inade- 
quate communication  and  transportation,  in  the  assem- 
bling of  the  delegates  from  the  distant  republics  in  Wash- 
ington last  winter  ;  and  delay  has  occurred  in  the  payment 
of  the  money  due  from  several  of  the  republics,  congres- 
sional action  being  necessary  in  each  country. 

The  Congress  of  the  United  States  appropriated  165,000 
for  the  year  ending  June  30,  1891.  and  the  same  amount 
for  the  year  ending  June  30,  1892,  making  a  total  of 
fi  30,000.  Of  this  amount  there  was  on  August  i,  1891, 
156,910  remaining  in  the  Treasury  and  available  for  use. 

Chili  has  paid  in  $3,000  and  Columbia  $4,000,  their 
quota  to  the  common  fund  ;  so  that  on  August  i,  1891, 
the  Commission  had  about  $64,000  for  carrying  on  the 
work.  We  have  information  that  some  of  the  other  re- 
publics are  making  arrangements  to  pay  their  proportion. 
The  expenses  are  estimated  at  about  $2,000  for  each  party 
per  month  and  $1,000  for  office  and  all  other  expenses, 
making  about  $7,000  for  the  total  monthly  outlay.  It  is 
therefore  probable  that  it  will  be  found  expedient  to  ask 
of  Congress  a  slightly  larger  appropriation  for  the  next 
fiscal  year.  Your  attention  will  be  called  to  this  matter 
in  another  communication  previous  to  your  transmitting 
to  Congress  your  usual  estimates. 

The  reports  received  from  the  different  surveying  parties 
have  been  very  satisfactory. 

Corps  No.  I,  Lieutenant  M.  M.  Macomb,  U.  S.  A.,  in 
charge,  sailed  from  New  York  April  20.  1891,  and  arrived 
at  Guatemala  City  May  9,  The  other  officers  of  this  party 
are^Lieutenants  Foote,  Kennon,  Rowan.  Reber,  Hedekin. 


U.  S.  A.,  and  Mr.  C.  W.  Haines,  with  Surgeon  W.  C. 
Shannon,  U.  S.  A.,  as  medical  officer.  The  corps  has 
since  been  augmented  by  the  detail  of  four  engineers 
whose  services  were  tendered  by  the  Government  of 
Guatemala.  Under  date  of  July  29.  iSgi,  Lieutenant 
Macomb  reports  that  he  is  working  toward  the  Mexican 
line,  being  encamped  near  Patulul.  After  completing 
the  survey  from  Guatemala  City  to  the  Mexican  line,  he 
will  return  to  Guatemala  City  and  proceed  southward  with 
the  survey  through  Central  America. 

Corps  No.  2,  in  charge  of  Mr.  William  F.  Shunk,  sailed 
from  New  York  April  10.  1891,  and  arrived  at  Guayaquil 
April  21.  and  at  Quito  May  7,  1891.  The  assistants  in 
this  party  are  Robert  Burgess,  William  J.  O'Connell, 
James  Parker.  Thomas  F.  Dempsey,  D.  M.  Martinez,  Jr., 
and  Surgeon  Frederick  N.  Ogden.  U.  S.  N.  Under  date 
of  July  12,  from  Ibarra,  Ecuador,  Mr.  Shunk  reports  that 
he  left  Quito.  June  3,  and,  although  this  is  considered  the 
most  difficult  part  of  the  route,  he  had  made  an  average 
of  about  2i  miles  per  day,  and  at  the  time  of  writing  was 
making  about  4  miles  per  day,  with  the  hope  of  increasing 
that  speed.  He  estimates  the  average  cost  of  the  first  too 
kilometers,  for  grading,  masonry,  and  bridges,  at  $20,000. 
equivalent  to  about  $32,000  per  mile,  and  he  had  not  used 
any  gradient  exceeding  3  per  cent.,  which  is  about  equal 
to  150  ft.  per  mile. 

Corps  No.  3.  in  charge  of  J,  Imbrie  Miller,  accompanied 
Corps  No.  2  as  far  as  Quito  and  then  commenced  survey- 
ing to  the  southward  toward  Peru.  The  other  members 
of  this  party  are  William  D.  Kelley,  Jr.,  W.  L.  Wilson, 
J.  D.  Foster,  J.  R.  Kurtz  (the  latter  sailed  to  join  the 
party  on  the  loth  of  August),  and  Surgeon  C.  W.  Rush, 
U.  S.  N.  Mr.  Miller  reports,  under  date  of  July  14.  that 
his  party  was  then  100  miles  south  of  Quito,  and  a  cable- 
gram informs  us  that  he  had  reached  Cuenca,  160  miles 
south  of  Quito,  on  August  i  ;  this  is  near  the  Peruvian 
boundary.  He  expects  to  maintain  a  speed  of  100  miles 
per  month  over  the  route. 

The  Commission  adjourned  to  meet  in  Washington  dur- 
ing the  coming  winter,  by  which  time  it  is  expected  that 
the  several  engineering  parties  will  have  reported  on  a 
considerable  part  of  the  route,  including  the  most  difficult 
portion. 

Judging  from  the  satisfactory  conference  with  the  dele- 
gates from  the  other  republics  last  winter  in  Washington, 
and  the  cordial  manner  in  which  the  surveying  parties 
have  been  received  and  assisted,  we  are  encouraged  to 
believe  that  the  republics  generally  will  welcome  and  give 
substantial  aid  and  protection  toward  the  construction  of 
the  contemplated  railway. 


TEXAS  &  PACIFIC  STANDARD  COAL  CAR. 


The  accompanying  drawings  show  the  standard  60,000- 
Ibs.  coal  car  of  the  Texas  &  Pacific  Railroad  ;  they  are 
taken  from  the  plans  as  prepared  by  Master  Car-Builder 
W.  D.  Minton,  under  the  supervision  of  M.  W.  Elliott, 
Superintendent  of  Motive  Power  and  Rolling  Stock. 

Fig.  I  is  an  elevation  of  the  car,  one-half  the  length 
being  shown  in  section  and  one-half  in  side  elevation  ; 
fig.  2  is  a  plan,  the  flooring  being  omitted  for  half  the 
length  ;  fig.  3  is  an  end  view  ;  fig.  4  is  a  side  elevation  of 
the  truck  ;  and  fig.  5  is  one-half  an  end  view  and  one-half 
a  section  of  the  truck. 

The  general  dimensions  of  the  car  body  are  :  Length 
outside  of  end  sills,  34  ft.  8  in.  :  width  outside  of  end  sills, 
8  ft.  9^  in.  ;  distance  from  center  to  center  of  transoms, 
25  ft.  ;  distance  from  center  to  center  of  needle  beams.  7 
ft.  The  center  sills  are  9  in.  apart ;  the  first  intermediate 
sills  3  ft.  2}4  in.  and  the  second  intermediate  sills  5  ft. 
7'A  in. 

The  longitudinal  sills  are  434;  x  8  in.  and  43/  x  13  in., 
of  yellow  pine  ;  the  end  sills  7  X  9  in.,  of  white  oak  ;  the 
needle  beams  5X9  in.,  of  white  oak,  and  the  draft 
timbers  4.14  X  8  in.,  of  white  oak.  The  coal  sides  are 
40  in.  in  height  above  the  ])latform.  and  are  of  yellow 
pine  plank  2}4  X  10  in.,  the  side  stakes  being  of  4V  X 
4'/^- in.  white  oak.  The  flooring  is  of  pine  i^  X  8  in., 
with  ship-lapped  joints. 

The  construction  of  the  car  body  is  well  shown  in  the 
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drawings.  There  are  eight  sills  mortised  and  tenoned  into 
the  end  sills,  the  latter  being  secured  by  four  i  ^-in.  truss 
rods.  The  long  sills  are  further  secured  together  by  four 
cross  rods.     The  body  transoms  are  of  i  x  7-in. 


-in, 


centers  of  arch-bars,  6  ft.  3  in.  ;  between  centers  of 
springs,  6  ft.  3  in.  ;  between  centers  of  side-bearings, 
4  ft.  10  in.  The  axles  are  of  iron,  of  the  M.  C.  B. 
standard   pattern   for  60,000-lbs.  cars,  being   45^    in.  in 


Fig.  5. 
TRUCK   FOR  60,000-LBS.   COAL   CAR,   TEXAS   &   PACIFIC   RAILWAY. 


iron,  properly  secured  by  bolts.  The  draft  timbers  are  se- 
cured to  center  sills  and  deadwood  blocks  by  five  i-in. 
bolts,  and  are  further  supported  by  a  carrier  iron  ^  X  3 
in.,  bolted  to  the  end  sills. 

The  draw-heads  are  cast  iron,  with  American  draw  bar 
attachment.     The  continuous  rods  are  iX-i^-  iron,  looped 


Fig.  3- 


at  the  ends  and  secured  by  keys.  The  follower-plates  are 
i>^  X  7  X  II  in.,  and  the  draw-springs  are  of  steel,  6x6 
in.,  two  coil.  The  stake-pockets  are  of  pressed  steel. 
Steps,  brake  irons,  etc.,  are  of  the  usual  pattern. 

The  trucks  are  of  the  rigid  pattern,  and  are  carried  on 
four  33-in.  double-plate  cast-iron  chilled  wheels.  The  dis- 
tance  between  centers  of  axles  is  4  ft.  10  in.  ;  between 


diameter  at  the  center,  sH  in.  at  wheel-seat  and  7  ft.  o)4 
in.  long  over  all,  with  4.}^  X  8-in.  journals.  The  journal 
boxes  are  the  M.  C.  B,  standard  type,  with  Hewitt  lid.  and 
have  the  M.  C.  B.  standard  lead-lined  brasses,  with  mal- 
leable iron  key.  There  are  four  safety  chains  to  each 
truck. 

The  top  arch-bars  are  1%  X  A  in.,  the  bottom  bars 
i^  X  4  in.  and  the  lie-bars  ^  X  4  in.  The  top  bolster  is 
of  white  oak,  10  x  n  in.  and  7  ft.  10  in.  long,  trussed  with 
two  i^-in.  rods  ;  the  bottom  sand-board  is  of  white  oak, 
5X13  in.  and  7  ft.  10  in.  long,  and  trussed  with  two  i-in. 
rods.  Each  truck  has  two  four-group  bolster  springs,  7  in. 
high.  The  center-plate  is  of  steel,  of  pattern  shown  in  the 
drawings,  and  the  king-bolt  is  1^4  in.  in  diameter  and  23 
in.  long.  The  threads  on  all  bolts  are  of  the  U.  S.  stand- 
ard pattern. 

The  brake-gear  is  of  the  usual  pattern,  as  shown  in  the 
drawings,  and  the  brake-beams  are  hung  from  the  car 
body. 

The  St.  Charles  Company  at  St.  Charles,  Mo.,  is  now 
building  300  cars  for  the  road  from  these  drawings. 


A  PROBLEM. 


The  following  has  been  submitted  for  solution  by  Mr. 
Aloha  Vivarttas,  of  New  York.  It  may  be  said  that  it 
has  a  practical  application  in  designing. 

Proposition. — A  pyramid  has  the  following  properties  : 
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1.  The  angle  of  each  of  the  sides  at  the  apex  equals  x. 

2.  A  section  on  any  plane  in  which  lies  the  angle  formed 
by  two  adjacent  sides  has  the  same  angle  x  at  the  apex. 

3.  Any  section  perpendicular  to  any  one  of  the  sides  or 
their  angles  has  all  of  its  angles,  except  those  at  the  base, 
each  equal  x. 

4.  Any  section  parallel  to  any  one  of  the  sides  or  their 
angles  has  all  of  its  angles,  except  those  at  the  base,  each 
equal  x. 

Required  : 

1.  The  angle  x. 

2.  Number  and  description  of  sides. 

3.  Form  of  base. 

4.  Cubic  content. 

Answers  to  this  problem  from  any  correspondent  will 
be  acceptable. 

-♦ 

PROGRESS  IN  FLYING  MACHINES. 


By  O.  Chanute,  C.K. 


(ContinHed /rom page  465.) 


WINGS   AND   PARACHUTES. 

The  earlier  adventurers  upon  aerial  enterprises  pos- 
sessed little  accurate  knowledge  of  the  properties  of  air. 
They  had  only  their  observations  of  the  birds  as  a  guide, 
and  knew  of  no  motive  power  save  that  derived  from  mus- 
cular energy  ;  hence  their  thoughts  first  turned  to  flapping 
wings,  to  be  propelled  by  their  own  exertions.  Some  few, 
as  we  shall  see,  have  considered  the  force  of  the  wind,  but 
it  is  only  since  the  age  of  steam  that  artificial  motors  of 
any  kind  have  been  proposed  for  flying  machines. 

The  well-worn  legends  of  antiquity,  concerning  Deda- 
lus,  Abaris,  Archyias,  etc.,  may  be  passed  over  without 
comment.  They  merely  indicate  how  the  problem  of 
artificial  flight  appealed  to  the  imagination  of  men  from 
the  earliest  periods,  but  some  curious  traditions  will  be 
mentioned,  indicating  partial  successes  in  soaring  flight, 
when  we  come  to  treat  of  aeroplanes. 

About  the  first  authentic  account  which  we  have  of  a 
proposal  to  provide  man  with  flapping  wings  seems  to  be 
due  to  Leonardo  da  Vinci,  the  painter,  sculptor,  architect, 
and  engineer.  He  is  said  not  only  to  have  experimented 
with  aerial  screws  made  of  paper,  and  to  have  designed  a 
parachute,  but  also  to  have  seriously  contemplated  build- 
ing an  apparatus  to  propel  a  pair  of  wings,  of  which  sev- 
eral sketches  have  been  found  in  his  note-books. 

The  first  sketch  shows  a  wing,  actuated  by  the  arms, 
but  Da  Vinci,  becoming  aware,  upon  reflection,  that  all 
possible  muscles  of  man  must  be  brought  into  play  to  act 
effectually  upon  the  air,  designs  in  the  second  and  third 
sketches  an  apparatus  in  which  the  wings  are  to  be  waved 
downward  by  the  legs  and  lifted  up  by  the  arms.  The 
third  sketch  is  represented  in  fig.  2.  In  this  Da  Vinci 
only  shows  the  legs  in  place,  so  as  not  to  obscure  the  con- 


FiG.  a.— LEONARDO   DA   VINCI— 1500. 

struction  of  the  parts.  The  date  is  probably  about  the 
year  1500.  The  construction  is  simple,  and  might  not 
prove  altogether  ineflficient  did  the  muscles  of  man  pos- 
sess the  same  energy  and  rapidity  of  action  as  do  those  of 
birds  in  proportion  to  their  respective  weights.  It  is  not 
known  just  how  far  Da  Vinci  elaborated  his  idea,  but  he 
never  put  it  to  practical  test,  and  it  is  chiefly  mentioned 
liere  as  a  curious  forerunner  of  actual  experiments. 


The  first  wing  experiment  reported  by  tradition  seems 
to  be  that  of  a  French  tight-rope  dancer  named  Allard, 
who.  under  the  reign  of  Louis  XIV.,  announced  that  he 
would  fly  from  the  terrace  at  Saint  Germain  toward  the 
woods  of  Vesinet  in  presence  of  the  king.  It  is  probable 
that  he  had  previously  succeeded  in  gliding  short  dis- 
tances, but  upon  trial  before  the  court  his  strength  failed 
him  ;  he  fell  near  the  foot  of  the  terrace,  and  he  was 
grievously  hurt. 

This  probably  occurred  about  the  year  1660,  and  in 
1678  a  French  locksmith  named  Besnier  constructed  a 


Fig.  3.— BESNIER-1678. 
pair  of  oscillating  wings,  approximately  represented   in 

fig-  3- 

The  apparatus  consisted  of  two  bars  of  wood  hinged 
over  the  shoulders,  and  carrying  wings  of  muslin,  ar- 
ranged like  folding  shutters,  so  as  to  open  flat  on  the 
down  stroke  and  fold  up  edgewise  on  the  up  stroke.  They 
were  alternately  pulled  down  by  the  feet  and  by  the  arms, 
in  such  wise,  that  when  the  right  hand  pulled  down  the 
right  wing,  the  left  leg  pulled  down  the  left  wing,  and  so 
on,  thus  imitating  the  ordinary  movements  in  walking. 

Besnier  did  not  pretend  that  he  could  rise  from  the 
ground  or  fly  horizontally  through  the  air.  He  only  tried 
short  distances  ;  having  begun  by  jumping  off  from  a 
chair,  then  from  a  table,  then  from  a  window-sill,  and 
next  from  a  second  story,  and  finally  from  the  garret,  on 
which  occasion  he  sailed  over  the  roof  of  an  adjoining 
cottage.  He  gradually  grew  more  expert,  sold  his  first 
pair  of  wings  to  a  mountebank,  who  performed  with  them 
at  the  fairs,  and  he  expected  with  his  second  pair  to  fly 
across  moderately  wide  rivers  by  starting  from  a  height, 
but  it  is  not  known  whether  he  ever  performed  this  feat. 

The  illustration  is  evidently  an  imperfect  sketch  made 
from  a  description  ;  for  the  hinging  at  the  shoulder  is  not 
shown,  the  attachment  for  pulling  down  the  wings  with 
the  legs  is  evidently  inefficient,  and  the  supporting  sur- 
faces are  entirely  inadequate.  The  four  wings  are  appar- 
ently each  3  ft.  by  2  ft ;  say,  an  aggregate  of  24  sq.  ft.  in 
area,  while  in  the  table  of  birds,  to  be  given  hereafter,  it 
will  be  seen  that  the  duck,  which  has  the  smallest  bearing 
surface  in  proportion  to  its  weight,  measures  0.44  sq.  ft. 
to  the  pound,  and  at  this  rate  a  man,  weighing,  say,  150 
lbs.,  would  require  wings  aggregating  66  sq.  ft.  in  area.  It 
is  probable  that  Besnier  had  even  more  than  this,  that  he 
took  short  downward  flights  aided  by  gravity,  but  that  he 
utterly  failed  when  he  undertook  to  go  considerable  dis- 
tances. 

It  is  not  stated  whether  the  Marquis  de  Bacqueville  had 
engaged  in  similar  preliminary  practice  when  he  an- 
nounced, in  1742,  that  he  would,  on  a  certain  day,  fly 
across  the  river  Seine  from  his  mansion,  situated  in  Paris 
on  the  quav  at  the  corner  of  the  Rue  des  Saints  Peres,  and 
alight  in  the  Tuilleries,  a  distance  of  500  or  600  ft.  A 
large  crowd  having  assembled  on  the  appointed  day,  the 
marquis,  with  large  wings  attached  to  his  hands  and  to 
his  feet,  launched  himself  into  space  from  the  summit  of 
a  terrace  jutting  out  from  one  side  of  the  mansion. 

Vox  a  space  he  seemed  to  get  along  well,  but  soon  his 
movements  became  uncertain,  he  faltered,  and  then  he  fell, 
alighting  upon  the  deck  of  a  washerwomen's  barge  a  short 
distance  out  into  the  stream.  He  broke  his  leg  in  the  fall, 
and  never  attempted  the  feat  again. 

The  Marquis  de  Bacquer'ille  was  judicious  in  trying  the 
experiment  over  a  water-bed,  for  could  he  have  held  out 
but  a  few  feet  further  he  would  probably  have  escaped 
with  a  mere  ducking.     He  probably  glided  about  120  ft. 
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with  most  violent  exertions,  and  fell  when  his  strength 
became  exhausted.  Fig.  4,  which  is  probably  incorrect, 
represents  the  traditional  apparatus  with  which  this  feat 
was  attempted.  The  surfaces  measure  about  24  ft.  in 
area,  and  are  quite  insufficient  to  sustain  the  weight  of 
a  man. 

Aware  of  this  experiment  of  De  Bacqueville  and  of  its 
consequences,  the  Abb^ Desforges,  a  canon  of  the  church  at 
Sainte-Croix  at  Etampes,  invented,  in  1772,  a  flying  chariot, 


Fig.  4.— de  BACQUEVILLE— 1742. 

with  two  wings  and  a  small  horizontal  sail  or  aeroplane  at- 
tached, whicn  from  contemporary  descriptions  seem  to 
have  measured  about  145  sq.  ft.  in  aggregate  area.  He 
expected  to  rise  from  a  height  of  a  few  feet  above  the 
ground,  and  to  fly  horizontally  by  rapidly  beating  his 
wings.  Upon  actual  trial,  the  machine  being  held  aloft 
by  four  men,  the  Abbe  flapped  violently,  but  utterly  failed 
to  start  off.  Indeed,  some  of  the  accounts  say  that  the 
action  of  the  wings  pulled  him  down  instead  of  up,  so 
that  he  got  a  harmless  tumble  when  the  men  let  go. 

In  1781,  Blanchard,  who  subsequently  became  a  fervent 
aeronaut,  and  who  was  the  first  to  cross  the  British  Chan- 
nel in  a  balloon,  constructed  near  Paris  a  flying  chariot 
with  four  wings,  measuring  in  the  aggregate  some  200 
sq.  ft.  in  area.  He  never  exhibited  the  apparatus  in  pub- 
lic, having  probably  ascertained  by  private  experiment 
that  he  was  unable  to  move  the  wings  rapidly  enough  to 
produce  any  useful  effect. 

These  last  two  experiments,  taken  in  connection  with 
those  previously  mentioned,  exhibit  fairly  well  the  two 
horns  of  the  dilemma  that  confront  inventors  who  en- 
deavor to  provide  man  with  wings  to  be  worked  by  his 
own  muscular  power.  Either  those  wings  have  to  be 
relatively  small,  in  order  to  permit  their  being  waved  rap- 
idly— and  then  they  do  not  afford  sufficient  supporting 
area — or  if  they  are  made  to  approximate  to  the  proportion 
which  generally  obtains  with  birds,  or  about  one  square 
foot  to  the  pound,  they  become  so  large  that  the  man  docs 
not  possess  the  muscular  power  to  wave  them  at  any 
adequate  speed. 

Ideas,  however,  die  hard,  and  we  may  disregard  some- 
what the  chronological  order  of  date,  in  order  to  follow 
the  evolution  of  the  small-wing  idea,  which  each  fresh  in- 
ventor fancies  has  been  incorrectly  worked  out  by  his 
predecessors. 

Of  these  was  Bourcart,  who  in  1866  experimented  with 
the  apparatus  shown  in  fig.  5.  It  consisted  of  four  wings 
with  a  feathering  action,  so  that  it  presented  the  edge  to 
the  air  upon  the  up  stroke  and  the  broad  side  upon  the 


Fig.  5.— bourcart— 1866. 

down  stroke,  but  the  results  were  insignificant,  and  the 
experiment  was  abandoned.  The  supporting  areas  meas- 
ure approximately  some  36  sq.  ft.,  but  are  only  effective 
upon  the  down  stroke. 

V  In  1873  Professor  Pettigrew  published  his  work  on 
*•  Animal  Locomotion,"  in  which  he  called  attention  to 


the  fact  that  birds  in  flapping  flight,  flex  their  wings  so  as 
to  resemble  a  screw  propeller,  and  that  the  tips  describe  a 
figure  of  8  motion.  This  led  to  the  inference  that  man 
had  not  succeeded  in  raising  himself  with  wings  because 
he  had  not  hit  upon  the  right  motion,  and  in  1879  Dan- 
drieux  constructed  an  apparatus  in  which  the  wings  were 
attached  to  an  oblique  axle,  so  as  to  describe  a  figure  of 
8  movement.     This  is  represented   in  fig.  6,  and  there 


Fig,  6,— DANDRIEUX— 1879. 

being  but  two  wings  in  place  of  four,  the  supporting  sur- 
faces measure  about  32  sq.  ft.  in  area.  The  result  was 
not  satisfactory  ;  a  partial  alleviation  of  the  weight  was 
obtamed,  but  nothing  like  human  flight  or  the  hope  of  it. 

A  much  more  successful  experiment  had,  however,  pre- 
viously been  made  at  the  first  Exhibition  of  the  Aeronauti- 
cal Society  of  Great  Britain,  held  at  the  Crystal  Palace,  in 
London,  in  1868.  Mr.  Charles  5/^«r^r  exhibited  an  ap- 
paratus consisting  of  a  pair  of  wings  measuring  each 
15  sq,  ft.  in  area,  to  which  was  attached  an  aeroplane 
measuring  no  ft.  more,  and  also  a  tail  like  a  boy's  dart, 
and  a  longitudinal  keel-cloth  to  preserve  the  equilibrium, 
the  whole  weighing  24  lbs.  and  giving  a  sustaining  sur- 
face of  140  sq.  ft.  As  Mr.  Spencer  was  an  athlete,  he 
was  enabled,  by  taking  a  preliminary  run  down  a  little  hill, 
to  accomplish  short  horizontal  flights  of  120  to  130  ft,,  in 
which  he  was  wholly  sustained  by  the  air.  He  weighed 
140  lbs.,  and  his  apparatus,  which,  it  will  be  noted  from 
the  description,  differed  from  those  which  propose  "  wings 
for  man"  by  the  addition  of  an  aeroplane,  measured  0.85 
sq.  ft.  to  the  pound,  or  about  the  proportion  of  the  larger 
soaring  birds.  The  experiments  attracted  great  attention 
at  the  time,  but  were  not  sufficiently  encouraging  to  war- 
rant pursuing  the  matter  further. 

At  the  same  exhibition  Mr.  W.  Gibson  showed  a 
machine  consisting  of  two  pairs  of  wings,  worked  by  the 
hands  and  feet  together,  so  as  to  impart  a  feathering 
movement  similar  to  that  of  birds.  He  stated  that  in  a 
former  machine,  having  only  one  pair  of  wings  of  lighter 
construction,  their  action  upon  the  air  during  a  vigorous 
down  stroke  was  sufficient  to  raise  the  man  and  machine  ; 
but  no  practical  demonstration  was  given,  and  although 
the  inventor  stated  that  he  was  then  engaged  in  construct- 
ing a  more  perfect  machine,  nothing  more  has  been  heard 
of  It. 

Notwithstanding  these  many  failures,  the  idea  does  not 
seem  to  be  dead  yet,  for  in  September,  1890,  Mr.  W. 
Quartermain,  who  exhibited  an  explosion  engine  for 
aerial  purposes  in  1868,  in  which  the  motive  power  was 
derived  from  the  gases  generated  from  a  species  of  rocket 
composition,  wrote  a  letter  to  the  London  Engineer,  in 
which  he  stated  that  he  had  abandoned  his  attempts  to 
procure  a  light  and  energetic  motor  from  hydrocarbonous 
matter,  in  favor  of  man's  weight  and  muscular  power, 
which  he  considers  preferable,  and  was  then  engaged  in 
experimenting  with  an  apparatus  consisting  of  four  wings, 
formed  after  the  stag  beetle  type,  each  10^  ft,  long  by  2\  ft. 
wide,  opposing  90  sq,  ft,  of  expanse  of  surface  to  the  air. 
This  arrangement  weighed  350  lbs,,  including  212  lbs.  for 
the  weight  of  the  operator,  who  by  working  both  handles 
and  treadles,  thus  bringing  all  his  muscles  into  action  as 
well  as  his  weight,  was  enabled  to  wave  the  wings,  which 
are  25  ft.  from  tip  to  tip,  so  as  to  produce  a  double  stroke 
for  every  single  stroke  of  his  body  on  the  motive  shaft.  He 
describes  the  result  as  resembling  that  of  domestic  fowls 
flapping  their  wings  without  lifting  themselves  from  the 
ground,  but  is  of  opinion  that  the  uplifting  force  was 
greater  than  his  weight  of  212  lbs.,  and  believes  that 
further  improvements  in  the  mechanism,  with  more  skilful 
workmanship,  might  produce  an  ascensive  force  greater 
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than  the  whole  weight  of  350  lbs.  This  may  well  be 
doubted,  for  not  only  will  it  be  shown  hereafter  that  the 
energy  of  man  must  be  less  than  that  of  birds,  but  none 
of  the  latter  fly  with  so  small  a  bearing  surface  in  propor- 
tion to  the  weight— 0.26  square  foot  to  the  pound — as  in 
Quartermain  's  apparatus. 

It  has  been  suggested,  however,  that  umbrella-like  sur- 
faces might  prove  more  effective  than  wings,  and  increase 
the  uplift  to  be  derived  from  the  air.  Such 
contrivances  were  experimented  upon  by  Sir 
George  Cayley,  who  constructed,  about  1808, 
a  pair  of  wings  which  appear  from  the  draw- 
ings to  have  been  a  fabric  stretched  tightly 
oyer  a  dished  frame,  this  framework  consisting 
of  two  ribs  at  right  angles  to  each  other,  bent 
and  tied  across  so  as  to  secure  rigidity.  This 
double  umbrella  contained  54  sq.  ft.  and  weighed 
only  11  lbs.,  and  the  inventor  says  :  "  Although 
both  these  wings  together  did  not  compose  more 
than  half  the  surface  necessary  for  the  support 
of  a  man  in  the  air,  yet  during  their  waft  they 
lifted  the  weight  of  9  stone"  (126  lbs.).  It  is 
not  stated  with  what  speed  they  were  wafted 
nor  with  what  power,  but  that  the  result  did 
not  promise  to  provide  "  wmgs  for  man"  may 
be  inferred  from  the  fact  that  Sir  Geor^^e  Cay- 
Icy,  in  a  very  valuable  series  of  articles  in 
Nicholson  s  Journal  for  1809  and  1810,  starts 
out  with  the  assertion  that,  in  order  to  accom- 
plish aerial  navigation,  "  it  is  only  necessary  to 
have  a  first  mover  which  will  generate  more  power  in  a 
given  time,  in  proportion  to  its  weight,  than  the  animal 
system  of  muscles." 

The  next  experiments  with  umbrella-like  wings  attracted 
attention  all  over  Europe.  They  were  carried  on  by 
J.  Degen,  a  clockmaker  of  Vienna,  from  1809  to  1812, 
with  the  apparatus  shown  in  fig.  7.  It  consisted  of  two 
wings  8^  ft.  wide  and  22  ft.  across  in  the  aggregate,  each 
being  shaped  somewhat  like  a  poplar  or  an  aspen  leaf. 


Fig.  7.— DEGEN— i8ia. 

They  were  stretched  upon  an  umbrella-like  frame  and 
thoroughly  braced  back,  both  above  and  below,  to  a  cen- 
tral stick  by  a  number  of  small  cords.  The  supporting 
surfaces  consisted  of  bands  of  taffeta  so  attached  as  to 
have  a  valvular  action,  in  order  to  imitate  the  supposed 
action  of  the  feathers  of  birds,  and  the  total  supporting 
surface  was  130  sq.  ft.,  while  the  weight,  without  the 
operator,  was  stated  at  20  lbs. 

With  this  apparatus  Degen  was  stated,  in  1809,  to  have 
risen  to  a  height  of  54  ft.,  by  beating  his  wings  rapidly,  in 
presence  of  a  numerous  assembly  in  Vienna,  and  all  the 
newspapers  began  to  publish  accounts  of  the  performance. 

These  descriptions  failed  to  mention  one  important  ad- 
dition. Degen  was  also  attached  to  a  small  balloon  capa- 
ble of  raising  90  lbs.,  so  that  the  uplift  exerted  by  the 
wings  was  only  70  lbs.  of  the  160  lbs.  weight  of  the  oper- 
ator and  his  apparatus. 

In  181 2  Degen  went  to  Paris  to  exhibit  his  invention. 
He  then  stated  that  the  balloon  was  of  no  sort  of  utility  in 
obtaining  headway,  but  that  it  was  necessary  as  a  counter- 
poise to  maintain  his  equilibrium  and  to  lighten  his 
muscular  efforts.  He  evidently  expected  by  the  action  of 
his  wings  to  drag  the  balloon  along  in  still  air  while  it 
lifted  part  of  his  weight. 

He  gave  three  public  exhibitions  in  Paris,  but  unfor- 
tunately for  him,  as  there  was  wind  upon  each  occasion,  he 
was  blown  away,  and  on  the  third  attempt  he  was  attacked 
by  the  disappointed  spectators,  beaten  unmercifully,  and 
laughed  at  afterward  as  an  impostor. 

The  umbrella  idea  had,  however,  previously  proved  to 
be  of  value  for  parachutes,  and  in  1852  Letur  devised  the 


apparatus  shown  in  fig.  8,  with  which  he  expected  to 
direct  himself  through. the  air,  by  means  of  the  wings  and 
tail,  first  starting  from  an  elevation. 

In  1854  he  ascended  from  Cremorne  Gardens  in  London, 
suspended  about  80  ft.  below  a  balloon  manoeuvred  by 
Mr.  Adam,  the  areonaut,  who  was  assisted  by  a  friend. 
Letur  performed  several  evolutions  in  the  air  by  means  of 
his  wings,  none  of  them  apparently  very  conclusive ;  but 


Fig.  8.-LETUR— i8sa. 

in  coming  down  near  Tottenham,  the  wind  carried  the 
apparatus  violently  against  some  trees,  and  poor  Letur 
received  injuries  which  resulted  in  his  death. 

His  apparatus  measured  about  660  sq.  ft.  in  bearing 
surface,  and  had  he  been  entirely  detached  from  the  bal- 
loon, it  is  possible  that  he  might  have  reached  the  gound 
in  safety  ;  but  it  is  evident  that  his  wings  would  have  been 
of  little  service  in  enabling  him  to  obtain  more  than  a 
slight  horizontal  direction. 

Undeterred  by  this  sad  fate,  a  Belgian  shoemaker 
named  De  Groof  designed,  in  1864,  an  apparatus  which 
was  a  sort  of  cross  between  beating  wings  and  a  parachute. 
His  plan  was  to  cut  loose  with  it  from  a  balloon,  and  to 
glide  down  in  a  predetermined  direction  by  manoeuvring 
the  supporting  surfaces.  He  endeavored  to  make  a 
practical  experiment,  both  in  Paris  and  in  Brussels, 
but  it  was  only  in  1874  that  he  succeeded  in  doing  so  in 
London. 

The  apparatus  is  shown  in  fig.  9.  It  consisted  of  two 
wings,   each  24  ft.  long,  moved   by  the  arms  and  the 


Fig.  9.— de  GROOF— 1864. 

weight  of  the  operator,  and  of  a  tail  20  ft.  long,  which 
could  be  adjusted  by  the  feet. 

De  Groof  first  went  up  on  June  29,  1874,  from  Cremorne 
Gardens,  London,  attached  to  the  balloon  of  Mr.  Sim- 
mons. He  came  down  safely,  and  claimed  to  have  cut 
loose  at  a  height  of  1,000  ft.,  but  it  was  subsequently 
stated  by  others  that  in  point  of  fact  he  had  not,  upon 
this  occasion,  cut  loose  at  all,  but  had  descended  still 
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attached  to  the  balloon.  In  any  event,  he  went  up  again 
on  July  5  following,  with  the  same  aeronaut,  and  on  this 
occasion  he  really  did  cut  loose. 

The  result  was  disastrous.  As  soon  as,  in  the  descent, 
pressure  gathered  under  the  moving  wings,  they  were 
seen  to  collapse  together  overhead  and  to  assume  a  verti- 
cal position,  when  De  Groo/  ca.mG  down  like  a  stone,  and 
was  killed  on  the  spot. 

Had  the  wings  been  prevented  from  folding  quite  back, 
by  means  of  suitable  stops,  the  descent  might  not  have 
proved  fatal.  The  area  of  the  wings  and  tail,  as  extended 
horizontally,  is  said  to  have  amounted  to  220  sq.  ft.,  while 
the  weight  of  the  man  and  machine  was  350  lbs.,  or  at  the 
rate  of  0.65  square  foot  to  the  pound.  This  corresponds 
to  a  pressure  of  1.54  lbs.  to  the  square  foot,  which  would 
be  generated  by  a  velocity  of  2.5.7  ft.  per  second,  or  a  free 
fall  from  a  height  of  10.3  ft.;  an  unsafe  distance  for  an 
ordinary  person,  but  not  for  a  trained  acrobat. 
,  Ordinary  parachute  practice  is  said  to  allow  from  2  to 
3  sq.  ft.  per  pound,  corresponding  to  velocities  in  falling 
of  14.7  to  12  ft.  per  second. 

It  was  the  most  egregious  folly  for  Letur  and  De  Groof, 
as  well  as  for  Cocking,  who  was  killed  in  1836  in  an  ex- 
periment with  a  parachute  shaped  like  an  inverted  um- 
brella, to  attempt  a  descent  with  an  apparatus  previously 
untried  to  test  its  strength  and  behavior.  A  few  prior 
experiments,  with  a  bag  of  sand,  instead  of  the  man,  would 
have  exhibited  the  action  that  was  to  be  expected. 

Another  class  of  inventors  of  "wings  for  man"  have 
endeavored  to  secure  safety  by  the  use  of  large  bearing 
surfaces.  The  first  of  these  was  probably,  Meerioein, 
architect  to  the  Prince  of  Wales,  in  1784,  who  proposed 
an  apparatus  shaped  like  the  longitudinal  section  of  a 
spindle,  separated  into  two  wings,  by  a  hinge  at  the  center. 
It  measured  nearly  200  sq.  ft.  in  area,  and  probably  was 
never  tried,  but  if  it  had  been,  it  is  quite  certain  that  a 
man  could  never  have  imparted  to  the  wings  sufficient 
velocity  to  perform  any  useful  effect. 

The  next  proposal  of  this  class  was  that  of  Bryant,  who 


amount  of  ingenuity  or  skill  can  enable  him  to  accomplish 
this  feat. 

It  has  been  argued  that  there  is  no  proof  that,  weight 
for  weight,  a  man  is  comparatively  weaker  than  a  bird, 
and  that,  inasmuch  as  he  can  raise  his  weight  in  walking 
up  a  stairway,  he  should  be  able  to  raise  it  by  acting  upon 
the  air  with  a  suitable  apparatus.     The  weak  point  about 


Fig.  II.— LE  BRIS-18S7. 

this  argument  is  not  only  that  the  weight  and  bulk  of  such 
an  apparatus  become  a  surcharge  on  the  muscular  power 
of  the  man,  as  would  be,  for  instance,  the  case  were  an 
artificial  pair  of  wings  applied  10  an  ostrich,  but  that 
among  the  birds  themselves  the  power  to  rise  vertically 
unaided  does  not  exist  for  the  larger  species.  These  have 
to  resort  to  various  artifices,  such  as  running  against  the 
wind  or  dropping  from  a  perch,  in  order  to  gain  that 
initial  velocity  which  enables  their  surfaces  to  derive  sup- 
port from  the  air,  and  this  probably  furnishes  a  good 
reason  why  no  flying  birds  exceed  some  50  lbs.  in  weight ; 
for  small  animals  must  possess  more  energy  in  proportion 
to  their  size  than  large  ones. 

Assuming  that  the  speed  of  contraction  in  the 
muscles  of  two  similar  birds  of  different  sizes  is 
the  same,  it  is  evident  that  the  work  done  per  unit 
of  time  will  be  in  ratio  to  the  sectional  area,  or  as 
the  square  of  the  dimensions,  while  the  weight  to 
be  moved  will  vary  as  the  cube  of  the  dimensions  ; 
hence  the  rate  of  increase  between  the  energy  and 
the  weight  will  be  : 
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Energy        varies  as 
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weight. 


or  to  put  it  in  the  shape  of  formulas  which  shall 
express  the  relative  energy  of  animals  of  the  same 
class  : 


JFiG.  10— BREANT— 1854. 


designed  in  1854  the  apparatus  shown  in  fig.  10.  It  con- 
sisted of  two  wings,  each  measuring  about  54  sq.  ft.  in 
area,  and  provided  with  three  valves  to  relieve  pressure 
on  the  up  stroke.  The  down  stroke  was  to  be  produced 
by  the  joint  action  of  the  feet  and  hands,  and  the  wings 
were  to  be  drawn  back  by  elastic  cords.  It  is  not  known 
whether  it  was  ever  tried,  but  it  would  have  proved  in- 
effective if  it  had  been. 

The  next  design  was  that  of  Le  Bris  in  1857,  which  is 
exhibited  by  fig.  11.  By  noting  the  little  man  working 
the  levers  in  the  center,  the  proportions  of  the  apparatus, 
which  seems  to  have  measured  some  550  sq.  ft.  in  area, 
will  be  appreciated.  It  is  said  to  have  been  experimented 
with  in  a  small  model,  in  which  levers  pulled  down  the 
wings  which  were  then  drawn  back  by  springs,  but  it  did 
not  succeed  in  rising  into  the  air,  as  was  hoped  by  the 
inventor. 

Before  proceeding  to  describe  other  designs  for  winged 
machines,  to  be  driven  by  artificial  motors  instead  of 
muscular  power,  it  may  be  well  to  call  attention  to  the 
fact  that  not  only  has  every  attempt  of  man  to  raise  him- 
self on  the  air  by  his  own  muscular  efforts  proved  a  com- 
plete failure,  but  that  there  seems  to  be  no  hope  that  any 
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These],  being  all  merely  different  ways  of  writing  it. 
Hence  we  see  that  the  energy  of  birds  will  only  increase 
as  the  \  power  of  their  weight,  and  that  there  will  be 
an  increase  of  size  beyond  which  they  will  not  be  able  to 
develop  the  work  required  for  a  start.* 

But  man  is  also  at  a  further  disadvantage.  Not  only 
do  birds  have  an  enormous  muscular  development,  but 
their  muscles  contract  at  a  much  more  rapid  rate  than 
those  of  other  animals.  Were  men,  therefore,  not  already 
relatively  weaker  than  smaller  animals,  in  consequence 
of  the  physical  law  which  has  been  stated,  they  would  still 
be  unable  to  develop  energy  fast  enough  to  rise  on  the  air 
with  a  pair  of  wings.  They  can  raise  their  weight,  it  is 
true,  but  not  as  quickly  as  the  birds.  They  can  run  up  a 
stairs  at  the  rate  of  about  3  ft.  per  second,  while  the  spar- 
rows rise  up  vertically  at  thrice  that  speed,  and  fly  hori- 
zontally at  22  ft.  per  second. 

(to  be  continued.) 


*  Thus  a  bird  of  50  lbs.  weight  can  do  no  more  work  in  a  given  time  than 
V>%  =  «3-S7  similar  birds  each  weighing  ilb.,or  a  bird  of  1,000  lbs.,  did  such  a 
one  exist,  could  only  develop  the  same  number  of  foot-pounds  per  minute  aA 
the  aggregate  of  xoo  analsgous  birds,  each  of  i  lb.  weight.^ 
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A  LARGE  STEAM  CrAnE. 


The  accompanying  illustration,  from  Iron,  shows  a 
steam  "  Titan"  crane  lately  completed  by  Ransomes  & 
Rapier,  of  Ipswich,  England,  for  the  harbor  works  at 
Madras,  India.  It  is  intended  to  lift  concrete  blocks 
weighing  32  tons  each,  which  are  used  in  building  the 
breakwater.  In  the  illustration  it  is  shown  lifting  the  test 
load  of  40  tons. 

"^  All  the  motions  of  the  apparatus  are  controlled  by  a  set 
of  levers  placed  on  the  platform  within  easy  reach  of  one 
man,  who  has  absolute  control  of  every  movement  of  the 
machine.  Its  actual  weight,  without  water-ballast  or 
load,  is  152  tons,  so  that  when  it  is  travelmg  with  its  40 
tons  of  load  and  its  water-ballast  there  are  210  tons  absolute 
weight  in  motion.  The  momentum  is  therefore  very  great, 
and  provision  had  to  be  made  to  reduce  this  force  gradu- 
ally. The  slewing-round  gear,  for  instance,  is  remarkably 
free,  and  40  tons  moving  round  at  a  radius  of  50  ft.  would 
acquire  a  momentum  much  in  excess  of  the  actual  weight. 
To  provide  for  easmg  off  this  force,  spring  drivers  are  in- 
troduced in  various  portions  of  the  gear,  and  their  opera- 


curve,  although  both  are  driven  by  the  same  engine.  The 
machine  in  this  respect  has  been  tested  in  the  yard  on  a 
curve  of  90  ft.  radius,  and  found  to  answer  admirably. 
The  blocks  with  which  the  "  Titan"  will  have  to  deal  are 
seized  in  powerful  claws,  which  close  automatically  on  the 
load  and  raise  it  by  sheer  power  of  grip.  When  these 
blocks  are  suspended  over  the  position  they  are  intended 
to  occupy,  there  is  another  automatic  appliance  by  which 
the  claws  are  made  to  release  their  hold.  In  this  way  the 
foundations  of  the  new  structure  will  be  laid  under  water. 
Subsequently,  when  more  accurate  work  will  be  required, 
the  blocks  of  concrete  will  be  gently  lowered  down,  and 
adjusted  upon  the  prepared  foundation.  The  "  Titan"  is 
made  of  mild  steel,  and  all  the  parts  are  carefully  machined 
and  put  together  with  turned  fitting  bolts,  the  rivet  holes 
being  accurately  drilled. 


A  NEW  QUADRUPLE-EXPANSION  ENGINE. 


TITAN    STEAM    CRANE,    MADRAS    HARBOR    WORKS. 

tion  is  so  successful^that  the  driver  may  set  his  engine  at 
full  speed  in  one  direction,  and  then  reverse  the  friction 
cones  to  drive  in  the  opposite  direction,  the  engine  still 
running  at  full  speed.  Even  with  such  a  severe  test,  no 
shock  is  perceptible  in  any  part  of  the  gear.  The  load 
swings  round  in  a  forward  direction  for  some  little  time 
after  the  gear  is  reversed  ;  it  then  comes  gradually  to  a 
stop  without  any  perceptible  jerk,  and  as  gradually  starts 
off  in  the  opposite  direction,  also  without  shock. 

The  gearing  which  causes  the  crane  to  travel  on  the  rails 
is  also  provided  with  spring  drivers,  which  enable  the  en- 
gines to  make  several  revolutions  before  the  "  Titan" 
begins  to  travel,  the  power  having  been  gradually  accumu- 
lated in  the  spring  drivers,  and  as  gradually  given  out. 
Several  other  important  features  are  embodied  in  this 
'*  Titan."  It  has  not  only,  for  instance,  to  swing  all  round 
the  circle  with  a  full  load,  but  it  must  also,  owing  to  the 
shape  of  the  breakwater  upon  which  it  is  to  be  employed, 
be  able  to  travel  upon  a  curved  road.  To  secure  this  re- 
sult, the  "  Titan"  is  placed  upon  12  wheels,  in  three 
groups  of  two  each  on  either  side.  The  outer  groups  at 
the  four  corners  are  on  pivoted  trucks  ;  the  central  groups 
only  arc  driven,  and  by  means  of  differential  gear  on  the 
Jack-in-the-box  principle  the  wheels  on  the  outer  curve  can 
travel  over  a  greater  distance  than   those  on  the  inner 


The  illustration  herewith  shows  a  quadruple-expansion 
>  engine,  designed  by  Mr.  Frank  Chaese,  of  Hartford,  Conn. 

It  is  reproduced  from  a  photograph  of 
a  complete  model  made  by  Mr.  Chaese 
on  a  scale  of  )^  in.  =  i  ft.,  which  ex- 
actly represents  the  larger  engine.  The 
dimensions  of  the  model  are  :  cylin- 
ders, ^  in.,  iy%  in.,  2  in.  and  2*|  in. 
diameter,  and  1%  in.  stroke.  The  en- 
gine represented  has  cylinders  14  in., 
22  in.,  32  in.  and  45  in.  diameter  and 
28  in.  stroke,  and  is  intended  to  work 
with  a  boiler  pressure  of  200  lbs. 

As  will  be  seen  from  the  cut,  the  en- 
gine is  of  the  vertical,  inverted  type, 
with  cylinders  arranged  in  pairs.  The 
aim  of  the  inventor  has  been  to  make 
an  engine  which  will  still  be  serviceable 
after  any  ordinary  accident  while  at  sea. 
A  system  of  duplication  of  parts  has 
been  carried  throughout,  and  every 
piece  is  readily  accessible  for  adjust- 
ment or  repair,  while  the  space  re- 
quired for  the  engine,  both  fore-and-aft 
and  vertically,  has  been  reduced  to  a 
minimu  m.  The  bearing  surfaces  are  all 
unusually  large,  and  well  supplied  with 
means  of  lubrication  ;  also  with  a  water 
service  having  universal  joints  for  all 
parts,  and  hose  connections  for  emer- 
gencies. 

The  engine  is  on  the  tandem  princi- 
ple,   and   constitutes  two   distinct  en- 
gines, either  of  which  may  be  used  in- 
dependently  of    the   other  in    case  of 
breakdown.     !The   high-pressure   and    first   intermediate 
cylinders  form^the  forward  engine,  the  second  intermediate 
and  low-pressure  cylinders  the  after  engine. 

The  crank  shaft  is  made  in  two  similar  sections,  flanged 
and  connected  in  the  center  with  a  dowel  having  ample 
surface,  in  place  of  the  ordinary  coupling  bolts  ;  this  greatly 
facilitates  disconnecting  the  engines.  In  case  the  forward 
engine  breaks  down,  the  dowel  is  removed  from  the  shaft 
and  steam  let  into  the^after  engine  through  a  reducing  valve. 
The  after  engine  then  runs  as  a  compound  condensing  en- 
gine. Should  the  after  engine  be  disabled,  the  connecting 
rod  is  removed  from  the  crank-pin  and  secured  out  of  the 
way  ;  connection  is  made  between  the  first  intermediate 
exhaust  and  condenser,  and  the  forward  engine  then  runs 
as  a  compound  condensing  engine.  The  lengths  of  crank 
shaft  are  short,  and  a  spare  length  is  of  course  carried  to 
provide  for  accident  in  this  direction.  All  the  necessary 
valves  for  these  changes  are  provided.  The  throttle  valve, 
combined,  reducing  and  blow-through  valve,  cylinder 
drain  cocks  and  reversing  levers  are  all  worked  from  the 
starting  platform. 

The  cylinders  are  steam-jacketed  and  dripped  into  the 
condenser  ;  they  have  also  a  coat  of  asbestos  and  a  neat 
wood  lagging.  Relief  valves  of  ample  area  are  attached 
to  each  end  of  the  cylinders,  also  the  necessary  indicator 
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cocks  and  connections.  The  main  valves  are  all  piston 
valves,  the  upper  portion  being  made  slightly  larger  in 
area  than  the  lower  portion  ;  this  perfectly  balances  all  the 
valve  gearing. 

The  cylinder  pistons  are  attached  to  their  rods  by  an 


CHAESE'S   QUADRUPLE-EXPANSION    ENGINE. 

adjustable  screwed  collar  and  nut,  which  arrangement  is 
quite  rigid,  but  in  case  of  accident  allows  the  pistons  to 
be  easily  removed  ;  the  lower  rods  may  also  be  made 
smaller  by  this  method  than  by  the  usual  tapered  form. 

The  upper  cylinders  are  supported  on  six  short  wrought- 
iron  columns,  any  one  of  which  may  be  readily  removed 
for  packing  stuffing-boxes,  examining  or  adjusting  pistons 
or  valves. 

Split  stufling-boxes  and  collar  bushes  are  used  between 
the  upper  and  lower  cylinders.  The  long  sleeve  serves  as 
an  excellent  guide  to  the  piston  rods,  while  one  set  of  four 
stuffing-boxes  is  dispensed  with  and  the  vertical  height  of 
the  engine  reduced. 

One  of  the  forward  columns  of  the  A-frame  is  used  as 
an  oil  reservoir  ;  the  go-ahead  slides  are  detachable,  the 
shoes  are  broad  and  long  and  fitted  with  combs  dipping 
into  oil  boxes  at  the  foot  of  the  guides  in  addition  to  the 
oil  syphon  pipes  above. 

The  engine  counter  is  simple  in  construction,  but  reli- 
able.    It  is  attached  to  the  after  column. 

The  valve  gearing  is  a  modification  of  the  Allen  straight 
link.  The  link  is  suspended  in  such  a  manner  that  the 
slipping  of  the  block  in  the  link  is  greatly  reduced,  and  a 
quicker  admission  and  cut-off  effected.  Reversing  is  done 
either  by  steam  or  by  hand.  The  hand  arrangement  is  a 
small  force  pump  connecting  to  the  same  oil  vessel  and 
levers  as  the  steam  reversing  gear,  a  lew  strokes  of  the 
hand-pump  being  sufficient  to  reverse  the  engine. 

The  steam  reverser  consists  of  a  steam  and  an  oil  cylin- 


der connected  together  and  giving  motion  to  the  valve 
spindles  and  links.  A  lever  to  the  steam  cylinder,  and  a 
two-way  valve  to  the  oil  cylinder  allow  the  engine  to  be 
reversed  at  will  and  the  cut-off  fixed  immovably  at  any 
point. 

In  connection  with  this  reversing  gear  is  a  positive 
and  very  sensitive  governor,  which  has  complete  con- 
trol over  the  main  engine  at  all  times  through  the 
medium  of  the  links,  though  it  does  not  interfere  with 
the  easy  starting,  stopping  and  reversing  of  the  en- 
gine. All  the  eccentrics  are  keyed  on  to  the  shaft  in 
the  usual  manner,  excepting  the  forward  engine  go- 
ahead  eccentric.  The  lead  of  the  latter  may  be  varied 
according  to  judgment  by  a  simple  device,  which  is 
perfectly  rigid  when  locked. 

The  condenser,  it  is  claimed,  is  very  efficient. 
Water  from  the  circulating  pump  is  discharged  in 
two  directions — around  the  jacket  and  through  the 
tubes.  Large,  easily  accessible  doors,  manholes  and 
handholes  are  provided  ;  also  a  shifting  valve  at  the 
lowest  point.  The  hot-well  has  water  gauges,  vapor 
pipe  and  manhole,  and  forms  part  of  the  condenser 
casting. 

All  the  pumps  are  worked  from  the  main  engine. 
There  are  two  feed-pumps  and  two  bilge-pumps. 
i:.iiher  feed-pump  is  sufficient  for  the  boiler  under 
ordinary  circumstances.  They  are  placed  considera- 
bly below  the  hot-well  so  as  to  be  always  flooded, 
and  are  provided  with  stop  valves,  relief  valves,  air 
vessels  and  pet-cocks.  The  bilge-pumps  are  likewise 
so  provided. 

The  air  pump  is  single-acting,  and  is  placed  low 
down  on  the  condenser  to  avoid  trouble  in  working. 

The  circulating  pump  is  double-acting,  and  of 
ample  capacity  for  water  of  all  temperatures,  the  main 
injection  valve  being  readily  accessible.  Pipes  about 
the  pumps  are  dispensed  with  as  far  as  practicable, 
short  passages  being  cast  in  the  barrels. 

There  is  an  auxiliary  engine  bolted  to  the  bed- 
plate, a  worm  from  which  engages  vujth  a  wheel  on 
the  main  shaft.  A  swinging  bracket  and  clutch  allow 
the  worm  to  be  thrown  out  of  gear  instantly,  as  this 
arrangement  is  only  designed  for  turning  the  main 
engines  when  overhauling,  etc.  This  auxiliary  en- 
gine can  be  used  as  a  powerful  pump  for  all  pur- 
poses, suitable  connections  being  made  to  condenser, 
hot-well,  sea  and  bilges. 

Reversing  is  effected  by  one  lever  reversing  the 
steam,  cams  on   the  shaft  giving  the  necessary  lead 
and  cut-off  to  the  balanced  valves,  while  the  absence 
of  connecting  and  eccentric  rods  make  a  remarka- 
bly compact  machine. 

The  thrust  block  has  a  double  set  of  conical  rollers  run- 
ning in  oil,  which  take  the  full  thrust  of  the  propeller. 
Adjustable  plates  fore  and  aft  take  up  the  wear.- 

The  general  design  of  the  remaining  details  of  the  en- 
gine is  in  accordance  with  modern  practise.  The  model 
itself  is  a  remarkable  piece  of  work,  all  the  details  of  the 
engine  being  faithfully  carried  out. 

The  engine  itself  appears  to  be  of  a  very  neat  and  com- 
pact design,  and  to  possess  some  points  of  excellence 
which  deserve  the  attention  of  builders. 


THE  SUMATRA  STATE  RAILROAD. 


The  first  railroad  in  the  island  of  Sumatra,  which  is  now 
nearly  completed,  has  been  built  by  the  Dutch  Govern- 
ment, and  a  long  and  interesting  account  of  it  is  given  by 
Chief  Engineer  J.  W.  Post  in  the  Revue  Gencrale  des 
Chemins  de  Fer. 

The  road  extends  from  Port  Emma,  the  chief  Dutch  port 
on  the  island,  to  the  coal  mines  of  Lounto,  with  a  branch 
from  Padang-Pand jan<;  to  Fort  de  Kock.  The  line  is  a  very 
circuitous  one,  as  it  was  necessary  to  cross  the  Barisan 
mountain  range.  At  Lounto  mining  has  begun  on  an  ex- 
tensive scale,  as  the  existence  there  of  wide  seams  of  coal 
of  a  very  fine  quality  has  been  proved,  and  already  large 
quantities  have  been  taken  out.  In  addition  to  the  traffic 
of  these  coal  mines  the  road  carries  a  large  quantity  of 
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A  LARGE  STEAM  CRANE 

Thk  accompanyini^  illustration,  from  ben,  shows  a 
steam  "  Titan"  crane  lately  completed  by  Ransomes  & 
Rapier,  of  Ipswich,  ICngland,  for  the  harbor  works  at 
Madras,  India.  It  is  intended  to  lift  concrete  blocks 
weijjhing  32  tons  each,  which  are  used  in  buikiing  the 
breakwater.  In  the  illustration  it  is  shown  liftin^^  the  test 
load  of  40  tons. 

;;;  All  the  motions  of  the  apparatus  are  controlleil  by  a  set 
of  levers  placed  on  the  platform  within  easy  reach  of  one 
man,  who  has  absolute  control  of  every  movement  of  the 
machine.  Its  actual  weight,  without  water-ballast  or 
load,  is  152  tons,  so  that  when  it  is  traveling  with  its  40 
tons  ot  load  and  its  water-! )allast  there  are  210  tons  absolute 
weight  in  motion.  The  momentum  is  therefore  very  great, 
and  provision  had  to  be  made  to  reduce  this  force  gradu- 
ally. The  slewing-ronnd  gear,  for  instance,  is  remarkably 
free,  and  40  tons  moving  round  at  a  radius  of  50  ft.  would 
ac(iuire  a  momentum  much  in  excess  of  the  actual  weight. 
To  provide  for  easing  off  this  force,  spring  drivers  are  in- 
troduceil  in  various  portions  of  the  gear,  and  their  opera- 


curve,  although  both  are  driven  by  the  same  engine.  The 
machine  in  this  respect  has  been  tested  in  the  yard  on  a 
curve  of  90  ft.  radius,  and  found  to  answer  admirably. 
The  blocks  with  which  the  "  Titan"  will  have  to  deal  are 
seized  in  powerful  claws,  which  close  automatically  on  the 
load  and  raise  it  by  sheer  power  of  grip.  When  these 
blocks  are  suspended  over  the  position  they  are  intended 
to  occupy,  there  is  another  automatic  appliance  by  which 
the  claws  are  made  to  release  their  hold.  In  this  way  the 
foundations  of  the  new  structure  will  be  laid  under  water. 
Subseciucntly,  when  more  accurate  work  will  be  required, 
the  blocks  of  concrete  will  be  gently  lowered  down,  and 
adjusted  upon  the  prepared  foundation.  The  **  Titan"  is 
made  of  mild  steel,  and  all  the  parts  are  carefully  machined 
and  put  together  with  turned  fitting  bolts,  the  rivet  holes 
being  accurately  drilled. 
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tion  is  so  successful^that  the  driver  may  set  his  engine  at 
lull  speed  in  one  direction,  and  then  reverse  the  friction 
cones  to  drive  in  the  opposite  direction,  the  engine  still 
running  at  full  speed,  liven  with  sui  h  a  severe  test,  no 
shock  IS  pcrcej>tible  m  any  part  of  the  gear.  The  load 
swings  round  in  a  forward  <lirection  for  some  little  time 
after  the  ^ear  is  reversed  ;  it  then  comes  gradually  to  a 
stop  without  any  perceptible  jerk,  and  as  gradually  starts 
off  in  the  opposite  direction,  also  without  shock. 

The  gearing  which  causes  the  crane  to  travel  on  the  rails 
is  also  provitled  with  spring  drivers,  which  enable  the  en- 
gines to  make  several  revolutions  before  the  "  Titan" 
begins  to  travel,  the  power  having  been  gradually  accumu- 
lated in  the  spring  drivers,  and  as  gradually  given  out. 
Several  other  important  features  are  embodied  in  this 
"  Titan."  It  has  not  only,  for  instance,  to  swing  all  round 
the  circle  with  a  full  load,  but  it  must  also,  owing  to  the 
shape  ot  the  breakwater  upon  which  it  is  to  be  employed, 
be  able  to  travel  upon  a  curved  road.  To  secure  this  re- 
sult, the  "Titan"  is  pjaced  upon  12  wheels,  in  three 
groups  of  two  each  on  either  side.  The  outer  groups  at 
the  four  corners  are  on  pivoted  trucks  ;  the  central  groups 
only  are  driven,  and  by  means  of  differential  gear  on  the 
Jack-in-the-box  principle  the  wheels  on  the  outer  curve  can 
travel  over  a  greater   distance   than   those  on  the  inner 


The  illustration  herewith  shows  a  quadruple-expansion 
engine,  designed  by  Mr.  Frank  Chaese,  of  Hartford,  Conn. 
It  is  reproduced  from  a  photograph  of 
a  complete  model  made  by  Mr.  Chaese 
on  a  scale  of  ;V  in.  =  i  ft.,  which  ex- 
actly represents  the  larger  engine.  The 
dimensions  of  the  model  are  :  cylin- 
ders, Js  in.,  i;>s  in.,  2  in.  and  2»^  in. 
diameter,  and  I  '4  in.  stroke.  The  en- 
gine represented  has  cylinders  14  in., 
22  in.,  32  in.  and  45  in.  diameter  and 
28  in.  stroke,  and  is  intended  to  work 
with  a  boiler  pressure  of  200  lbs. 

As  will  be  seen  from  the  cut,  the  en- 
gine is  of  the  vertical,  inverted  type, 
with  cylinders  arranged  in  pairs.  The 
aim  of  the  inventor  has  been  to  make 
an  engine  which  will  still  be  serviceable 
after  any  ordinary  accident  while  at  sea. 
A  system  of  duplication  of  parts  has 
been  carried  throughout,  and  every 
piece  is  readily  accessible  for  adjust- 
ment or  repair,  while  the  space  re- 
quired for  the  engine,  both  fore-and-aft 
and  vertically,  has  been  reduced  to  a 
minimum.  The  bearing  surfaces  are  all 
unusually  large,  and  well  supplied  with 
means  of  lubrication  ;  also  with  a  water 
service  having  universal  joints  for  all 
parts,  and  hose  connections  for  emer- 
gencies. 

The  engine  is  on  the  tandem  princi- 
ple, and  constitutes  two  distinct  en- 
gines, either  of  which  may  be  used  in- 
dependently of  the  other  in  case  of 
breakdown.  ;The  high-pressure  and  first  intermediate 
cylinders  form^the  forward  engine,  the  second  intermediate 
anil  low-pressure  cylinders  the  after  engine. 

The  crank  shaft  is  made  in  two  similar  sections,  flanged 
and  connected  in  the  center  with  a  dowel  having  ample 
surface,  in  place  of  the  ordinary  coupling  bolts  ;  this  greatly 
facilitates  disconnecting  the  engines.  In  case  the  forward 
engine  breaks  down,  the  dowel  is  removed  from  the  shaft 
and  steam  let  into  the>fter  engine  through  a  reducing  valve. 
The  after  engine  then  runs  as  a  compound  condensing  en- 
gine. Should  the  after  engine  be  disabled,  the  connecting 
rod  is  removed  from  the  crank-pin  and  secured  out  of  the 
way  ;  connection  is  made  between  the  first  intermediate 
exhaust  and  condenser,  and  the  forward  engine  then  runs 
as  a  compound  condensing  engine.  The  lengths  of  crank 
shaft  are  short,  and  a  spare  length  is  of  course  carried  to 
provide  for  accident  in  this  direction.  All  the  necessary 
valves  for  these  changes  are  provided.  The  throttle  valve, 
combined,  reducing  and  blow-through  valve,  cylinder 
drain  cocks  and  reversing  levers  are  all  worked  from  the 
starting  platform. 

The  cylinders  are  steam-jacketed  and  dripped  into  the 
condenser  ;  they  have  also  a  coat  of  asbestos  and  a  neat 
wood  lagging.  Relief  valves  of  ample  area  are  attached 
to  each  end  of  the  cylinders,  also  the  necessary  indicator 
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cocks  and  connections.  The  main  valves  are  all  piston 
valves,  the  upper  portion  l)eing  made  slightly  larger  in 
area  than  the  lower  portion  ;  this  perfectly  balances  all  the 
valve  gearing. 

The  cylinder  pistons  are  attached   to  their  rods  by  an 
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adjustable  screwed  collar  and  nut.  which  arrangement  is 
quite  rigid,  but  in  case  of  arcidenl  allows  the  pistons  to 
be  easily  removed  ;  the  lower  rods  may  also  be  made 
smaller  by  this  method  than  by  the  usual  tapered  form. 

The  upper  cylinders  are  supported  on  six  short  wrought- 
iron  columns,  any  one  of  which  may  be  readily  removed 
for  packing  stutfing-hoxes,  examining  or  adjusting  pistons 
or  valvts. 

Split  stufling-boxes  and  collar  bushes  are  used  between 
the  upper  and  lower  cylinders.  The  long  sleeve  serves  as 
an  excellent  guide  to  the  piston  rods,  while  one  set  of  four 
stuffing-boxes  is  dispensed  with  and  the  vertical  height  of 
the  engine  reduced. 

One  of  the  forward  columns  of  the  A-frame  is  used  as 
an  oil  reservoir  ;  the  go-ahead  slides  are  <ietachable,  the 
shoes  are  broad  and  long  and  fitted  with  combs  dipping 
into  oil  boxes  at  the  foot  of  the  guides  in  addition  to  the 
oil  syphon  pipes  above. 

The  engine  counter  is  simple  in  construction,  but  reli- 
able.    It  is  attached  to  the  after  column. 

The  valve  gearing  is  a  modification  of  the  Allen  straight 
link.  The  link  is  suspended  in  such  a  manner  that  the 
slipping  of  the  block  in  the  link  is  greatly  retluced.  and  a 
quicker  admission  and  cut-oil  t-ffccted.  Reversing  is  done 
either  by  steam  or  by  hand.  Tiie  hand  arrangement  is  a 
small  force  pump  connecting  to  the  same  oil  vessel  and 
levers  as  the  steam  reversing  gear,  a  'ew  strokes  of  the 
hanrl-pump  being  sulhcient  to  reverse  the  engine. 

The  steam  reverser  consists  of  a  steam  and  an  oil  cylin- 


der connected  together  and  giving  motion  to  the  valve 
spindles  and  links  A  lever  to  the  steam  cylinder,  and  a 
two-way  valve  to  the  oil  cylinder  allow  the  engine  to  be 
reversed  at  will  and  the  cut-off  fixed  immovably  at  any 
point. 

=  -  In  connection  with  this  reversing  gear  is  a  positive 
and  very  sensitive  governor,  which  has  complete  con- 
trol over  the  main  engine  at  all  times  through  the 
medium  of  the  links,  though  it  does  not  interfere  with 
the  easy  starting,  stopping  and  reversing  of  the  en- 
gine. All  the  eccentrics  are  keyed  on  to  the  shaft  in 
the  usual  manner,  excepting  the  forward  engine  go- 
ahead  eccentric.  The  lead  of  the  latter  may  be  varied 
according  to  judgment  by  a  simple  device,  which  is 
perfectly  rigid  when  locked. 

The  condenser,  it  is  claimed,  is  very  efficient. 
Water  from  the  circulating;  pump  is  discharged  in 
two  directions— around  the  jacket  and  through  the 
tubes.  Large,  easily  accessible  doors,  manholes  and 
handholes  are  provided  ;  also  a  shifting  valve  at  the 
lowest  point.  The  hot-well  has  water  gauges,  vapor 
pipe  and  manhole,  and  forms  part  of  the  condenser 
casting. 

All  the  pump<5  are  worked  from  the  main  engine. 
There  are  two  feed-j)umps  and  two  liilge  ptimps. 
i-ilher  feed-pump  is  sufiictnl  for  the  boder  under 
ordinary  c  ircunislances.  They  arc  placed  consitiera- 
bly  below  the  hot-well  so  as  to  be  always  flooded, 
and  are  provided  with  stop  valves,  relief  valves,  air 
vessels  and  j)el-cocks.  The  bilge-pumps  are  likewise 
so  provided. 

The  air  pump  is  single  acting,  and  is  placed  low- 
down  on  the  condenser  to  avoid  trouble  in  working. 

The  circulating  pump  is  double-actinq;,  and  of 
ample  capacity  for  water  of  all  temperatures,  the  main 
injection  valve  being  readily  accessible.  Pipes  about 
the  pumps  are  flispensed  with  as  far  as  practicable, 
short  passages  being  cast  in  the  barrels,  ^-^z     -    ■/ 

There  is  an  auxiliary  engine  bolted  to  the  bed- 
plate, a  worm  from  which  engages  with  a  wheel  on 
the  main  shaft.  A  sw  inging  bracket  and  clutch  allow 
the  worm  to  be  thrown  out  of  gear  instantly,  as  this 
arrangement  is  only  designed  for  turning  the  main 
engines  when  overhauling,  etc.  This  auxiliary  en- 
gine can  be  used  as  a  powerful  pump  for  all  pur- 
poses, suita,hle  connections  being  made  to  condenser, 
hot-well,  sea  and  bilges. 

Reversing   is  effected  by  one  lever  reversing  the 
steam,  cams   on    the   shaft  giving  the  necessary  lead 
and  cut-off  to  the  balanced  valves,  while  the  absence 
of  connecting  and   eccentric  rods   make  a  remarka- 
bly compact  machine. 

The  thrust  block  has  a  double  set  of  conical  rollers  run- 
ning in  oil,  which  take  the  full  thrust  of  the  propeller. 
Adjustable  plates  fore  and  aft  lake  up  the  wear.- 

The  general  design  of  the  remaining  details  of  the  en- 
gine is  in  accordance  with  modern  practise.  The  model 
itself  is  a  remarkable  piece  of  work,  all  the  details  of  the 
engine  being  faithfully  carried  out. 

The  engine  itself  appears  to  be  of  a  very  neat  and  com- 
pact design,  and  to  possess  some  points  of  excellence 
which  deserve  the  attention  of  builders. 

THE  SUMATRA  STATE  RAILROAD. 


Thk  first  railroad  in  the  island  of  .Sumatra,  which  is  now 
nearly  completed,  has  been  built  by  the  Dutch  Govern- 
ment, and  a  long  and  interesting  account  of  it  is  given  by 
Chief  Engineer  J.  W.  Post  in  the  RcTue  Gtucralc  dcs 
Chciiiins  dc  I'cr. 

The  road  extends  from  Port  Emma,  the  chicl  Dutch  port 
on  the  island,  to  the  coal  mines  of  Lounto,  with  a  branch 
from  Padang-Pandjan-  to  Fort  de  Kock.  The  line  is  a  very 
circuitous  one,  as  it  was  necessary  to  cross  the  liarisan 
mountain  range.  At  l.ounfo  mining  has  begun  on  an  ex- 
tensive scale,  as  the  existence  there  of  wide  seams  of  coal 
of  a  very  fine  quality  has  been  proved,  and  already  large 
quantities  have  been  taken  out.  In  addition  to  the  traffic 
of  these  coal  mines  the  road  carries  a  large  quantity  of 
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rice,  coffee  and  tobacco  from  the  fertile  and  thickly  peo- 
pled districts  of  Solok  and  Payacombo,  and  has  already 
developed  a  considerable  passenger  business. 

The  length  of  the  main  line  from  Port  Emma  to  Lounto 
is  98  miles,  and  the  branch  to  Fort  de  Kock  is  12  miles 
long.  The  main  line  is  divided  into  five  sections,  on  three 
of  which  the  traffic  is  worked  in  the  ordinary  way  ;  on 
these  sections  the  maximum  grade  is  1.7  per  cent.    On  the 
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other  two  sections  there  are  grades  as  high  as  8  per  cent., 
and  on  these  a  rack-rail  is  used.  The  mountain  sections 
are  in  all  33  miles  long,  and  there  are  on  them  18  miles 
of  rack-rail  in  sections  varying  from  650  ft.  to  3^  miles 
in  length.     The  minimum  radius  of  curvature  is  492  ft. 

On  the  main  line  Lounto  is  827  ft.  above  sea  level  ;  the 
summit  is  at  the  Padang-Pandjang  Pass,  and  is  2,552  ft. 
above  the  sea.  On  the  branch  Fort  de  Kock  is  482  ft.  above 
Padang-Pandjang,  and  to  reach  it 
the  line  has  to  pass  over  the  Mer- 
api  Pass,  where  the  summit  is 
3,785  ft.  above  the  sea.  On  this 
branch,  however,  there  is  no  heavy 
freight,  like  coal,  to  be  trans- 
ported. 

The  line  is  of  i-meter  gauge. 
The  rails  are  of  steel,  laid  on  steel 
ties.  Wood  is  abundant  along  the 
line,  but  the  rapid  decay  incident 
to  the  tropical  climate  prevents 
its  use.  The  ballast  is  generally 
broken  stone.  On  the  level  sec- 
tions in  the  valleys  the  line  had  to 
be  raised  on  an  embankment  al- 
most everywhere,  to  keep  it  out  of 
danger  from  floods.  Wherever 
possible  the  slopes  of  the  embank- 
ments  are  protected   by   rip-rap. 

and  ballasting  the  road-bed  is  shown  in  figs,  i  and  2,  fig 
being  a  half  section  of  the  normal   road-bed,  and  fig.  I  a 
half  section  showing  the  track  at  points  exposed  to  inun- 
dation.    The  figures  on  all  the  drawings  are  in  meters. 

Fig.  3  shows  a  section   and   plan  of  the  tie  and  track 
where  the  rack-rail  is  used.    The  racks,  it  will  be  seen, 


are  bolted  to  special  chairs  attached  to  the  center  of  the 
tie. 

There  are  two  tunnels  on  the  line.  The  first  is  230  ft. 
long,  and  is  chiefly  in  solid  rock,  masonry  lining  being  re- 
quired for  only  a  short  distance.  Cross  sections  of  this 
tunnel  are  shown  in  fig.  4,  in  which  one-half  shows  the 
section  in  solid  rock,  the  other  half  that  with  masonry  lin- 
ing.    The  second  tunnel  is  2,706  ft.  long,  and  is  in  loose 

rock,  requiring  masonry  through- 
out. Sections  of  this  tunnel  are 
shown  in  fig.  5,  where  one-half  is^the 
ordinary  section,  the  other  half 
showing  the  section  in  more  com- 
pact rock,  and  also  one  of  the  niches 
provided  for  trackmen. 

As  might  be  expected  from  the 
nature  of  the  road  and  the  country, 
there  are  many  culverts  and  bridges. 
The  most  striking  of  these,  which 
is  shown  in  fig.  6,  is  a  bridge  cross- 
ing the  gorge  of  the  Anel  River  ;  at 
this  point,  which  is  on  one  of  the 
rack-rail  sections,  the  road  has  a 
grade  of  6.8  per  cent.  The  span  of 
the  central  arch  is  184  ft.  ;  the  short 
spans  are  53  ft.  each,  the  total 
length  of  the  bridge  being  356  ft. 
In  the  cut  the  river  is  shown  at  its 
ordinary  level  ;  in  time  of  flood  it 
fills  the  entire  gorge. 

Two  classes  of  locomotives  are  in 
use  on  the  road.  The  first,  which 
is  employed  on  the  ordinary  sec- 
tions, hats  outside  cylinders,  side 
tanks,  four  driving-wheels  coupled, 
and  a  two-wheeled  Bissell  truck 
forward.  The  cylinders  are^i  1.8  X 
17.7  in.,  the  drivers  are  39  in.  in  di- 
ameter and  the  truck  wheels  25.5 
in.  The  weight  of  this  engine  in 
working  order  is  43,000  lbs.,  of 
which  33,100  lbs.  are  ca,rried  on  the 
drivers  and  9,900  lbs.  on  the  truck. 
In  fig.  7  an  outline  sketch  of  this 
engine  is  shown. 
The  second  type  of  locomotive 
is  shown  in  outline  in  fig.  8,  and  is  used  on  the  mixed 
adhesion  and  rack-rail  sections.  It  is  carried  on  six 
wheels,  four  coupled  as  drivers,  these  being  39  in.  in  di- 
ameter, and  a  pair  of  trailing-wheels  under  the  rear  end 
25.5  in.  in  diameter,  and  working  in  radial  axle-bo^xes. 
The  cylinders  are  13.4  X  19.7  in.  The  connecting  rods 
work  an  intermediate  axle  or  shaft,  a,  carried  in  bearings 
on  the  frames  ;  this  works  the  shaft  b  by  means  of  geared 
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wheels,  and  the  adhesion  drivers  c  and  d  are  coupled  by 
parallel  rods  to  outside  cranks  on  the  shaft  d.  The  toothed 
wheel  which  works  on  the  rack-rail  is  carried  on  the  shaft 
b  under  the  boiler.  This  arrangement  was  adopted  as  be- 
ing less  complicated  than  the  use  of  separate  cylinders  for 
the  rack-rail  driver.  The  engine  has  driver-brakes  and 
also    a   special   brake  for   use   on  the  rack-rail.     As  the 
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heavy  grades  are  all  in  one  direction  the  locomotive  is 
placed  in  the  rear  of  the  train  going  up  and  in  front  when 
descending.  The  total  weight  of  this  type  of  engine,  in 
working  order,  is  57.850  lbs.,  of  which  15,550  lbs.  are  car- 
ried on  the  trailing-wheels  and  32,300  lbs.  on  the  drivers. 
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The  iron-work  of  the  cars  was  sent  from  Europe,  and 
the  wood-work  was  done  in  Sumatra,  the  timber  chiefly 
used  being  a  native  wood  called  djatti.  The  passenger 
cars  are  of  the  American  type,  carried  on  two  four-wheel 
trucks.  They  are  made  as  open  as  possible  on  account  of 
the  climate.  These  cars,  which  are  shown  in  fig.  9,  are 
41  ft.  long  over  all,  and  weigh  25,125  lbs.  ;  the  wheels  are 
31.8  in.  in  diameter.  The  roof  is  of  corrugated  galvanized 
iron,  and  is  double,  with  a  space  for  circulation  of  air  be- 
tween the  outer  and  inner  skins.  There  are  first  and  sec- 
ond-class cars,  which  differ  only  in  the  arrangement  and 
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finish  of  the  seats,  the  car  bodies  being  the  same.     The 
first-class  will  seat  48  and  the  second-class  64  persons. 

The  freight  cars  are  of  three  classes,  closed  or  box  cars, 
coal  cars  and  flat  cars  ;  they  are  all  the  same  as  to  the 
platform  and  running  gear.  They  are  33.5  ft.  long  over 
all,  7.7  ft.  wide,  and  are  carried  on  two  four-wheeled 
trucks,  the  wheels  being  30  in.  in  diameter.  The  box  cars, 
of  which  only  a  few  are  used,  have  corrugated  iron  roofs. 
The  coal  cars  are  the  most  numerous,  and  are  shown  in 
fig.  10.  They  carry  two  boxes  or  bins  of  iron  on  the  plat- 
form, with  a  space  between  them,  and  are  arranged  to 
dump  at  either  or  both  sides,  as  indicated  in  the  sketch. 
These  cars  weigh  20,400  lbs.  empty,  and  will  carry  44,000 
lbs.  of  coal. 


In  building  the  road  native  and  Chinese  labor  was  chiefly 
employed.  The  Chinaman  is  the  same  in  Sumatra  as  he  is 
everywhere  else  ;  he  is  there  in  large  numbers,  and  is  an 
important  element  in  the  industrial  life  of  the  island. 
Much  of  the  unskilled  labor  was  done  by  native  convicts. 
The  Malays  of  Sumatra  are  not  an  industrious  people,  but 
experience  has  shown  that  with   instruction   and   under 

good  supervision  they  do  verf  well  as 
trainmen,   trackmen  and  in  other  sub- 
ordinate positions  in  operating  the  road. 
When  the  line  was  first  opened,  a  cer- 
tain suspicious  fear  of  the  carreta  api 
—the  fire- wagon— prevailed  among  the 
natives.     This,  has  disappeared,   how- 
ever, and  they  now  travel  on  the  road 
in  large  numbers.     The  Malays  are  a 
lively  people,  fond  of  change  and  trav- 
el, and  the  second-class  fares  are  very 
low. 
The  stations  are  generally  simple  in  construction,  and 
are  of  brick  or  stone,  as  wood  decays  very  fast.    Coal  ship- 
ping platforms  are  provided  at  Lounto  ;  but  the  most  im- 
portant works  of  this  class  are  the  shipping  piers  at  Port 

Emma,  where  there  are  excellent  arrangements  ^for  the 
quick  transfer  of  coal  and  freight  from  the  cars  to  ships. 
At  these  wharves  there  are  34  ft.  of  water  at  low  tide. 

As  a  curiosity,  there  is  given,  in  fig.  11,  an  engraving 
of  one  of  the  signs  set  up  to  warn  travelers  at  road 
crossings  ;  the  word  djaga  means  simply  *'  look  out."  It 
may  be  mentioned,  also,  that  the  time-tables  and  other  no- 
tices at  stations  are  printed  in  four  languages — Dutch, 
Malay,  Javanese  and  Chinese.  A  telegraph  line  extends 
along  the  whole  length  of  the  road,  and  the  trains  are  run 
on  a  system  very  like  the  American  train -dispatching  plan. 

Plans  are  in  preparation  for  several  extensions  of  the 
Sumatran  railroad  system,  and  work  on  some  of  the  new 
lines  will  be  begun  before  long. 


Foreign  Naval  Notes. 

On  July  6  the  twin-screw  armored  vessel  Sicilia  was  launched 
from  the  Government  shipbuilding  yard  at  Venice,  in  the  pres- 
ence of  the  King  and  Queen  of  Italy.  This  is  the  tenth  iron- 
clad of  the  first  class  belonging  to  the  Italian  fleet,  and  was 
built  on  the  same  plans  as  the  Umberto  I.  and  the  Sardegna, 
being  designed  by  Mr.  B.  Brin,  the  late  Minister  of  the  Navy 
Department.  The  Sicilia  was  commenced  November  3,  1884, 
and  the  total  cost  has  been  estimated  at  about  $5,270,000.  Her 
displacement  is  13,250  tons  ;  length,  400  It.;  breadth,  76  ft.  9 
in.,  with  a  draft  of  water  28  ft.  9  in.  aft  and  28  ft.  3  in.  forward. 
The  hull  of  the  vessel  is  made  of  steel.  The  engines  have  been 
constructed  by  Messrs.  Gio.  Ansaldo  &  Company,  of  Sampier- 
darena,  and  will  develop  19,500  H.P.  The  vessel  is  expected 
to  attain  a  speed  of  18  knots  per  hour.  The  armament  will 
consist  of  iour  12.87-in.,  67-ton  guns  ;  eight  6-in.  guns  ;  six 
4.72-in.  guns  ;  ten  2  24-in.  and  seventeen  i  46-in.  rapid-fire 
guns  ;  five  torpedo-tubes.  The  Sicilia  is  one  of  the  heavy  ar- 
mored ships  of  the  Italian  Navy  which  have  been  severely 
criticised  abroad. 

The  new  British  cruiser  Melampus,  during  her  four  hours 
steam  trial,  attained  an  average  speed  of  18.35  knots  an  hour, 
under  forced  draft.  On  an  eight  hours'  trial,  with  natural  draft, 
the  engines  developed  a  total  of  7,600  H.  P.,  being  in  excess  of 
contract  requirements. 

The  second-class  protected  cruiser  Intrepid,  for  the  British 
navy,  has  been  launched  from  the  yards  of  the  Glasgow  En- 
gineering &  Iron  Ship-building  Company.  The  Intrepid  is  a 
Indefatigable  and  Iphi^enia.  She  is  300  ft. 
ft.  8  in.  beam.  Her  displacement  is  3,000 
is  estimated  at  20  knots  an  hour.  She  is 
propelled  by  two  sets  of  triple- expansion  engines  of  9,000  col- 
lective H.  P.  Steam  will  be  supplied  by  five  boilers  working 
at  155  lbs.  steam  pressure.  The  cylinders  measure  32^,  49 
and  74  In.  in  diameter.  The  Intrepid'i  battery  consists  of  two 
6  in.  rifles,  six  4.7-in.  rapid  fire  guns  in  central  pivot  mount, 
eight  6-pdr.  Hotchkiss.  one.9-pdr.  field  gun,  one  3-pdr.  Hotch- 
kiss,  four  4.5-in.  five-barreled  Nordenfelt  guns,  and  four  14-io. 
Whitehead  torpedoes.  The  4.7-in.  guns  are  to  be  placed  on 
the  broadside  upper  deck.  The  complement  of  the  Intrepid  is 
252  officers  and  men. 

An  eminently  successful  trial  of  a  Thornycroft  torpedo-boat, 
built  for  the  Brazilian  Government,  is  reported  frcn.  EngUnd. 
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The  new  boat  is  150  ft.  long  and  14  ft.  6  in.  beam.  The  trial 
consisted  of  two  parts  — first,  a  series  of  six  runs  on  the  meas- 
ured mile,  with  a  load  of  nineteen  tons  on  board,  during  which 
a  speed  of  25  knots  was  guaranteed  by  the  builders,  and,  sec- 
ondly, a  continuous  lun  of  two  hours'  duration,  during  which  a 


FRENCH  TORPEDO  BOATS. 

In  last  year's  naval  maneuvers  so  much  trouble  was  experi- 
enced with  the  torpedo  boats  in  the  French  navy  that  it  was  re 
solved  to  reconstruct  those  of  the  35-meter  class  so  as  to  give 
them  additional  stability.  The  want  of  stability 
was  found  to  result  chiefly  from  the  cross-section 
adopted  for  these  boats,  with  sharply  re-entering 
sides  nearly  flat.  To  remedy  this  the  form  has 
been  entirely  changed  for  over  one-third  of  the 
length  of  the  boat.  The  accompanying  cut,  from 
Le  Yacht,  shows  one  of  these  boats  as  altered,  and 
in  fig.  2  is  a  cross-section,  the  dotted  line  A  show- 
ing the  original  form,  and  the  full  line  b  that  now 


Fig.  2. 


CHIIEAN    CKl  ISbR   "  I'KKSI DENTE^ERRAZURIZ." 

speed  of  24  knots  was  guaranteed.  The  mean  speed  obtained  I 
in  six  runs  was  25.858  knots  Messrs.  Thornycroft  thus  more  I 
than  fulfilling  the  contract.  In  the  subsequent  two  hours'  trial  j 
the  vessel  averaged  25.387  knots,  which  is  claimed  to  be  the  | 
highest  speed  hitherto  maintained  bv  a  torpedo  boat  for  that  j 
length  of  time.  The  armament  of  the  new  boat  is  somewhat  I 
peculiar,  there  being  four  torpedo  guns  suited  for  the  i4-in.  , 
Whitehead  torpedo,  instead  of  three  suited  for  the  18-in.  tor-  ' 
pedo,  as  in  the  Argentine  boats.  Two 
of  these  torpedo-tubes  are  mounted  on 
racers  on  deck,  and  two  under  deck 
in  the  bows,  arranged  not  in  the  ordi- 
nary way,  but  with  gear,  enabling  them 
to  be  protruded  through  doors  in  the 
skin  of  the  boat.  These  doors,  when 
closed,  form  a  continuous  surface  with 
the  skin  of  the  vessel,  thus  presenting 
no  obstruction  to  the  seas,  and  lessen- 
ing the  broken  water  and  spray  whith 
is  so  easily  illuminated  by  the  electric 
light.  When  the  torpedo  guns  are  run 
out  the  torpedo  is  guided  beyond  the 
line  of  the  stem,  thus  obviating  the  risk 
of  deflection  arising  from  the  pressure 
of  the  issuing  gases  between  the  tor- 
pedo and  the  skin  of  the  ship.  In  ad- 
dition to  this  armament  the  little  ves- 
sel carries  two  3  pdr.  quick-firlne  Nor- 
denfelt  guns  mounted  on  recoil  car- 
riages. The  machinery  consists  of  two 
sets  of  triple-expansion  engines,  sup- 
plied with  steam  by  two  Thornycroft 
boilers. 

The  Russian  Navy  is  being  increased 
with  remarkable  rapidity,  not  onlv  in 
the  Baltic,  but  also  in  the  Black  Sea. 
At  the  present  moment  all  the  ship- 
building yards  in  Russia  are  engaged 
in  the  construction  of  iron-rlads  and 
monitors.  At  the  Baltic  Works  the 
immense  cruiser  Rurik,  of  10,000  tons 
displacement,  and  capable  of  steaming 
20  knots  an  hour,  is  being  built,  and  at 
ithe  Franco-Russian  Works  an  iron- 
clad, the  Navarino,  of  9,476  tons  displacement,  is  on  the  stocks. 
Another  iron-clad  is  being  built  at  the  new  Admiralty  Wharf 
in  St.  Petersburg.  At  the  Nevskv  Works  an  iron  corvette  and 
a  large  ice-breaker  are  on  the  stocks,  while  at  the  PvotielofT 
Works  two  sea-going  monitors  are  under  qpnstruction.  In  all, 
the  Russian  Government  has  22  ships  of  war  in  course  of  con- 
struction, and  many  more  orders  have  been  given. 


adopted.  The  forward  lines  have  also  been  changed 
to  give  the  boats  better  protection  against  a  rough 
sea.  The  a/mament  has  also  been  changed  ;  for- 
merly these  boats  carried  two  torpedo-tubes  for- 
ward, but  now  they  have  only  one  forward,  the 
second  one  having  been  mounted  on  a  pivot  aft  of 
the  smoke-stack.  It  is  believed  that  these  changes 
will  make  them  much  more  seaworthy  and  useful 
bodkts. 


THE  **  PRESIDENTE  ERRAZURIZ." 

The  accompanying  illustration  shows  the  new  protected 
cruiser,  Presictente  Enazuriz,  lately  completed  by  the  Society 
des  Forges  et  Chantiers  de  la  Mediterran6e,  at  Toulon,  France  ; 
this  cruiser  and  its  sister  ship,  the  Presidente  Pinto,  attracted 
much  attention,  on  account  of  the  uncertainty  as  to  their  owner- 
ship previous  to  the  success  of  the  late  revolution  in  Chili. 


FRENCH   TORPEDO   BOAT,  35-METER  CLASS. 


The  Presidente  Errazuriz  was  ordered  by'the  Chilian'Govern- 
ment  in  1 888, and  is  a  protected  crui5er'268^ft.  in  length,  36  ft. 
beam  and  2,080  tons  displacement.  She  has  a'protective*deck 
varying  in  thickness  from  1.5  to  2.4  in.,  and  extending  28  in. 
below  the  water-line.  The  engines  have  worked  up  to  5,400 
H.P.,  and  the  ship  has  shown  on  trial  a  speed  of  15  knots  with 
natural  draft  and  19  knots  with  forced  draft.     The  coal  bunkers 
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vvill  hold  coal  enough   to  give  her  a  cruising  radius  of  4,500 
knots  at  a  12-knot,  or  2,550  at  15-knot  speed. 

The  main  battery  consists  of  four  15-cni.  (s.g-in.)  and  two 
12  cm.  (4.7-in.)  Canel  guns.  The  secondary  battery  includes 
four  47-mm.  (i.85-in.)  and  four  37-mm.  (1.46-in.)  revolving  can- 
non and  one  Nordenfelt  machine  gun  ;  there  are  also  three  tor- 
pedo-tubes. 

AN   ENGLISH    PNEUMATIC   GUN. 

A  new  torpedo  gun  has  been  invented  by  J.  E.  Bott,  an  en- 
gineer of  Manchester,  England,  and  is  shortly  to  be  tried.  The 
descriptions  so  far  given  are  not  very  definite,  but  from  them  it 
would  seem  to  differ  from  the  Zalinski  gun  in  having  no  ma- 
chinery for  compressing  air  attached  to  the  gun  itself,  and  in 
giving  a  sudden  impulse  to  the  projectile,  instead  of  a  continued 
pressure.  A  breech-loading  smooth-bore  gun  is  used,  and  it  is 
calculated  that  shells  can  be  thrown  three  miles.  Any  smooth- 
bore cannon  of  large  caliber  can  be  used,  with  some  slight 
changes  in  the  breech.  The  shell  itself  is  divided  into  two  cham- 
bers, the  forward  one,  about  one-fourth  of  the  whole  length, 
containing  the  charge  of  dynamite  or  other  high  explosive,  pro- 
vided with  the  usual  fuse  or  detonator.  The  rear  chainber,  oc- 
cupying about  three-fourths  of  the  shell,  is  filled  with  com- 
pressed air  at  a  very  high  pressure.  When  the  shell  is  placed  in 
the  gun,  a  pin  in  the  breech  is  operated  so  as  to  force  back  or 
cut  away  aretaining  valve  or  plug  in  the  rear  end  of  the  shell, 
and  the  compressed  air  thus  suddenly  released  impinges  on  the 
breech  of  the  gun,  giving  the  shell  its  forward  impulse. 
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{Continued /r»*H  Page  473.) 


(Correction. — Through  an  error  of  the  printer,  the  numbers  of  figs.  334  and 
335,  in  the  article  on  The  Essentials  of  Mechanical  Drawing,  publivhed  last 
month,  were  transposed — that  is,  fig.  334  should  be  335  and  335  should  be  334.) 


CHAPTER   -yiWl— {Continued.) 
INVOLUTE   TEETH. 

It  remains  to  explain  how  to  find  the  diameters  of  the  base 
circles  of  wheels  with  involute  teeth.     From  fig.  340  it  is  obvi- 


b  V  P  and  D  w  P,  so  that,  by  a  well-known  principle  of  geom- 
etry, their  sides  will  be  proportional — that  is,  D  7u,  the  radius 
of  the  base  circle  of  the  wheel,  will  bear  the  same  proportion 
to  b  V,  the  radius  of  the  base  ciicle  of  the  pinion,  that  D  P,  the 
radius  of  the  pitch  circle  of  the  wheel,  bears  to  b  P.  the  radius 
of  the  pilch  circle  of  the  pinion.  Therefore  the  base  circles 
bear  the  same  proportion  to  each  other  that  the  pitch  circles 
do,  which  is  one  of  the  conditions  which  they  must  fulfil.  It 
can  be  proved  by  the  same  demonstration  that  if  we  draw  a 
line  of  action,  v  P  w,  slX.  any  angle  to  the  center-line  b  P  D  and 
draw  base  circles  tangent  to  this  line,  that  they  will  bear  the 
same  proportion  to  each  that  the  pitch  circles  do.  Therefore 
the  line  of  action  may  have  any  angle  to  the  center-line.  It 
remains  to  show  what  angle  is  preferable. 

Suppose  that  the  pinion  in  fig.  341  has  12  teeth,  which  is  the 
smallest  number  that  will  work  satisfactorily  with  involute  teeth  ; 
and  that  the  pinion  gears  into  a  larger  wheel,  and  that  h  v  \% 
the  outline  of  a  tooth  of  the  pinion  and  v  o  that  of  a  tooth  of 
the  wheel,  E  F  G  and  e  f  g  being  the  addendum  circles.  It  is 
plain  that  the  tooth  h  v  oi  the  pinion  cannot  come  in  contact 
with  V  o  oi  the  wheel  until  the  outline  oi  h  v  inttrsects  the 
addendum  circle  E  F  G  aX  v.  Consequently,  in  order  that  the 
teeth  may  have  as  long  a  line  of  action  as  possible,  it  should  be 
drawn  through  v  and  P,  the  pitch-point,  which  determines  the 
angle  of  the  line  of  action  with  the  center-line  b  P  D  ;  but  if 
the  diameter  of  the  wheel  was  increased  the  point  of  intersec- 
tion, V,  would  be  moved  toward  n.  If  the  radius  of  the  wheel 
was  infinitely  long,  the  pitch  circle  A  P  Cand  the  addendum 
circle  E  F  G  would  become  straight  lines.  In  order  that  gear 
wheels  may  be  interchangeable,  it  is  desirable  that  the  smallest 
practicable  pinion  may  gear  into  a  wheel  with  the  longest 
radius,  which  would  be  a  straight  rack,  whose  radius  is  of  in- 
finite length.  Therefore,  lay  off  from  P,  the  depth  P  F  oi  the 
addendum  of  the  tooth  of  the  wheel,  from  the  pitch-line  and 
draw  a  straight  line,  S  F  s,  through  F  and  perpendicular  to 
b  P  D,  the  center-line. ' 

It  has  been  explained  that  if  a  radius,  b  v,  fig.  340,  be  drawn 
through  b,  the  center  of  the  pinion,  and  v,  the  tangent  point  of 
the  line  of  action  v  P  with  the  base  circle,  that  we  will  have 
a  right-angled  triangle  b  v  P.  If,  now,  on  the  radius  b  P, 
fig.  341,  as  a  diameter,  a  semi-circle,  b  k  P,  \s  drawn,  inter- 
secting S  f  s  at  «,  and  a  line,  b  v,  is  drawn  through  the  center 
b  and  «,  and  another  line,  «  P,  be  drawn  through  n  and  the 
pitch-point  /",  then  the  triangle  b  n  P  being  inscribed  in  a 
semicircle  will  have  a  right  angle  at  n,  and  if  a  base  circle, 


WHEEL 


ous  that  the  teeth  of  the  wheel  and  pinion  are  in  contact  with 
each  other  on  the  line  v  P  w,  which  is  therefore  called  their  line 
of  action,  which  is  tangent  to  the  base  circles  r  d'  t  and  R  d  T, 
If,  now,  from  the  tangent  points  v  and  w  of  the  line  v  P  w 
with  the  base  circles  we  draw  radii  v  b  and  w  D,  to  the  center 
of  the  pinion  and  wheel,  we  will  have  two  similar  triangles, 


Fig.   340. 

mat,  be  drawn  from  the  center  b  with  the  radius  b  n,  it  will  fulfill 
all  the  required  conditions — that  is,  a  tooth  of  the  pinion  would 
first  come  in  contact  with  a  tooth  on  the  rack  at  n,  so  that  n  P 
would  give  the  longest  possible  line  of  action,  and  n  P  will  be 
tangent  to  the  circle  drawn  through  n,  and  will  pass  through  P, 
the  pitch-point.     If  the  pinion  gears  into  a  wheel,  n  P  should 
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Fig    342 


be  extended  toward  T,  and  a  circle,  R  S  T,  drawn  from  the 
center  D  of  the  wheel  and  tangent  to  n  P  T.  The  circle  thus 
drawn  will  be  the  base  circle  of  the  wheel. 

In  the  case  of  a  pinion  of  12  teeth  gearing  into  a  rack,  the 
angle  of  n  P — the  line  of  action — with//'C — a  line  drawn 
through  P  and  perpendicular  to  b  P  D,  the  line  of  centers — is 
equal  to  23°  2i',  but  which  may  be  taken  at  23^.  As  this  angle 
can  be  used  for  all  wheels  and  pinions,  and  gives  the  longest 
line  of  action  in  all  cases,  it  has  been  proposed  as  a  standard 
for  gear  wheels. 

If  this  angle  is  adopted,  the  most  convenient  way  of  laying 
out  the  base  circles  is  by  simply  drawing  the  line  of  action 


through  the  pitch-point  P  at  an  angle  of  23°,  to  a  line,  I P  G, 
tangent  to  the  pitch  circle  at  that  point,  or  at  an  angle  of  67°  to 
a  radius,  b  P  ox  D  P,  drawn  through  the  pitch-point  and  then 
draw  the  base  circles  tangent  to  this  line  of  action. 


TO   DRAW   INVOLUTE  TEETH   FOR   A   WHEEL, 

The  proportions  for  the  teeth  of  wheels, 
last  month,  were  for  rough-cast  teeth.     As 
such  teeth  are  used,  considerable  clearance 
them,  and  at  their  roots,  owing  to  the  rough 
ties  of  the  castings.     When  teeth  are  cut  in 
thus  of  a  more  exact  form,  less  clearance  is 
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may  be  made  of  the  same  thickness,  or  very  nearly  so,  as  the 
spaces  between  them,  and  only  about  half  as  much  room  need 
be  allowed  between  the  tips  of  the  teeth  of  one  wheel  and  the 
bottom  of  the  spaces.  The  following  are  good  proportions  for 
teeth  which  are  "  cut"  or  finished  on  a  machine  : 

PROPORTIONS  FOR   CUT  TEETH  OF    GEAR  WHEELS. 

^f^P  =  Pitch  which  is  divided  into  16  parts. 
J.  2"  =  Thickness  of  tooth  measured  on  pitch  circle  =  8  parts. 
S  =  Space  between  teeth  measured  on  pitch  circle  =  8  parts. 
[[if  —  Depth  from  pitch  circle  to  tip  of  tooth  =  5  parts. 
D  =  Depth  from  pitch  circle  to  base  of  tooth  =  6  parts. 

1  D  -\-  d  =  Whole  depth  of  tooth  =  11  parts. 

^  =  Thickness  of  rim  and  arms  of  wheel  =  g  parts. 

Z  =  Length  of  tooth  measured  parallel  to  axis  of  wheel  = 

2  or  3  times  the  pitch  or  3  P. 

I     To  illustrate  how  the  teeth  of  different  wheels  are  laid  out,  a 
pinion,  A,  with  12  teeth  has  been  represented  in  fig.  342,*  geared 


subdivided  into  the  required  number  of  divisions  in  one  opera- 
tion. 

Having  divided  the  pitch  circle  the  width  of  the  teeth  —  one- 
half  the  pitch  should  then  be  laid  off  on  the  pitch  circle.  The 
depth  P /{torn  pitch  circle  to  the  tip  of  the  teeth  and  the  depth 
P  e  from  pitch  circle  to  the  base  or  root  of  teeth  should  then  be 
laid  off,  and  the  addendum  and  root  circles  drawn  through 
these  points.  Then  through  the  pitch-point  P  draw  the  line  of 
action  v  /*  at  an  angle  o  23°  to  a  line,  P  R' ,  perpendicular  to 
the  line  of  centers  b  P  D,  and  from  the  center  b  of  the  pinion 
draw  a  circle  tangent  to  v  P.  This  will  be  the  base  circle  of 
the  pinion  from  which  the  involute  curve,  which  forms  the  out- 
line of  the  teeth,  must  be  drawn.  The  method  of  doing  this 
was  explained  in  Problem  97,  of  Chapter  XI.,  but  a  little  further 
explanation  may  make  the  method  of  doing  it  clearer. 

Referring  to  fig.  341,  let  it  be  supposed  that  the  outline  of  a 
tooth  is  to  be  drawn- through  the  point  v.  First  lay  off  from  v, 
on  the  base  circle  u  v  d' ,  a  number  of  equal  spaces,  i,  2,  3,  etc. 


!« y. 


Fig-  344. 

nto  another  pinion,  B,  of  the  same  size — only  half  of  which  is 
shown — and  into  a  wheel,  C,  with  24  teeth,  and  also  into  a 
rack,  D.  The  drawing  is  supposed  to  be  drawn  to  a  scale  of 
3  in.  =  I  ft.,  or  one-quarter  size  the  pitch  of  the  teeth  being 
2  in.     The  learner  should  draw  this  full  size. 

It  has  been  explained  that  the  pitch— xhzX.  is,  the  distance 
from  the  center  of  one  tooth  to  the  center  of  the  next  one,  is 
measured  on  the  pitch  circle,  and  is  an  arc,  and  not  a  chord  of 
the  circle.  Consequently,  if  we  multiply  the  pitch  by  the  num- 
ber of  teeth  in  a  wheel  or  pinion,  will  give  the  length  of  the 
circumference  of  the  pitch  circle,  and  dividing  by  3.1416  will 
give  its  diameter.  In  the  example  under  consideration  the 
pinion  A  has  12  teeth  of  2  in.  pitch,  so  that  2  X  12  =  24  in.   - 

24 

circumference  of  pitch  circle, 7  =  7.67  in.  =  diameter  of 

^  3-I4IO 

pitch  circle  a  P  c  <f  which  is  drawn  of  that  diameter  =  "jW" 
full.  With  a  pair  of  dividers  this  circle  is  divided  into  12  equal 
parts.  In  doing  this,  especially  if  a  wheel  has  many  teeth,  it 
will  be  found  advisable  to  first  divide  the  circle  into  parts  con- 
taining some  multiple  of  the  whole  number  of  teeth,  if  that  is 
possible.  Thus,  in  the  present  instance,  the  pinion  has  12 
teeth,  so  that  the  pitch  circle  may  be  first  divided  into  four 
equal  parts,  and  these  can  then  be  subdivided  into  three  parts. 
By  adopting  this  method  the  division  can  be  made  more  quickly 
and  with  greater  accuracy  than  it  possible  if  the  pitch  circle  is 

*  This  diagram  is  an  imitation  of  one  in  Thome's  book  on  Mtchanical 
Drawing. 


Fig.  343. 

Through  these  points  draw  lines  tangent  to  the  base  circle. 
With  the  same  space  between  the  points  of  dividers  Step  off, 
from  each  of  the  points,  i,  2,  3,  etc.,  on  the  tangents  drawn 
through  these  points,  the  same  number  of  divisions  as  each  point 
of  tangency  is  from  the  point  of  origin  v,  and  mark  the  final 
points  of  division  at  l',  2',  3',  6',  etc.  Then  draw  a  curve,  h  r, 
through  the  points  i',  2',  3',  etc.,  which  will  be  the  required 
involute  and  the  outline  of  the  face  of  the  tooth.* 

Having  laid  out  the  outline  of  the  tooth,  find  with  a  pair  of 
compasses  a  center,  fw,  of  an  arc  which  will  coincide  most 
closely  with  the  involute.  Then  from  the  center  of  the  wheel 
draw  a  circle  called  a  circle  oj  centers  (indicated  by  a  dotted  line 
in  the  engraving)  through  this  point,  on  which  all  the  centers  of 
the  tooth-arcs  will  be  located. 

The  method  of  drawing  the  outline  v  o  of  the  wheel  will  be 
sufficiently  plain  from  the  preceding  description,  and  from  the 
construction  lines  in  the  drawing.  The  outlines  of  the  oppo- 
site sides  of  the  teeth  are,  of  course,  drawn  with  the  same 
radius.  If  the  thickness  of  the  teeth  is  set  off  on  the  pitch 
circle,  the  radius  of  the  arc,  which  approximates  most  closely  to 
the  outline  of  the  teeth,  and  the  circle  of  centers  has  been  laid 
down,  the  simple  problem  then  is  to  draw  such  arcs  through 
the  points  laid  off  on  the  pitch  circle  from  a  center  which  must 
be  on  the  circle  of  centers. 


•  This  method  is  not  absolutely  correct,  for  the  reason  that  the  space  be- 
tween the  points  of  the  dividers  with  which  the  spaces  i,  a,  3,  etc.,  are  stepped 
off  is  equal  to  the  chord  of  the  arc  included,  which  is  somewhat  less  than  the 
length  of  the  arc  itself.  If  the  spaces  are  short,  no  appreciable  error  will 
result  by  adopting  this  method. 
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The  portion  of  the  flank  of  the  tooth  lying  within  the  base 
circle  may  be  a  radius  to  it  and  tangent  to  the  involute.  In 
order  to  strengthen  the  teeth  small  fillets  should  be  drawn  at 
their  roots  connecting  them  with  the  root-circles.     These  fillets 


to  draw  an  interior  epicycloid  which  would  be  generated  by  a 
point,  6,  in  the  circle  A  in  rolling  on  the  inside  of  the  arc  of 
the  pitch  circle.  The  method  of  drawing  such  curves  was  de- 
scribed in  Chapter  XI.,  Problem  93,  but  a  little  further  elucida- 


Fig-  345- 


are  arcs  of  circles,  and  should  be  made  as  large  as  can  be  made 
to  clear  the  engaging  teeth. 

CYCLOIDAL  TEETH. 


Let  it  be  supposed,  now,  that  a 
I  in.  pitch  is  to  be  drawn 
to  gear  into  a  pinion  with 

12  teeth,  the  latter  to  be  

cycloidal  in  form.  .  Mul- 
tiplying 24  X  I  and  divid- 
ing the  product  by  3. 1416 
gives  the  diameter  of  the 
pitch  circle  =  7f"  full. 
This  is  drawn  from  the 
center  C  in  a  dotted-  line, 
in  fig.  343,  which  is  one- 
half  size.  The  addendum 
and  root-circles  are  then 
drawn  and  the  pitch  circle 
is  first  divided  into  four 
equal  parts,  then  into 
eight,  and  finally  into 
24  =  the  number  of  teeth. 
It  being  supposed  that 
the  teeth  are  to  be  cut  on 
a  machine,  their  thickness 
is  laid  ofi  on  the  pitch  cir- 
cle r=z  \  P,  As  the  wheel 
is  to  gear  into  a  pinion 
with  12  teeth,  which  would 
be  one-half  the  diameter 
of  the  wheel,  the  gener- 
ating circles  A  and  B  are 
taken  at  one-fourth  the 
diameter  of  the  wheel  = 
i§$".  To  lay  out  the 
form  of  the  teeth  an  arc, 
D  E,  of  the  pitch  circle  is 
drawn  full  size  from  the 
center  C,  in  fig.  345,  and 
the  generating  circles  A 
and  B  are  also  drawn  on 
the  line  of  centers  C  F 
and  tangent  to  the  pitch 
circle  at  6.  The  problem 
now  is  to  describe  an  ex- 
terior  epicycloid    on    the 


gear  wheel  with  24  teeth  of 


tion  of  the  method  of  doinc;  it  will  be  given  here. 

In  the  first  place,  ascertain  the  circumference  of  the  pitch 
circle,  which,  in  drawing  the  curves,  will  be  the  fundamental 
circle,  and  also  the  circumference  of  the  generating  circle,  and 
multiply  it  by  360°  and  divide  the  product  by  the  circumference 


Fig-  347- 


outside  of  the  pitch  circle,  which  would  be  generated  by  a  point, 
6,  on  the  circle  B  in  rolling  on  the  outside  of  arc  D  E,  and  also 


Fig.  346. 

of  the  pitch  circle.     This  will  give  the  number  of  degrees  of 
the  angle  which  will  include  an  arc  of  the  pitch  circle  of  equal 
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length  to  the  circumference  of  the  generating  circle.     From  the 
center  C  lay  off  an  angle,  D  C  E,  but  for  convenience  make  this 
only  half  as   large  as  the  angle    which  has   been   calculated. 
Then  the  arc  D  b  E  will  be  equal  in  length  to  one-half  the  cir- 
cumference of  A   and  of  B.     Divide  the  arc  D  t  E  into  any 
even  number  of  equal  parts,  o,  i,  2,  3,  etc.,  and  the  semi-cir- 
cumferences a  t  b  and  a  6  i'  of  A  and  of  B  into  the  same  num- 
ber of   equal  parts,   letting  points  of  division  coincide  at  6. 
Through  the  center  C  of  the  pitch  circle  D  t  E  and  the  points 
of  division  o,  i,  2,  3,  etc.,  of  that  circle,  draw  radii  C  o,  C  i,  C  2, 
etc.     From   C  as  a  center  draw  arcs  e  c  and  d  f  through  the 
centers  c  and  d,  and  extend  the  radii  C  7,  C8,  C  9,  etc.,  to  in- 
tersect d  f  ax  d',  d",  d"\  etc.     From  6  draw  chords,  6  2", 
6  3",  6  4",  6  5",  6  7',  6  8',  6  9',  6  10',  to  the  points  of  division  of 
the  generating  circles.     Then  from  the  centers  d' ,  d" ,  and  d'" , 
with  the  radius  of   the  generating  circles,   draw  arcs    7    7'", 
8  8'",  9  9'"  tangent  to  the  pitch  circle.     Take  with  a  pair  of 
dividers  the  length  of  the  chord  6  7',  and  set  this  distance  off 
on  the  arc  from  7  to  7  "  and  mark  the  point  7'".     In  the  same 
way  take  the  length  of  the  chord  6  8'  and  set  it  off  on  the  arc 
from  8  to  8'",  and  also  the  chord  6  9'  on  the  arc  9  9'".     Then  a 
curve  drawn  through  the  points  6.  7".  8",  9"  will  be  the  out- 
line of  the  face  of  a  tooth.     From  the  points  of  intersection 
<■',  c" f  c" y  c""  of  the  radii  with  the  arc  e  c,  as  centers,  draw 
other  arcs,  2  2",  3  3'",  4  4'",  5  5"',  and  set  ofiF  on  them  from 
2,  3,  4,  and  5,  in  the  same  way  as  has  been  explained,  the 
length  of  the  chords  6  2",   6  3",   6  4",  Jand  6  5",  then  a  curve 
drawn  through  the  points  2",  3'",  4'",  5'",  6  will  form  the  out- 
line of  the  flank  of  the  tootb.     Having  laid  down  these  curves, 
find  centers  g  and  A,  from  which  arcs  may  be  drawn,  which  will 
approximate  as  closely  as  possible  to  these  curves.     In  the 
present  example  these  centers  are  both  on   the  pitch  circle.     If 
they  should  be  without  or  within  it,  their  position  should  be 
laid  down  on  the  drawing  and  circles  of  centers  drawn  through 
them,  on  which  all  the  centers  of  the  arcs  which  form  the  out- 
lines of  the  teeth  would  be  located.     Having  the  radii  of  the 
arcs  which  approximate  to  the  outlines  of  the  teeth,  and  the 
circles  of  centers  and  the  thickness  of  the  teeth  being  laid  down, 
they  are  then  readily  drawn.     Their  correct  outline  may  also 
be  laid  out  by  the  mechanical  method  described  in  the  article 
published  last  month.,  and  illustrated  by  fig.  339,      A  fillet,  2'", 
fig-   345.  should  also  be  drawn  at  the  roots  of  the  teeth  to 
strengthen  them  at  that  point. 

The  usual  method  in  drawing  gear 
wheels  with  cycloidal  teeth  is  to  take  the 
centers  of  the  arcs  for  the  faces  of  the 
teeth  on  the  pitch  circle,  in  the  middle  of 
the  adjoining  spaces  between  the  teeth, 
and  that  for  the  flank  of  the  teeth  also 
on  the  pitch  circle  in  the  middle  of  the  ad- 
joining teeth.  This  method  has  been 
adopted  in  drawing  fig.  343,  the  centers 
of  the  faces  of  tooth  a  being  taken  on  the 
pitch  circle  at  b  and  c  in  the  middle  of  the 
adjoining  spaces,  and  the  centers  of  the 
flanks  are  taken  at  d  and  e,  in  the  middle 
of  the  next  teeth.  When  this  is  done,  it 
must  be  left  to  the  pattern-maker  or  ma- 
chinist to  lay  out  the  exact  form  of  the 
teeth.  It  is  well  in  all  cases  where  a  cor- 
rect form  is  desired  to  give  a  separate 
drawing,  similar  to  fig.  345  or  fig.  339, 
showing  the  method  and  the  exact  dimen- 
sion to  be  used  in  laying  out  the  teeth. 

In  making  small  gear  wheels,  it  is  cus- 
tomary to  make  the  center  or  the  part 
between  thehub  and  the  rim  of  the  form 
of  a  plate  or  disk,  as  shown  in  fig.  343. 
Larger  wheels  have  spokes.  The  follow- 
ing are  good  proportions  for  different 
parts  of  gear  wheels  : 

Thickness  of  rim  below  the  bottom  of 
teeth  =  I  pitch. 

Thickness  of  plate  between  hub  and 
rim  of  plate  wheels  =  f  pitch. 

Depth  of  web  below  rim  of  a  wheel  witharms  =  f  pitch. 
Width  of  arms  at  the  web  for  wheels  with,  say,  less  than  50 
teeth  =  if  pitch. 

Width  of  arms  at  the  web  for  wheels  with,  say,  over  50  teeth 
=  If  pitch. 

Width  of  arms  to  be  tapered  from  \\  in.  to  }  in.  per  foot  of 
length. 

Thickness  of  arms  f  of  their  width. 

Thickness  of  web  inside  of  rim  is  the  same  as  that  of  the 
arms  which  join  it. 

Diameter  of  hub  if  to  2  times  the  diameter  of  shaft. 
Length  of  hub  not  less  than  i^  times  the  diameter  of  the  shaft. 


In  making  working  drawings  it  is  a  very  common  practice  to 
draw  only  the  outside  or  addendum  circle  and  the  pitch  circle, 
and  show  only  a  few  of  the  teeth,  as  represented  in  fig.  346- 
This  shows  a  gear  wheel  with  48  teeth  of  i  in.  pitch  engraved 
to  a  scale  of  3  in.  =  i  ft.  The  student  should  draw  it  full  size. 
What  has  been  said  of  the  proportions  of  the  spokes,  rim,  etc., 
and  the  explanation  of  the  method  of  drawing  pulleys,  in  Chap- 
ter VI.,  makes  any  further  directions  for  drawing  these  parts  of 
a  wheel  unnecessary.  It  is  customary  to  show  one  view  of  such 
wheels  in  section,  fig.  347,  as  in  this  way  the  proportions  of 
the  hub,  arms,  rim,  etc.,  can  be  shown  more  clearly  than  by  an 
external  view.  The  section  is  suppcffeed  to  he  on  the  line 
A  B  C,so  that  in  the  top  portion  the  shape  of  the  rim  is  repre- 
sented and  in  the  lower  part  that  of  one  of  the  arms.  The 
sections  of  the  arms  are  supposed  to  be  elliptical  in  shape,  but 
such  arms  are  sometimes  made  of  cruciform,  T  or  X  shape, 
although  this  practice  has  now  to  a  great  extent  gone  out  of 
fashion. 

The  number  of  arms  in  wheels  is  fixed  very  arbitrarily. 
Unwin,  in  his  "  Elements  of  Machine  Design,"  makes  the 
general  observation  that  "  usually  there  are  fcur  arms  for 
wheels  not  exceeding  4  ft.  in  diameter  ;  six  arms  for  wheels  of 
from  4  ft.  to  8  ft.;  and  eight  arms  for  wh«sls  from  8  ft.  to  16  ft. 
diameter." 

(TO  BE  CONTINUED.) 


Lightships  for  Lake  Stations. 


(From  the  Cleveland  Marine  Record.) 


The  accompanying  cut  shows  the  type  of  three  lightships 
built  for  service  and  now  ready  for  placing  on  White  Shoal, 
Simmon's  Reef  and  Gray's  Reef,  Lake  Michigan.  Eleven 
lake  shipbuilding  firms  made  bids  for  their  construction  last 
March,  and  the  contract  was  duly  awarded  to  the  lowest,  the 
Craig  Shipbuilding  Company.  Toledo,  O.,  who  have  completed 
their  work  under  a  Government  superintendent  of  construction 


LIGHTSHIP  FOR  LAKE   MICHIGAN. 

according  to  the  specifications  of  the  Lighthouse  Board.  These 
vessels  are  notable  on  account  of  being  the  only  lightships 
under  Government  jurisdiction  now  afloat  on  the  lakes,  and 
they  mark  an  era  in  the  systematic  lighting  of  channels,  fair- 
ways and  dangers  which  has  long  been  sought  by  the  light- 
house officials  in  charge  of  the  lake  districts,  the  vessel  owners 
and  kindred  interests.  Their  dimensions  are  100  ft.  over  all, 
21  ft.  beam,  and  14  ft.  deep  (molded).  Engines,  cylinders 
14  X15  in.,  speed  about  6  miles  per  hour. 

The  cost  of  construction  for  the  three  lightships  was  $44,429, 
or  nearly  $14,810  each,  including  windlasses,  fog  whistles, 
trysail  masts  and  extras. 
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Manufactures. 


General  Notes. 


The  office  of  the  Lappin  Brake  Shoe  Company  has  been 
removed  to  Room  406,  Welles  Building,  No.  18  Broadway, 
New  York. 

The  Co«ke  Locomotive  Works,  Paterson.  N.  J.,  are  building 
25  engines  for  the  Chicago,  St.  Paul  &  Kansas  City  Railroad. 

The  largest  fly-wheel  in  the  country,  it  is  claimed,  is  in  the 
new  power-house  of  the  West  End  Street  Railroad,  in  Boston; 
The  wheel  is  28  ft.  in  drameter,  10  ft.  7  in.  face,  and  weighs  80 
tons.  It  carries  two  54-in.  belts,  and  the  velocity  of  the  rim  is 
6000  ft.  per  minute. 

The  American  Steel  Wheel  Company  has  decided  to  remove 
its  plant  from  Boston,  and  to  put  up  extensive  buildings  at  a 
point  where  materials  and  fuel  can  be  had  at  lower  cost  for 
freight.  A  point  on  the  line  of  the  Central  Railroad  of  New 
Jersey,  some  20  or  25  miles  from  New  York,  will  probably  be 
selected. 

Recent  orders  for  locomotives  include  one  for  35  given  to 
the  Brooks  Locomotive  Works  by  the  Lake  Shore  &  Michigan 
Southern  Company.  The  Boston  &  Albany  has  placed  an 
order  for  25  engines  with  the  Rhode  Island  Locomotive  Works 
in  Providence. 

The  St.  Charles  Car  Company  has  an  order  for  300  COal  cars 
of  60,000  lbs.  capacity  for  the  Texas  &  Pacific.  This  company 
has  also  an  order  for  two  first-class  chair  cars  for  the  Toledo, 
St.  Louis  &  Kansas  City  road.  They  will  be  mahogany  finish, 
with  spacious  smoking  room  and  complete  buffet,  and  will  be 
very  handsome  cars. 

The  Grant  Machine  Tool  Works  has  recently  established  at 
Fitchburg,  Mass.,  works  for  making  by  new  process  anti-fric- 
tion steel  balls,  ball  bearings,  and  specialties  of  steel.  They 
will  also  make  the  standard  brake-pin.  Mr.  R.  H.  Grant  is 
Superintendent,  and  John  J.  Grant,  formerly  of  the  Simonds 
Roiling  Machine  Company,  is  General  Manager. 

Few  roads  in  the  Central  States  have  made  greater  improve- 
ments recently  than  the  Toledo,  St.  Louis  &  Kansas  City, 
under  the  presidency  of  S.  R.  Callaway.  A  large  quantity  of 
new  steel  has  been  put  down,  the  track  ballasted,  and  other 
improvements  made.  The  company  has  just  received  500  new 
box-cars  and  is  having  10  new  locomotives  built.  Several  new 
chair  cars  have  also  been  ordered,  and  the  company  will  con- 
tinue the  work  until  the  line  is  completely  equipped. 

The  Brooks  Locomotive  Works,  Dunkirk,  N.  Y.,  have  re- 
cently completed  a  compound  locomotive  for  the  Lake  Shore  & 
Michigan  Southern  road.     It  is  a  lo-wheel  freight  engine. 

The  Bucyrus  Steam  Shovel  &  Dredge  Company,  Bucyrus, 
O.,  has  completed  the  machinery  for  a  new  dredge  boat  for  the 
United  States  Government.  The  boat  is  intended  for  use  on 
the  Cumberland  and  Tennessee  rivers,  and  its  first  work  will 
be  on  the  Mussel  Shoals  Canal.  The  boat  is  80  ft.  long,  35  ft. 
beam,  6^2  ft.  deep.  The  dredge  is  of  the  elevator  type,  with 
steel  buckets,  and  is  so  arranged  as  to  discharge  the  material 
into  the  scows  at  either  side,  or  over  the  end  at  any  distance  up 
to  80  ft.  The  same  Company  has  recently  furnished  a  large 
dredge  to  the  New  Orleans  &  Northeastern  Railroad.  It  is  to 
be  used  in  filling  up  the  long  trestle  over  Lake  Pontchartrain. 

The  contract  for  the  iron  work  of  the  new  elevated  line  of 
the  Philadelphia  &  Reading  Railroad  into  Philadelphia  has  been 
awarded  to  A.  «&  P.  Roberts,  of  the  Pencoyd  Iron  Works.  It 
includes  the  iron  work  for  the  elevated  line  and  for  the  train- 
shed  and  market-house  at  Twelfth  and  Arch  Streets,  and  is  one 
of  the  largest  contracts  in  this  line  ever  let. 

The  Ship  Owners'  Dry  Dock  Company  has  recently  com- 
pleted a  new  timber  dry-dock  at  Cleveland,  O.,  which  is  336  ft. 
long  on  the  floors,  45  ft.  wide  at  the  bottom  and  85  ft.  at  the 
top.  The  gate  is  47  ft.  wide  on  the  sill,  and  has  a  depth  of  15 
ft.  when  the  dock  is  full.  The  pumping  machinery  consists  of 
two  vertical  pumps,  each  with  24-in.  discharge,  driven  by  two 
horizontal  engines,  with  18  x  20  in.  cylinders.  These  pumps 
will  empty  the  dock  in  45  minutes. 

The  A/arine  /Review  reports  about  40,0(Xi  tons  now  under  con- 
struction in  the  Lake  ship-yards.  This  includes  two  wooden 
vessels  and  one  steel  one  in  the  Wheeler  Yard  at  West  Bay  City  ; 
a  large  wooden  steamer  in  the  Davidson  Yard  at  West  Bay  City  ; 
two  lumber-carrying  boats  at  the  Marine  City  Yard  ;  a  steel 
steamer  in  the  Detroit  Dry  Dock  Company's  yard,  and  eight 
whalebacks  in  the  yard  of  the  American  Steel  Barge  Coippany. 
at  West  Superior. 


The  power  station  of  the  East  End  Electric  Light  Company, 
in  Pittsburgh,  is  entirely  supplied  with  the  Westinghouse  en- 
gine. The  company  has  in  its  plant  15  of  these  engines,  aggre- 
gating 1,800  H.P.,  and  including  two  18  and  30  x  16  in.  com- 
pounds ;  three  11  and  19  x  ii-in.  compounds  ;  one  18  x  i6-in. 
standard  ;  three  15^^  x  14-in.  standard  ;  four  12  x  11  stand- 
ard ;  one  11  x  lo-in.  ;  and  one  jyz  x  7-in.  standard.  There 
are  21  dynamos  run  by  these  engines,  aggregating  12,000  in- 
candescent and  420  arc  lights. 

The  New  York  Central  &  Hudson  River  Company  has  con- 
tracted with  the  Consolidated  Car  Heating  Company,  of  Albany, 
N.  Y.,  for  the  re-equipment  of  all  its  cars,  the  work  to  be  com- 
pleted within  60  days.  The  Consolidated  direct  steam  system 
with  the  Sewall  coupler  will  be  used.  The  Consolidated  Com- 
pany has  also  recently  received  orders  for  90  commingler  equip- 
ments for  the  Canadian  Pacific  ;  65  for  the  Boston  &  Maine  ; 
50  for  the  Old  Colony,  and  35  for  the  Concord  &  Montreal. 
The  Sewall  coupler  will  te  used  in  all  of  these. 

The  Harlan  &  Hollingsworth  Company,  in  Wilmington, 
Del.,  has  lately  taken  contracts  for  four  steel  boats  for  service 
on  Long  Island  Sound.  These  boats  are  a  departure  from  the 
side-wheel  type  in  general  use  on  those  waters,  all  having  twin 
screws.  Two  of  them  are  for  the  Providence  &  Stonington 
Steamship  Company  ;  they  will  be  310  ft.  long  over  all,  302  ft. 
on  the  water-line,  44  ft.  beam  and  60  ft.  over  the  guards.  Each 
will  have  one  triple-expansion  engine,  with  high-pressure  Cylin- 
der 28  in.,  intermediate  45  in.,  and  two  low-pressure  cylinders, 
each  51  in.  in  diameter,  all  being  42  in.  Stroke.  The  Other  two 
boats,  for  the  New  Haven  Steamboat  Company,  will  be  315  ft. 
long  over  all,  300  ft.  on  the  water-line,  47  ft.  10  in.  beam  and 
53  ft.  over  the  guards.  Each  will  have  two  triple-expansion 
engine!,  with  cylinders  24  in.,  38  in.  and  60  in.  in  diameter  and 
30-in.  stroke. 

The  firm  of  Watson  &  Stillman,  of  New  York,  have  recently 
added  5,000  ft.  to  their  already  large  hydraulic  machinery  works, 
greatly  facilitating  the  production  of  railroad  tools.  The  out- 
put of  hydraulic  jacks  and  car-wheel  presses  during  the  last  two 
years  has  increased  to  such  an  extent  that  the  adoption  of  this 
course  was  necessary  in  order  to  keep  abreast  with  their  orders. 

There  was  a  slight  fire  at  the  Richmond  Locomotive  Works, 
Richmond,  Va.,  on  the  night  of  October  15,  which  was  fortu- 
nately soon  discovered,  and  was  quickly  extinguished  by  prompt 
action.  Practically  the  only  damage  done  was  to  the  roof  of 
the  foundry,  and  full  operations  were  only  delayed  for  a  day 
or  two.  These  works  are  in  a  better  condition  for  prompt  and 
satisfactory  work  than  ever  before. 

The  RiehJe  Brothers  Testing  Machine  Company,  in  Phila- 
delphia, has  just  completed  a  large  vertical  screw-power  testing 
machine  for  the  School  of  Practical  Science  in  Toronto,  Ont. 
This  machine  is  arranged  with  two  movable  cross-heads  for 
quick  adjustment,  for  testing  long  and  short  specimens  for 
tensile  strength.  It  will  test  by  tensile  strains  specimens  from 
10  ft.  down  to  6  in.  long  ;  transverse  specimens  from  18  ft. 
to  I  ft.;  compression  specimens  from  12  ft.  down. 

On  October  i  there  was  cast  at  Carnegie,  Phipps  &  Company's 
Homestead  Steel  Works  a  nickel-steel  ingot  weighing  25  tons, 
which  was  without  a  flaw.  It  is  to  be  reheated  and  rolled  into 
a  single  plate  for  the  United  States  coast  defense  vessel  Afcn- 
terey,  in  course  of  completion.  This  was  the  largest  nickel- 
steel  ingot  yet  made  in  this  country,  but  a  few  days  later  the 
works  cast  one  weighing  50  tons,  designed  for  the  same  vessel  ; 
when  finished  it  will  be  13  in.  thick. 

The  limited  trains  of  the  Erlanger  system,  which  run  between 
Cincinnati  &  Florida,  have  coaches  elegantly  furnished  and 
supplied  with  all  modern  conveniences,  including  steam  heat 
and  Pintsch  gas. 

The  equipment  of  200  cars  for  the  New  York,  New  Haven 
&  Hartford  Railroad  with  steam  heat  has  been  completed  by 
the  Safety  Car  Heating  &  Lighting  Company,  of  New  York. 
The  New  York  &  New  England  cars  are  being  rapidly  fitted 
with  the  Gibbs  couplers,  which  are  used  in  connection  with  the 
Safety  Company's  hot  water  circulating  system. 


Baltimore  Notes. 


Work  upon  the  tunnel  of  the  Belt  Railroad  is  progressing 
better  than  is  generally  known.  Up  to  this  date  over  2,000  ft. 
of  the  brick  work  of  the  total  6,000  ft.  have  been  completed 
and  arched  out. 

The  directors  of  the  City  Passenger  Railway  Company — 
which  includes  the  Red,  White  and  Blue  Lines — have  selected 
sites  for  the  three  power  houses  of  the  new  cable  line,  and  the 
board  has  confirmed  the  purchase.     One  house  will  be  located 
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on  South  Eutaw  Street,  between  German  and  Lombard  ;  one  at 
the  corner  of  East  Baltimore  and  Easts  street,  and  one  at  or 
near  the  terminus  on  West  Baltimore  Street,  above  Fulton 
Avenue. 

The  Baltimore  &  Ohio  is  building  a  line  that,  when  '"om- 
pleted,  will  be  known  as  the  Metropolitan  Southern,  and  will 
run  from  Linden  on  the  Metropolitan  Branch,  nine  miles  west 
of  Washington,  to  a  point  south  24  miles.  It  will  be  a  single 
track  road.  Mr.  W.  L.  Sission,  Assistant  Chief  Engineer,  has 
charge  of  the  construction. 

It  is  rumored  that  after  January  i,  1892,  the  Monongahela 
River  Railroad  in  West  Virginia  will  be  operated  by  the  Balti- 
more &  Ohio  Railroad  as  part  of  its  Wheeling  &  Parkersburg 
Division. 

The  Mt.  Clare  shops,  Baltimore  &  Ohio  Railroad,  have  re- 
ceived orders  for  the  construction  of  seven  new  52-ft.  baggage 
cars,  15  new  standard  caboose  cars,  and  two  standard  derrick 
cars. 

The  Baltimore  &  Ohio  has  about  completed  at  Benwood  and 
Wheeling,  W.  Va.,  improvements  which  will  vastly  facilitate 
the  transaction  of  business  at  those  important  points.  At 
Benwood  a  large  yard,  with  10  miles  of  track,  has  been  fin- 
ished, and  here  the  freight  business  coming  west  of  the  Ohio 
River,  as  well  as  that  going  west  from  the  Main  Line  and  Pitts- 
burgh Division,  and  Baltimore,  will  be  classified  and  dis- 
tributed. The  Company  is  also  about  to  build  a  commodious 
passenger  station  at  Benwood,  with  eating-house  and  a  large 
round  house,  with  immense  shops. 
The  shops  now  at  Wheeling  and 
Bellaire  will  be  removed  to  Ben- 
wood. There  has  also  been  con- 
structed at  Benwood  a  connection 
between  the  main  line  and  the  ap- 
proach to  the  Bellaire  Bridge,  which 
will  enable  all  trains  to  pass  over 
without  reversing  engines  or  cars. 

The  South  Baltimore  Car  Works, 
Curtis  Bay,  have  arranged  to  over- 
haul and  paint  250  Wickes  Refrig- 
erator Cars  foi  the  Baltimore  & 
Ohio  Railroad.  \ 

— 0 

Emery  Wheels. 


blazing  or  clogging  up  of  wheel  with  metal,  and  as  to  cracks, 
breaks  and  defects  of  wheels. 

"  Of  the  15  varieties,  six  were  found  too  unsafe  to  warrant 
thtir  general  use,  57  per  cent,  of  the  wheels  bursting  under  the 
same  conditions  which  other  wheels  passed  through  uninjured. 
Eleven  varieties  (among  which  are  included  the  six  unsafe  varie- 
ties) were  found  to  be  such  slow  cutters  that  the  average  metal 
removal  of  10  of  them  was  less  than  the  general  average  of  all 
the  wheels.  Of  the  15  varieties  only  four  were  found  to  be  rapid 
cutters.  Of  these  one  wore  so  rapidly  that  the  cost  of  its  rapid 
cut  was  unreasonable.  This  left  three  safe,  effective  and  satis- 
factory wheels,  one  of  which,  however,  was  demonstrated  to 
work  at  a  greater  cost  than  the  Tanite.  The  rivalry  was  thus 
narrowed  to  two  wheels,  and,  in  the  judgment  of  our  Board,  fur- 
ther trials  are  necessary  before  the  relative  value  of  these  two 
can  be  determined. 

"  One  striking  feature  characterized  these  two.  That  is,  that 
in  every  series  ot  trials  these  wheels  increased  in  productive 
capacity,  the  average  of  the  last  cuts  of  all  the  series  being 
greater  than  the  average  of  all  the  first  cuts.  The  13  other 
varieties  all  decreased  in  productive  capacity,  the  average  of  the 
last  cuts  being  less  than  the  average  of  the  first.  Some  of  these 
which  made  a  brilliant  show  at  the  start  cut  scarcely  anything 

at  the  close." 

^ 

The  McEntee  Coupler. 


The  illustration  herewith  shows  the  McEntce  coupler  as 


A  REPORT  has  recently  been  made 
public  of  a  series  of  tests  of  solid 

emery  wheels,  made  by  Messrs.  Coleman  Sellers,  J.  E.  Denton 
and  Alfred  R.  Wolff.  From  this  report  we  take  the  following 
extract : 

"  It  was  unanimously  agreed  that  hand  testing  must  be  done 
away  with  and  the  personal  factor  eliminated,  in  order  that  the 
results  might  be  unimpeachable.  The  defect  of  existing  test 
machines  was  speedily  recognized,  and  it  became  necessary  to 
invent  a  new  testing  machine.  After  much  study  and  many 
trials  your  Board,  with  the  valuable  assistance  of  Professor 
Webb,  of  Stevens  Institute  of  Technology,  at  Hoboken,  con- 
structed a  machine  which  met  the  approval  of  all  concerned. 

•*  It  was  agreed,  that  to  constitute  a  good  solid  emery 
wheel,  the  following  qualities  should  be  combined  :  safety 
under  the  widest  conditions  of  use  and  misuse  ;  rapidity  of  cut ; 
freedom  of  cut  at  moderate  pressure  ;  reasonable  amounts  of 
wheel  loss  and  power  consumption  {  evenness  of  wear  ;  general 
staying  quality  ;  and  reliability  under  the  widest  range  of  cir- 
cumstances. 

"  Our  Board  then  agreed  upon  a  programme  of  work — had 
the  test  machine  erected  in  the  machine  shop  of  the  Stevens  In- 
stitute of  Technology,  at  Hoboken — and  had  the  various  wheels 
(bought  directly  by  themselves)  delivered  at  Stevens  Institute. 
The  grinding  was  done  on  cast-iron  bars  supplied  directly  to  us 
by  one  founder,  special  care  being  taken  as  to  quality  ot  metal 
and  size  of  bar.  The  trials  reported  on  were  made  at  the 
Stevens  Institute  during  1889  and  1890,  the  tabulations  being 
too  voluminous  to  admit  of  detail  here.*  During  the  latter  part 
of  this  investigation  the  assistance  of  Professor  Jacobus  (As- 
sistant Professor  of  Experimental  Mechanics  at  Stevens  Insti- 
tute) was  secured. 

"  In  preliminary  and  collateral  investigation  many  trials  were 
made  with  hand  pressure,  and  some  under  measured  pressures 
of  10  lbs.  and  75  lbs.  ;  but  our  report  is  based  on  a  long  series 
of  trials  at  three  different  pressures — 42  lbs.,  60  lbs.  and  100  lbs. 
These  separate  trials  numbered  several  thousand,  during  each 
of  which  exact  data  were  recorded  as  to  speed,  power,  resist- 
ance between  wheel  and  metal,  amount  of  metal  gr.  und  off, 
amount  of  wheel  material  consumed,  and  observations  made  as 
to  the  cleanness  of  cut,  amount  of  heat  generated,  amount  of 


applied  to  cars  on  the  Northern  Pacific  Railroad.  The  invento*" 
states  that  it  has  worked  well  on  that  road  and  has  given  satis- 
faction, as  it  couples  without  difficulty  with  the  common  draw- 
bar. The  cut  shows  the  manner  in  which  it  is  arranged  on  the 
car,  the  smaller  view  (enclosed  in  a  semicircle  near  the  center) 
showing  a  section  of  the  draw-heads.  In  the  engraving  the 
pin  is  in  position  just  ready  to  couple. 


Experience  with  Steel  Ties. 


In  October,  i88g,  some  steel  ties  of  the  pattern  made  by  the 
Standard  Metal  Tie  &  Construction  Company  were  laid  in  the 
track  of  the  Chicago  &  Western  Indiana  Railroad.  The  fol- 
lowing is  an  extract  from  a  report  made  on  these  ties  after  two 
years'  use,  by  Mr.  John  W.  Clarke,  formerly  Roadmaster  of 
the  road  : 

"  I  find  the  total  expense  on  the  stretch  of  1,000  ft.  of  steel 
ties  during  the  19  months  they  were  in,  while  I  was  connected 
with  the  road,  was  $45.50,  and  the  greatest  portion  of  this  was 
caused  by  the  first  surfacing  done,  after  track  had  been  laid  in 
the  soft  ballast,  to  bring  them  up  to  the  same  elevation  as  the 
track  on  wooden  ties  alongside.  During  the  same  time  the  cost 
for  labor  alone  for  ihe  1,000  ft.  of  track  with  wooden  ties  along> 
side  of  the  steel  ties  was  ^210.25,  showing  enough  saved  on 
labor  alone  to  purchase  65  new  steel  ties. 

'*  The  life  of  the  rails,  by  reason  of  their  being  held  rigidly 
upright,  must  certainly  be  increased  by  a  good  many  per  cent,, 
and  this  should  go  to  the  credit  of  the  lies.  My  observaiion  of 
the  lessening  of  oscillation  and  vibration  on  engines  and  cars, 
especially  on  heavily  loaded  cars  of  yielding  material  like  grain. 
leads  me  to  believe  that  engines  and  cars  running  on  a  road 
laid  with  such  ties  would  show  a  saving  in  repairs  and  a  longer 
life.  It  is  also  certain  that  spreading  of  the  rails  cannot  occur, 
and  that,  if  a  rail  breaks,  the  chances  of  an  accident  occurring 
from  that  source  are  reduced  to  a  minimum." 

Sections  of  track  have  recently  been  laid  with  these  ties  on 
the  Long  Island  Railroad,  near  the  terminus  in  Long  Island 
City,  and  on  the  Philadelphia  &  Reading  in  Philadelphia.  In 
both  places  they  will  be  subjected  to  a  very  severe  test. 
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PERSONALS. 


W.  T.  Jennings  has  resigned  his  position  as  Cily  Engineer 
of  Toronto,  Ont.,  and  will  re-enter  railroad  work. 

Richard  H.  Tai.COTT  has  resigned  his  position  as  Chief  En- 
gineer of  the  Seattle  &  Eastern  Construction  Company,  and  will 
return  to  the  East. 

John  C.  Willis,  of  Metropolis.  111.,  has  been  appointed  a 
member  of  the  Illinois  Railroad  Commission  in  place  of  John 
R.  Tanner,  who  has  resigned. 

H.  B.  La  Rue,  who  is  well  and  widely  known  wherever 
railroad  supplies  are  bought,  is  now  open  to  an  engagement, 
having  resigned  his  last  position. 

George  Richards  has  been  appointed  Master  Mechanic  of 
the  Elmira,  Cortland  &  Northern  Railroad,  with  office  at  Cort- 
land, N.  Y.,  succeeding  Thomas  Kearsley,  who  has  resigned. 

J.  F.  O'RouKKE,  recently  Engineerfor  the  contractors  of  the 
Chignecto  Ship  Railroad,  has  been  appointed  Engineer  in 
Charge  of  Surveys  for  the  Rapid  Transit  Commission,  New 
York. 

H.  B.  Prindle,  formerly  with  the  Thomson-Houston  Elec- 
tric Companv,  has  opened  an  office  at  53  Stale  Street  in  Bos- 
ton, as  an  advertising  agent  for  manufacturers,  and  also  for  the 
preparation  of  catalogues  and  price-lists. 

Joh.n  E.  Spurrier  has  been  appointed  Train-Master  of  the 
Baltimore  Division  of  the  Baltimore  &  Ohio  Railroad  Company, 
with  headquarters  at  Cumberland,  vice  John  Barron,  trans- 
ferred to  the  Philadelphia  Division. 

W.  D.  Crosman,  for  some  time  past  Editor  of  the  Raihoay 
Master  Mechanic,  of  Chicago,  has  resigned  that  position,  and 
has  been  appointed  Associate  Editor  of  the  Consolidated  Rail- 
way A^e  and  Northwestern  Railroader.  Mr.  Crosman  will  have 
his  office  for  the  present  in  Minneapolis. 

Edward  T.  Jefkery  has  been  chosen  President  and  Gen- 
eral Manager  of  the  Denver  &  Rio  Grande  Railroad,  and  will 
have  his  office  in  Denver,  Col.  Mr.  Jeffery  was  for  many  years 
connected  with  the  Illinois  Central,  rising  from  a  subordinate 
position  to  be  Superintendent  of  Motive  Power,  and  afterward 
General  Superintendent  and  General  Manager.  He  left  the 
Illinois  Central  in  1889,  and  since  then  has  been  President  of  the 
Grant  Locomotive  Works,  of  Chicago. 


OBITUARY. 


Chief  Engineer  James  Buttervvgrth,  U.  S.  N..  died  in 
North  Cambridge,  Mass.,  October  6.  He  entered  the  Nayy  in 
1861  and  rose  gradually  until  he  was  appointed  Chief  Engineer 
in  18S1.  He  was  a  constant  student  and  was  considered  an 
authority  on  modern  machinery,  and  especially  on  applications 
of  electricity. 


Archibald  R.  Taylor,  who  died  at  his  home  at  Pine  Bush, 
N.  Y.,  September  28,  aged  84  years,  was  for  many  years  a 
civil  engineer.  He  was  employed  on  the  original  surveys  of 
the  Erie  Railroad,  and  was  one  of  the  party  which  began  the 
first  railroad  survey  in  Chicago.  He  retired  from  active  work 
some  years  ago. 


John  Baird,  who  died  in  New  York,  October  17,  aged  71 
years,  was  of  Scotch  birth,  but  passed  nearly  all  his  life  in 
America.  For  a  number  of  years  he  was  connected  with  the 
Burden  Iron  Works  in  Troy.  N.  Y.,  and  about  1854  he  re- 
moved to  New  York  City,  where  he  was  connected  with  the 
Delamater  Iron  Works.  In  1859  he  was  appointed  Chief 
Engineer  of  the  Cromwell  Steamship  Line,  and  nearly  all  the 
boats  of  that  line  were  designed  by  him.  When  the  Metro- 
politan Elevated  Railroad  Company  was  organized,  Mr.  Baird 
was  made  Vice-President  and  Manager  ;  he  superintended  the 
building  of  the  road  and  retained  his  position  up  to  the  time  of 
the  consolidation  by  which  the  present  Manhattan  Company 
was  formed. 


Frederick  Jarvis  Slade,  who  died  October  11,  aged  49 
years,  was  born  in  Boston,  but  removed  to  New  York  at  an 
early  age,  graduated  at  the  City  College,  and  was  for  a  time  in 
the  Morgan  Iron  Works.  Subsequently  he  studied  in  Europe, 
and  was  for  some  time  associated  with  the  late  Alexander 
L.  Holley.  Nearly  25  years  ago  he  entered  the  employ  of  the 
New  Jersey  Steel  &  Iron  Company  at  Trenton,  and  in  1S68 
built  for  that  Company  the  first  open-hearth  steel  furnace  in 


this  country.  After  acting  as  Engineer  of  the  Company  for 
some  years,  Mr.  Slade  was  appointed  General  Manager,  and 
held  that  position  until  his  death.  He  was  considered  a  high 
authority  on  metallurgical  questions,  and  wrote  a  number  of 
valuable  reports  and  papers. 


Joel  Benedict  Harris,  who  died  in  Rutland,  Vt.,  October 
iq,  aged  69  years,  was  born  in  Sterling,  Conn.,  and  graduated 
from  the  Rensselaer  Polytechnic  Institute  at  Troy,  as  a  civil 
engineer,  in  1840.  After  working  at  his  profession  for  some 
years  he  became  a  contractor,  and  did  some  heavy  work  on  the 
Harlem,  the  Boston  &  Albany,  the  New  York  &  New  Haven 
and  other  roads.  In  i860  he  settled  in  Rutland,  and  there 
established  the  Rutland  Foundry  Company,  manufacturer  of  car 
wheels  and  other  castings.  This  concern  was  reorganized  in 
1882  as  the  Harris  Manufacturing  Company,  and  Mr.  Harris 
remained  President  until  his  death  ;  he  was  also  President  of 
the  Springfield  Foundry  Company  at  Spiingiield,  Mass.  He 
leaves  a  widow  and  six  children. 


PROCEEDINGS   OF  SOCIETIES. 


Master  Car  Builders'  Association  and  American  Railway 
Master  Mechanics'  Association. — The  following  circular  has 
been  issued  by  the  Joint  Committee  of  Arrangements,  consist- 
ing of  Messrs.  R.  C.  Blackall,  J.  W.  Marden,  E.  Chamberlain, 
O.  Stewart  and  Angus  Sinclair  : 

NEXT   CONVENTIONS, 

The  Joint  Committee  of  the  above  Associations,  empowered 
to  select  the  place  of  meeting  for  the  next  Conventions,  met  at 
BufTalo  on  September  7,  and  decided  on  Saratoga,  N.  Y. 

Congress  Hall  Hotel  has  been  selected  as  the  headquarters 
of  both  Associations.  The  members  and  all  others  attending 
the  Conventions  will  receive  accommodation  at  the  uniform 
rate  of  $3  per  day.  Application  for  rooms  should  be  made  to 
H.  S.  Clements,  Congress  Hall,  Saratoga,  N.  Y. 

As  the  second  Wednesday  of  June  happens  on  the  8th  next 
year,  and  as  there  was  difficulty  in  getting  a  hotel  to  open  so 
early,  the  Executive  Committees  of  the  two  Associations  decid- 
ed to  postpone  the  Conventions  one  week.  Under  this  arrange- 
ment the  Master  Car  Builders'  Convention  will  meet  on  Wed- 
nesday, June  15,  and  the  Master  Mechanics' Convention  on  the 
Monday  following. 

American  Society  of  Mechanical  Engineers. — The  twelfth 
annual  meeting  will  be  held  at  the  Society's  house.  No,  12 
West  Thirty-first  Street,  New  York,  beginning  Monday  even- 
ing, November  16.  At  this  meeting  the  usual  routine  business 
will  be  transacted,  officers  for  the  ensuing  year  elected,  and 
there  will  be  several  sessions  for  the  reading  of  papers  and  dis- 
cussions. 

Secretary  F.  R.  Hutton  has  issued  a  circular  stating  that  a 
proposition  has  been  made  to  hold  the  spring  meeting  of  1892 
in  California.  The  question  has  come  before  the  Council,  and 
it  has  been  decided  to  accept  invitations  from  the  Pacific  Coast, 
provided  the  members  at  large  approve  of  the  selection.  The 
cost  for  the  journey  will  not  exceed  $300  each,  including  visits 
to  prominent  points  of  interest,  and  may  be  reduced  if  a  suffi- 
cient number  of  members  accept. 


American  Railway  Association. — The  fall  meeting  of  this 
Association — formerly  called  the  General  Time  Convention — 
was  held  in  New  York,  October  14.  The  President,  Colonel 
H  S.  Haines,  made  an  interesting  address  on  the  Cost  of 
Transportation,  noting  the  elements  which  should  enter  into  it 
and  the  manner  in  which  it  should  be  estimated. 

Mr.  Willard  A.  Smith,  Director  of  Transportation  Exhibits 
of  the  Columbian  Exposition,  addressed  the  meeting  on  the 
plans  made  for  this  work,  and  the  prospects  for  carrying  it 
out.  Resolutions  were  passed  in  favor  of  this  work.  Resolu- 
tions were  also  passed  expressing  interest  in  the  timber  tests 
now  being  made  by  the  Department  of  Agriculture. 

The  Car  Service  Comrnittee  made  a  report,  saying  that  the 
system  of  Car  Service  and  Demurrage  Associations,  so  far  as 
carried  out,  was  working  very  successfully. 

The  Committee  on  Safety  Appliances  reported  progress,  and 
submitted  a  resolution,  which  was  adopted,  to  the  effect  that 
continuous  steam  heating  should  be  the  standard  system  of  the 
Association,  and  that  lighting  with  high-test  oil  is  practically 
safe. 

The  Committee  on  Train  Rules  reported  that  the  standard 
code  is  now  in  use  on  109  roads,  operating  76,000  miles,  and 
that  17  more  roads  with  7,000  miles  were  soon  to  adopt  it. 
The  Committee  recommended  no  change  in  rules. 
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A  delegation  from  the  Train  Dispatchers'  Association  pre- 
sented some  suggestion  concerning  new  rules,  which  were  re- 
ceived, acknowledged,  and  referred  to  the  Committee  on  Train 
Rules. 

American  Society  of  Railroad  Superintendents.— At  the 
fall  meeting  in  New  York,  October  12,  several  amendments  to 
the  constitution  were  adopted.  The  report  showed  that  there 
were  now  198  members. 

The  Committee  on  Transportation  reported  on  some  ques- 
tions in  train  dispatching,  stating  that  the  questions  were  very 
complicated,  and  that  they  had  not  been  able  to  recommend  a 
final  answer. 

The  Committee  on  Roadway  made  a  report,  discussing  tie- 
plates  and  some  patent  spikes,  and  holding  that  80  lbs.  per 
yard  was  about  the  heaviest  rail  section  to  be  recommended. 
If  additional  support  was  needed,  it  would  be  better  to  increase 
the  number  of  ties.     This  report  was  discussed  at  some  length. 

The  Committee  on  Machinery  made  a  report  on  Car  Heat- 
ing, and  on  the  Use  of  Malleable  Iron  in  ,Car  Construction  ; 
they  stated  that  a  regulator  for  controlling  the  degree  of  heat 
in  cars  was  much  needed. 

Mr.  W.  G.  Wattson  read  an  interesting  paper  on  Economy 
in  Train  Service,  which  was  discussed  at  some  length.  At  the 
close  of  this  discussion  it  was  resolved  that  the  Committee  on 
Transportation  be  instructed  to  prepare  a  catechism  for  the 
examination  of  trainmen. 

A  Committee  of  seven  on  Signaling  was  appointed  to  report 
at  the  next  meeting.  It  consists  of  Messrs.  J.  J.  Turner, 
James  Donnelly,  C.  H.  Piatt,  J.  H.  French,  C.  D.  Hammond, 
W.  G.  Wattson.  and  O.  E.  McCIellan. 

Mr.  Willard  A.  Smith  was  introduced,  and  made  an  address  on 
the  Transportation  Exhibit  at  the  Columbian  Exhibition.  At 
its  close  the  Executive  Committee  was  directed  to  take  up  the 
matter. 

The  following  officers  were  elected  :  President,  H.  Stanley 
Goodwin  ;  Vice-Presidents,  C.  W.  Bradley,  G.  W.  Beach  ; 
members  of  Executive  Committee,  R.  G.  Fleming,  O.  M. 
Shepard. 

In  the  evening  the  meeting  and  the  tenth  anniversary  of  the 
Society  were  celebrated  by  a  dinner  at  the  Hotel  Brunswick, 
at  which  about  40  members  were  present,  and  which  was  much 
enjoyed. 


American  Institute  of  Mining  Engineers. — The  fall  meet- 
ing was  held  at  Glen  Summit,  Pa.,  beginning  October  6,  and 
was  largely  attended.  At  the  opening  meeting  addresses  were 
made  by  Honorable  Eckley  D.  Coxe,  Chairman  of  the  Local 
Committee,  and  by  President  Birkinbine.  who  referred  to  the 
work  done  by  the  Institute  and  the  number  of  important  papers 
brought  out  by  it. 

A  number  of  important  papers  were  read  at  this  meeting. 
Among  them  were  one  by  M.  B.  Holt,  on  Electricity  in  Min- 
ing ;  by  H.  O.  Flipper,  on  Mining  Surveys  in  Sonora  ;  by 
W.  H.  Blauvelt,  on  Uses  of  Anthracite  Waste  ;  and  by  Albert 
L.  Colby,  on  Nickel  Steel.  There  were  also  discussions  on 
Concentrating  Iron  Ores  ;  Government  Timber  Tests  ;  Tests 
of  Iron  and  Steel  and  other  subjects. 

During  the  meeting  the  members  visited  a  number  of  mines 
in  the  Lehigh  Region. 


American  International  Association  of  Railroad  Super- 
intendents of  Bridges  &  Buildings. — This  Association  was 
organized  at  a  meeting  held  in  St.  Louis,  September  25,  at 
which  60  persons  were  present  or  represented.  After  a  tem- 
porary organization  a  Committee  on  Constitution  and  By-Laws 
was  adopted,  and  presented  reports,  which  were  accepted.  The 
following  gentlemen  were  elected  officers  :  President,  O.  J. 
Travis  ;  Vice-Presidents,  H.  M.  Hall,  J.  B.  Mitchell,  James 
Stannard  and  G.  W.  Hinman  ;  Secretary,  C.  W.  Gooch  ;  Treas- 
urer, George  M.  Reid  ;  Executive  Committee,  N.  A.  MacGona- 
gle,  W.  R.  Damon,  G.  W.  Markley.  G.  W.  McGehee,  J.  E.  Wal- 
lace, and  G.  W.  Turner. 

After  some  general  discussion,  it  was  decided  to  hold  the  next 
annual  meeting  in  Cincinnati,  on  the  third  Tuesday  in  Octo- 
ber, 1892.  The  following  subjects  were  selected  for  report  and 
discussion  :  l.  Surface  Cattle  Guards.  2.  Frame  and  Pile 
Trestles.  3.  Protection  of  Wooden  Bridges  against  Fire  and 
Decay.  4.  Iron  and  Vitrified  Pipe  for  Culverts.  5.  Water 
Tanks  and  Accessories.  6.  Interlocking  Signals.  7.  Station 
Platforms.     8.   Paints  for  Iron  Structures. 

A  committee  of  three  members  was  appointed  upon  each  of 
these  subjects,  to  report  next  year. 

American  Association  of  Railroad  Clerks. -r-This  Associa- 
tion, which  was  organized  at  Cleveland,  O.,  last  year,  held  its 


second  convention  in  St.  Louis,  September  16-18.  At  the  open- 
ing session  addresses  of  welcome  were  made  ;  and  President 
J.  H.  Hanna  delivered  the  annual  address,  in  which  he  stated 
that  there  were  now  16  local  organizations  attached  to  the  As- 
sociation, with  nearly  1,100  members.  The  Secretary's  rep>ort 
showed  a  prosperous  condition. 

On  the  second  day  a  number  of  amendments  to  the  constitu- 
tion and  by-laws  were  presented  and  referred,  and  the  routine 
business  was  despatched.  In  the  evening  the  visiting  delegates 
enjoyed  a  banquet  at  the  Lindell  Hotel,  given  by  the  local  as- 
sociation. 

On  the  third  day  resolutions  were  adopted  against  strikes, 
and  some  changes  in  the  constitution  were  approved.  The  fol- 
lowing officers  were  elected  for  the  ensuing  year  :  Grand  Presi- 
dent, George  A.  Round,  Boston  ;  First  Grand  Vice-President, 
P.  P.  Walsh,  Cairo,  111.  ;  Second  Grand  Vice-President,  W.  G. 
Staley,  Troy,  N.  Y.  ;  Grand  Secretary,  Frank  L.  Solomon. 
Boston  ;  Grand  Treasurer,  W.  C.  Pearce,  Cleveland,  O.  ;  Grand 
Door-keeper,  J.  R.  Allen.  Cincinnati,  O  ;  Executive  Committee, 
W.  F.  Moore,  W.  J.  Russell,  R.  M.  Conlish,  C.  Manlove, 
N.  M.  Leach  and  George  S.  McGuire  :  Grand  Trustees,  E.  H. 
Bassett,  George  H.  Leonard  and  C.  W.  Eagan. 

Philadelphia  was  selected  as  the  place  for  holding  the  next 
yearly  convention. 

American  Society  of  Civil  Engineers.— At  the  regular 
meeting  in  New  York,  October  7,  the  following  candidates  were 
declared  elected  : 

Members :  Casper  W.  Haines,  Guatemala  :  Charles  F.  B. 
Haskell,  Wenatchee,  Wash.  :  Alfred  A.  Stuart,  Newport.  Ky- 

Associate  Members  :  Frederick  W.  Abbott,  Zumpango,  Mexi- 
co ;  George  E.  Gifford,  Cleveland,  O. 

A  paper  on  Screw  Steamship  and  Tow  Barge  Efficiency  on 
the  Lakes,  by  Joseph  R.  Oldham, was  read.  The  second  paper 
was  by  Captain  O.  M.  Carter,  U.  S.  Engineers,  on  Experiments 
with  Dynamite  on  an  Ocean  Bar.  This  was  discussed  by 
Messrs.  Collingwood,  Brush,  Reed,  North  and  Bogart,  who 
described  work  done  on  the  bars  in  New  York  Harbor  and  else- 
where, Mr.  Collingwood  referring  to  some  successful  work  now 
being  done  with  the  centi ifugal  pump  in  the  removal  and  dredg- 
ing of  sand  bars. 

New  England  Railroad  Club. — At  the  regular  meeting  in 
Boston,  October  14,  the  subject  for  discussion  was  Lighting  of 
Passenger  Cars,  which  was  opened  by  Mr.  F.  D.  Adams,  who 
advocated  the  use  of  oil  lamps,  especially  the  Sherburne  lamp. 
He  was  followed  by  Messrs.  Coghlan,  Lauder,  Dickson,  Old- 
ham, Butler,  Richards,  Chamberlain,  and  others,  the  merits  of 
the  Pintsch  gas  system  and  of  the  oil  lamp  being  presented 
from  dififerent  standpoints.  It  seemed  to  be  generally  ^reed 
that  electric  lights  for  cars  were  still  too  expensive  for  general 
use. 

New  York  Railroad  Club. — The  first  meeting  of  the  season 
was  held  at  the  Club  rooms,  in  New  York,  September  17.  No 
paper  had  been  prepared  for  the  meeting,  but  a  discussion  was 
had  on  the  best  method  of  Setting  Tubes  in  Locomotive  Boil- 
ers. This  subject  was  discussed  by  Messrs.  G.  W.  West, 
W.  H.  Lewis,  Blackall,  Kells  and  others.  The  general  practice 
seemed  to  be  the  use  of  copper  ferules  either  with  or  without 
swaging  the  tubes.  A  number  of  subjects  were  suggested  for 
future  meetings,  and  it  was  understood  that  besides  formal 
papers,  there  would  be  a  discussion  on  one  topic  at  each  meet- 
ing. 

Engineers'  Club  of  Philadelphia. — At  the  regular  meeting, 
June  20.  reports  were  presented  upon  the  International  En- 
gineering Congress  and  the  Incorporation  of  the  Club. 

Mr.  Charles  S.  Churchill  read  a  paper  on  Rail  Joints,  refer- 
ring to  the  defects  in  existing  joints,  and  describing  a  plan  de- 
vised by  himself  for  avoiding  them.  This  paper  was  discussed 
by  Mr.  Trautwine  and  others. 

The  tellers  reported  that  the  following  had  been  elected  Active 
Members  of  the  Club  :  Messrs.  James  McCann,  S.  W.  Putnam, 
Neville  B.  Craig,  D.  W.  Taylor,  John  Overn,  Abraham  Bruner, 
Charles  L.  Prince,  John  V.  W.  Reynders,  Frederick  Bloch, 
O.  M.  Weand,  William  J.  Smith,  Henrj'  Howson,  George 
McCall,  George  L.  Van  Zandt,  W.  W.  Stevens,  Clarence  M. 
DuBois  ;  and  that  Mr.  Albert  Priestman  had  been  elected  an 
Associate  Member  of  the  Club. 


At  the  regular  meeting,  October  3,  a  paper  was  read  by 
Mr.  Trautwine,  compiled  from  data  furnished  by  Captain 
S.  C.  McCorkle  upon  Land-locked  Navigation  from  New  York 
to  Charleston.  A  written  discussion  of  this  paper  by  J.  Foster 
Crowell,  of  New  York,  was  also  read.     The  paper  was  verbally 
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discussed  by  members  present.  Some  resolutions  which  were 
offered,  constituting  a  memorial  to  Congress  in  favor  of  the 
scheme,  were  postponed  until  the  next  meeting. 

A  paper  by  Mr.  Saunders  Morris  on  the  Electrical  Trans- 
mission of  Power  was  read,  and  also  a  letter  from  Mr.  Cole- 
man Sellers  giving  information  with  regard  to  the  transmission 
of  power  from  Lauffen  to  Frankfort. 

Mr.  B.  H.  Coffey  read  a  paper  on  the  Effect  of  Centrifugal 
Force  on  the  Transmitting  Power  of  Driving  Ropes,  giving 
formulas  based  upon  experiment.  These  papers  were  briefly 
discussed. 


Civil  Engineers'  Club  of  Cleveland.— A  regular  meeting 
was  held  on  Tuesday  evening,  September  9,  with  President 
Gobeille  in  the  chair  and  iS  members  present.  The  Secretary 
being  absent,  Mr.  C.  M.  Barber  was  chosen  Secretary /w  tern. 
Mr.  Henry  A.  Barren  and  Perry  L.  Nobbs  were  elected  active 
members. 

It  was  voted  to  have  a  visiting  day,  when  the  members  of  the 
Club  in  a  body  will  visit  the  different  manufacturing  establish- 
ments of  Cleveland  and  engineering  works  in  the  vicinity,  and 
a  permanent  committee  was  appointed  to  designate  the  days 
and  arrange  programmes. 

President  Gobeille  then  read  an  interesting  paper  on  Straw 
and  Corn  on  the  Cob  as  Fuel  for  Domestic  Purposes,  in  which 
it  was  stated  that  it  had  been  found  from  experiments  that  the 
same  quantity  of  heat  could  be  generated  by  the  combustion  of 
straw  or  corn  on  the  cob,  pound  for  pound,  as  could  be  generat- 
ed by  the  combustion  of  any  other  fuel.  One  of  the  principal 
difficulties  in  designing  stoves  for  burning  straw  is  to  provide 
for  the  liquid  products  of  combustion  which  are  comparatively 
large  in  quantity.  Several  drawings  of  different  stoves  designed 
for  burning  straw  were  exhibited,  also  diagrams  showing  tem- 
perature curves  obtained  by  platting  colorimeter  and  pyrometer 
readings  from  experiments  recently  made.  The  difficulties  of 
burning  lignite,  and  the  need  of  stoves  for  burning  this  mate- 
rial, which  abound  in  many  parts  of  the  country  destitute  of 
true  coals,  was  also  discussed.  The  result  of  ten  experiments 
were  platted  against  lines  derived  from  similar  treatment  of 
bituminous  coal. 


Engineering  Association  of  the  South. — The  first  fall 
meeting  was  held  in  Nashville,  Tenn.,  October  9.  The  Nomi- 
nating Committee  submitted  a  list  of  names  for  officers  to  be 
balloted  for  at  the  annual  meeting  in  November. 

The  following  new  members  were  elected  :  Frank  Cowley, 
Benjamin  W.  Robinson,  Earlington,  Ky. ;  Thomas  D.  Kemp, 
Mobile,  Ala. 

Mr.  W.  H.  Ross  read  a  paper  on  Estimation  and  Measure- 
ment of  Earthwork,  comparing  several  methods  now  in  use  and 
showing  their  errors  as  compared  with  the  prismoidal  formula. 
One  of  the  conclusions  was  that  since  earthwork  excavations 
are  usually  bounded  by  a  concave  profile,  the  prismoidal 
formula  gives  results  less  than  the  actual  volume  taken  out. 
The  method  of  "  averaging  and  areas"  was  considered  the 
most  correct.  The  author  presented  some  tables  devised  by 
himself,  and  showed  some  graphical  scales  for  the  same  pur- 
pose, and  to  be  used  in  finding  the  center  of  a  mass  of  excava- 
tion. 


Southern  &  Southwestern  Railroad  Club.— At  the  regular 
meeting  in  Nashville,  Tenn.,  September  24,  there  was  a  discus- 
sion on  Breaking  of  Locomotive  Side  Rods.  A  letter  from  a 
superintendent  of  motive  power  was  read,  and  diagrams  of 
some  curious  breakages  were  shown. 

Mr.  Robert  Walker  read  a  paper  on  Draft  Gear  for  Freight 
Cars,  which  was  discussed  at  some  length. 

The  election  of  officers  for  the  ensuing  year  resulted  as  fol- 
lows :  President.  R.  D".  Wade,  Richmond  &  Danville  ;  First 
Vice-President,  Pulaski  Leeds,  Louisville  »t  Nashville  ;  Second 
Vice-President,  James  Meehan,  Queen  &  Crescent  ;  Treasurer, 
A.  G.  Steinbrenner,  American  Refrigerator  Transit  Company. 
The  Secretary  for  the  past  year,  Mr.  W.  H.  Marshall,  resigned, 
and  it  was  decided  that  the  selection  of  some  one  to  fill  the 
vacancy  should  be  postponed  until  the  November  meeting. 

Atlanta  was  chosen  as  the  next  place  of  meeting,  the  date 
being  November  19. 

The  subjects  for  the  next  meeting  are  Uniformity  in  Reports 
of  Locomotive  Performance,  and  Repair  Work  on  Large 
Roads  ;  whether  it  can  best  be  done  by  concentration  in  large 
shops  or  by  distribution  among  smaller  shops. 

Western  Railroad  Club. —At  the  regular  September  meet- 
ing in  Chicago,  which  was  the  first  meeting  of  the  season,  the 
Secretary  presented  a  report  covering  the  last  year's  work  of 
the  Club.     He  said  that  there  are  now  about  225  members,  and 


that  the  publication  of  the  Club  Proceedings  in  pamphlet  form 
had  resulted  very  satisfactorily. 

The  following  officers  were  elected  for  the  ensuing  year  :  Presi- 
dent, P.  H.  Peck  ;  Vice-Presidents,  W.  H.  Lewis  and  Joseph 
Townsend ;  Secretary,  W.  D.  Crosman  ;  Treasurer,  Allen 
Cooke. 


At  the  regular  meeting  in  Chicago,  October  20,  the  first 
topic  for  discussion  was  Air-Brake  Practice,  continued  from 
the  September  meeting.  Brake  experts  and  representatives  of 
brake  companies  were  invited  to  attend  the  meeting. 

The  second  subject  was  Water  Purification,  on  which  a  paper 
was  read  by  J.  N.  Barr,  of  the  Chicago,  Milwaukee  &  St.  Paul 
Road. 


Northwestern  Track  &  Bridge  Association.— At  the 
regular  meeting  in  St.  Paul,  October  16,  the  report  of  the 
members  who  were  present  at  the  Convention  of  the  Road- 
masters'  Association  was  presented,  and  some  discussion  was 
had  on  that  subject. 

A  paper  was  presented  by  Mr.  Rafferty  on  Proper  Founda- 
tion for  a  Right-Angle  Crossing,  which  was  discussed  by 
members  present.  There  was  also  a  discussion  on  Mr.  Gon- 
agle's  paper  on  Preservation  of  Bridge  Timber,  which  was  read 
at  the  September  meeting. 

Northw^est  Railroad  Club. — At  the  regular  meeting  in  St. 
Paul.  October  20,  the  first  subject  for  discussion  was  Painting 
Rolling  Stock,  on  which  a  paper  was  read  by  Mr.  J.  O.  Pattee. 

Mr.  P.  H.  Conrad  read  a  paper  on  Fuel  and  Economy  in  its 
Use.  Both  papers  were  generally  discussed  by  members 
present. 


Technical  Society  of  the  Pacific  Coast.  —At  the  regular 
meeting  in  San  Francisco,  October  2,  six  new  members  were 
elected. 

Mr.  T.  W.  Morgan  read  a  paper  on  Sewer  Systems  and  the 
Purification  of  Gases  from  Sewers.  He  also  exhibited  models 
of  traps,  showing  charcoal  in  a  channel  through  which  noxious 
gases  are  made  to  pass.  The  paper  and  the  systems  recom- 
mended were  discussed  by  the  Society. 

M.  Manson's  paper  on  the  Cause  of  the  Glacial  Peiiod,  read 
at  the  preceding  meeting,  was  also  discussed. 


NOTES  AND  NEWS. 


Breaking  of  Locomotive  Side  Rods. — At  a  recent  meeting 
of  the  Southern  &  Southwestern  Railroad  Club  a  letter  was 
read  from  the  Superintendent  of  Motive  Power  of  a  road  which 
was  not  named,  describing  some  breakages  of  locomotive  par- 
allel rods.  The  road  in  question  uses  solid-end  rods  of  steel, 
with  oil-cup  forged  on  the  end,  of  the  pattern  shown  in  fig.  i. 
The  steel  used  is  of  good  quality,  as  shown  by  the  fact  that 
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tests  of  specimens  from  broken  rods  showed  an  ultimate 
strength  of  from  70,700  to  73,100  lbs.,  with  an  elongation  of 
23  to  29  per  cent. 

Figs.  2  and  3  show  different  views  of  a  rod  which  was  broken 
in  service,  the  cause  being  the  breaking  of  the  driving  axle 
close  to  the  hub  of  the  wheel.  The  rod  broke  short  off,  but 
was  twisted  into  a  spiral  before  it  broke. 

Fig.  4  shows  another  rod  which  was  twisted  into  the  form 
illustrated,  but  did  not  break.  Still  another  rod  of  the  same 
kind  broke  while  the  engine  was  running,  but  no  cause  could 
be  assigned,  ^nd  tests  showed  the  material  to  be  fully  equal  to 
that  of  the  others.     Open-hearth  steel  is  used  for  all  these  rods. 
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An  English  Express  Locomotive.— The  accompanying 
illustralion,  from  the  Railway  Engineer,  is  a  fair  specimen  of 
the  express  locomotive  as  built  in  England  by  those  engineers 
who  still  adhere  to  the  inside  cylinders— which  most  of  them 


do — and'to^the  singlelldrivers — which"  many^do  not.  •''This^en- 
gine  was  built  by  Neilson  &  Company,  Glasgow,  Scotland,?for 
the  Caledonian  Railway,  and  has  run  loof  miles  in  ro2^  min- 
utes with  a  train  weighing — including  engine  and  tender — 168 
tons. 

The  engine,  as  shown  in  the  cut,  has  a  four-wheeled  truck 
forward,  a  single  pair  of  drivers,  and  a  pair  of  trailing  wheels 
behind  the  fire-box.  The  total  wheel-base  is  21  ft.  i  in.  The 
grate  area  is  17.25  sq.  ft.  and  the  total  heating  surface  1,053 
sq.  ft.  The  boiler  is  of  iron,  the  fire-box  of  copper,  and  the 
tubes  of  brass.      It  is  fitted  with    Adams'  "  vortex"  blast-pipe. 

The  cylinders  are  18  in.  in  diameter  and  26  in.  stroke  ;  the 
driving-wheels  are  7  ft.  in  diameter.  The  frames  are  of  the 
plate  type,  of  steel  and  the  pedestal  jaws  of  cast-iron,  those  for 
the  driving  axle  being  fitted  with  packing  pieces  to  take  up  the 
wear  of  the  axle-boxes.  The  axle-boxes  are  of  gunmetal  lined 
with  white  metal.  The  slide-bars  and  blocks  are  of  cast  iron, 
a.s  are  also  the  eccentric  straps  and  sheaves. 

The  total  weight  of  this  engine  in  working  order  is  92,850 
lbs.,  of  which  only  38,080  lbs.  are  carried  by  the  driver§,  29.680 
lbs.  resting  on  the  truck,  and  25,090  lbs.  on  the  trailing  wheels. 

A  New  Method  of  Cleaning  Sewers. — In  a  recent  num- 
ber of  the  Wochenschrift  of  the  Austrian  Engineers'  Union, 
Herr  Emil  Sokal  describes  a  contrivance  invented  by  him  for 
the  purpose  of  clearing  the  sludge  in  the  Warsaw  sewers,  where 
the  fall  is  too  slight  to  admit  of  its  being  removed  by  the 
ordinary  means  of  flushing.  Recently  some  25  miles  of  new 
drains  have  been  laid  in  Warsaw,  but  out  of  about  900  houses 
in  the  neighborhood  only  250  drain  into  them,  the  remainder 
being  connected  with  the  old  drains  of  the  city,  which  receive 
also  the  rubbish  from  the  houses  and  the  street  sweepings,  and 
occasionally  are  so  blocked  with  deposit  as  to  resist  the  ordinary 
flushing  power,  and  manual  labor  has  to  be  resorted  to. 

The  fall  of  the  new  sewers  is  generally  sufficient  to  keep  the 
bottom  clean  by  flushing  only,  but  there  are  two  or  three  places 
where  the  fall  is  less  than  i  in  1,000.  and  therefore  require 
special  arrangements.  Warsaw  also  had  a  network  of  old  wood 
and  brick  drains  nearly  three  parts  full  of  mud  and  deposit, 
which  led  straight  to  the  river  Vistula  by  the  shortest  cut. 
The  new  main  sewer  runs  parallel  to  that  river,  and  is  frequently 
crossed  by  these  old  drains.  Connections  with  the  new  sewer 
were  made  at  these  crossing  points,  and  this  arrangement  seri- 
ously affected  the  discharge  of  the  new  sewer. 

At  certain  intervals,  dependent  on  the  fall,  flushing-gates  are 
built  in  the  sewer,  and  on  the  whole  this  arrangement  answers 
its  purpose  completely,  but  in  some  places,  as  before  men- 
tioned, deposits  are  met  with  which  resist  the  flushing  power  and 
necessitate  removal  by  hand. 

With  a  view  to  do  away  with  this  manual  labor,  Herr  Sokal, 
in  1889  (after  an  examination  of  the  methods  adopted  under  sim- 
ilar conditions  in  Munich,  Zurich,  Lausanne  and  Berlin),  pre- 
paivd  the  following  simple  contrivance.  A  wooden  templet  or 
mould  fitted  to  the  profile  of  the  sewer,  rests  on  a  batten  \\  in. 
thick,  which  is  pointed  at  the  end  for  the  purpose  of  penetrat- 
ing and  loosening  the  sludge.  The  flushing  sluice  above  the 
portion  of  the  sewer  to  be  cleaned  is  closed,  and  water  allowed 
to  accumulate.     About  6  or  10  ft.  lower  down  the  templet  with 


pointed  scraper  is  set  up  ;  the  sluice  is  now  opened  and  the 
scraper,  which  is  under  the  control  of  a  workman,  moves  on 
and  clears  the  deposit.  If  this  be  very  solid  and  hard,  a  small 
shutter  in  the  templet  is  opened  and  water  sufficient  to  thin  it  is 

admitted,  or  the  scraper  may  be  used 
more  than  once  at  the  desired  spot. 

A  German  Tender  Coupling. — 
The  accompanying  sketch  shows  a 
coupling  between  the  locomotive  and 
tender  which  has  been  adopted  for 
the  fast  passenger  engines  of  the 
Wurtemburg  State  Railroads.  These 
locomotives  are  of  a  new  design,  and 
are  compound  engines  of  the  Von 
Borries  type.  The  illustrations,  which 
are  from  the  Organ  fiir  die  Fort- 
schritte  des  Eisenbahnwesens,  show  in 
fig.  I  a  section,  and  in  fig.  2  a  plan. 
The  coupling  is  designed  to  give 
full  play  irt  all  directions,  at  the 
same  time  making  a  close  and  secure 
connection.  The  link  D  is  held  by 
the  two  studs  E  E,  which  fit  in  the 
brackets  F  F  bolted  to  the  frame  of 
the  tender,  as  shown.  The  forward 
end  of  the  link  Z>  is  a  slotted  yoke, 
in  which  is  placed  the  block  C,  which 
is  held  in  place  by  the  horizontal  pin 
B.  The  coupling-pin  A  passes  through  the  block  C  and  the 
drawhead.  This  drawhead  is  of  cast  iron,  strengthened  by  a 
wrought-iron  plate  riveted  on  the  lower  side  ;  it  is  bolted  to 
the  heavy  iron  plate  which  connects  the  locomotive  frames  at 
the  rear  end. 


This  coupling  has  been  in  use  a  year  without  perceptible 
wear.     The  coupling-pin  A  is  4.33  in.  in  diameter. 

Color-Blindness. — A  railroad  engine-driver,  40  years  of  age, 
was  dismissed  from  his  situation  because  he  was  unable  to 
correctly  distinguish  colors.  Dr.  M.  Reich,  who  examined  the 
man,  and  who  afterward  published  the  results  of  his  examina- 
tions in  a  Russian  paper,  found  sight,  focus,  .^nd  sensation  of 
light  normal,  and  discovered  no  disease  by  the  ophthalmo- 
scope, yet  the  patient  could  distinguish  no  colors  when  of  a 
dark  shade,  and  only  yellow  and  blue  when  of  a  light  shade. 
With  the  help  of  a  red  glass  he  could  distini  uish  the  figures  on 
Tables  II,  III.  VII.  and  VIII  (Slilling).  The  patient  as- 
sured Dr.  Reich  that  he  had  been  able  to  distinguish  colors  cor- 
rectly and  with  confidence  up  to  the  summer  of  18S9.  He  said 
that  through  over-exertion  and  insufficiency  of  sleep  he  had  then 
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suffered  from  violent  headache  for  two  weeks,  and  that  after- 
ward he  saw  everything  as  if  it  were  red.  The  latter  symptom 
had  continued  for  three  months,  after  which  time  he  had  lost  all 
sensation  of  color.  In  the  beginning  of  May,  1890,  he  present- 
ed himself  again,  declaring  that  he  had  perfectly  regained  his 
power  to  distinguish  colors.  A  thorough  examination  com- 
pletely confirmed  the  assurance  given  by  the  patient,  who  was 
consequently  again  fit  for  service.  Dr.  Reich  believes  that 
"  erythropsy"  is  due  to  central  mischief.  The  case  seems  to 
show  that  sensation  of  color  is  perfectly  indepndent  of  the 
physiological  function. — London  Lancet. 

A  German  High-Level  Bridge. — The  accompanying  sketch, 
from  the  Deutsche  Bauzeitung,  shows  a  design  prepared  for  a 
high-level  biidge  over  the  Elbe,  to  connect  the  city  of  Hamburg 
with  the  suburbs  on  the  opposite  side  of  the  river.  Such  a  con- 
nection is  much  needed,  and  surveys  have  been  made  for  a  tun- 
nel under  the  river,  but  with  very  unsatisfactory  results. 

The  total  length  of  the  bridge  and  approaches,  according  to 

1 
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rections  of  a  Committee  of  the  House  of  Commonsfrom  the  1758 
standard.  "  Each  of  these  two  standard  yards  consisted  of  a 
solid  brass  bar  1.05  in.  square  in  section  and  39.73  in.  long. 
Near  each  end  of  the  upper  surface  gold  pins  or  studs  o.i  in. 
in  diameter  were  inserted,  and  points  or  dots  were  marked  upon 
the  gold  to  determine  the  length  of  the  yard."  The  other 
standards  in  the  custody  of  the  Journal  Office  are  two  brass  rods 
answering  the  description  of  the  old  Exchequer  yard,  and  four 
weights  supposed  to  be  certain  of  the  "  copies,  model,  patterns, 
and  multiples"  ordered  by  the  House  on  May  21,  1760,  "  to  be 
locked  up  by  the  clerk  and  kept  by  him."  The  most  important 
weight — the 'standard  troy  pound — is  not  among  those  now 
brought  to  light. 

Tunnel  Timbering. — From  Industry,  of  San  Francisco, 
which  abounds  in  ideas,  we  take  the  following:  "  The  Editor 
of  Industry  has  had  occasion  to  construct  a  tunnel.  Not  for 
gold,  that  being  wholly  unnecessary,  because  of  emoluments 
of  this  Journal,  but  for  water,  which  gold  will  sometimes  not 


{AWWC^VCCV  , 


^^cx\^^^yf■. 


y^i' 


the  plan,  will  be  4,920  ft.  On  the  Hamburg  side  the  approach 
will  be  carried  on  stone  arches  ;  on  the  opposite  side  it  will  be 
a  viaduct  supported  on  stone  piers.  It  is  intended  to  carry  a 
roadway,  two  sidewalks  and  double  line  of  tramway  tracks. 

The  bridge  proper  will  be  a  cantilever  structure  having  a  total 
length  of  2,952  ft.,  divided  as  follows  :  Shore  arms,  787.2  ft. 
each,  1,574.4  ft.  ;  river  arms,  492  ft.  each,  984  ft.  ;  connecting 
span,  393.6  ft.  The  river  span,  consisting  of  the  two  river  arms 
and  the  connecting  span,  will  have  a  clear  opening  of  1,377.6  ft. 
between  the  piers,  and  a  clear  height  of  147.6  ft.  above  high 
water.  The  trusses  will  have  a  total  depth  of  229.6  ft,  at  the 
piers. 

The  building  of  this  great  bridge  is  now  under  consideration  ; 
it  is  in  charge  of  a  commission  appointed  by  the  Senate  of  Ham- 
burg. 

Old  Standards. — By  a  curious  accident  it  has  just  been  dis- 
covered that  the  English  standard  yard  and  other  measures  and 
weights  which  were  supposed  to  have  been  lost  when  the  Houses 
of  Parliament  were  destroyed  by  fire  in  1S34  are  still  in  exist- 
ence. The  following  account  of  the  matter  is  condensed  from 
a  statem'*nt  in  the  London  Times.  A  reference  to  the  contem- 
porary records  shows  that  after  the  fire  the  standard  bars  of 
1758  and  1760  were  both  found  among  the  ruins,  "  but  they  were 
too  much  injured  to  indicate  the  measure  of  a  yard  which  had 
been  marked  upon  them."y  The  principal  injury  to  both  of  the 
standards  was  the  loss  of /the  left-hand  gold  stud,  but  whether 
this  was  caused  by  the  a(uion  of  the  flames  or  otherwise  is  not 
known.     When  the  Palac^  of  Westminster  was  rebuilt  the  two 

Journal  OflSce,  and  from  that  time, 
?em  to  have  been  wholly  lost  sight 
it  happened  to  be  stated  in  the  lobby 
the  Speaker  was  to  inspect  once  in 
every  20  years  the  standards  immured  in  the  sill  of  the  Lower 
Waiting  Hall.  Inquiries  at  the  Standards  Department  of  the 
Board  of  Trade  elicited  the  fact  that,  so  far  from  any  statutory 
requirement  being  imposed  upon  the  Speaker  in  the  direction 
indicated,  Section  35  of  the  Weights  and  Measures  Act,  1878, 
which  provides  for  the  care  and  restoration  of  the  Parliamentary 
copies  of  the  Imperial  standards,  specially  exempts  the  wailed- 
up  copy  from  periodical  inspection  and  comparison.  It  was 
found,  however,  that  in  1871  Speaker  Denison  took  cognizance 
of  the  standards  ;  and  this  fact  was  brought  to  the  Speaker's 
notice.  While  inquiries  were  being  made  as  to  Speaker  Deni- 
son's  inspection,  an  official  in  the  Journal  Office  mentioned  that 
when  the  contents  of  that  office  were  recently  being  transferred 
to  the  new  wing  he  had  observed  among  the  lumber  some  old 
weights  and  measures.  These  proved  to  be  the  missing  stand- 
ards. On  Tuesday  last  they  were  examined  by  Mr.  Chaney, 
the  Superintendent  of  Weights  and  Measures  ;  and  on  Wednes- 
day the  Speaker  was  to  visit  the  Journal  Office  for  the  purpose 
of  inspecting  them. 

"  The  most  important  of  the  standards  thus  rescued  from 
oblivion  are  the  yard  measures  constructed  by  Bird  in  1758  and 
1760.  The  former  was  copied  from  a  bar  in  the  possession  of  the 
Royal  Society,  which  was  itself  a  copy  of  a  standard  preserved 
in  the  Tower  :  and  the  second  was  constructed  under  the  di- 
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produce.  This  tunnel  is  timbered  as  in  the  diagram.  Whether 
new  or  old  is  not  known,  but  it  certainly  differs  from  common 
practice.  The  side  timbers  A  are  3  X  12  in.;  the  cap  .^  also 
3X12  in.  The  fool  timber  ^  is  2  X  12  in.,  and  the  two  strut 
pieces  C  and  Z>  are  i  X  12  in.,  all  of  redwood,  cut  to  lengths 
at  the  mills  and  delivered  ready  for  setting. 

"  The  timbering  consists,  when  complete,  of  a  series  of 
frames  12  in.  deep,  the  top  being  4  in.  thick  and  the  sides  and 
bottom  3  in.  thick.  One  peculiarity  is  that  one  of  these  frames 
is  set  as  soon  as  the  heading  is  advanced  one  foot.  One  man 
can  set  the  timbers,  which  is  performed  as  follows  :  A  sewer, 
F,  is  first  laid  down,  then  the  base  piece  E  is  set  and  leveled, 
the  abutting  piece  D  Being  first  nailed  on.  Then  the  uprights 
or  sides  are  set,  and  the  cap  B  put  in  place.  There  has  been 
no  caving  and  no  difficulty  of  any  kind  this  far. 

"  Another,  and  the  main  peculiarity  is,  that  the  material 
removed  before  timbering  is  much  less  than  when  frames  and 
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lagging  are  used— at  least  25  per  cent.  less.  Another  point  is 
that  the  tunnel  is  completely  floored  and  dry,  and  water  col- 
lected is  preserved  from  fouling,  or  standing  in  contact  with 
the  timbers. 

"  The  mouth  of  the  tunnel  was  framed  up  like  a  house  and  a 
shed  for  tools  made  over  it  at  the  start,  the  cutting  beginning 
through  a  door  frame  of  the  size  noted  on  the  sketch.  The 
timbers  are  white-washed  inside  the  tunnel  wherever  dry 
enough  to  admit  of  that  ;  and  as  another  departure  the  floor  is 
swept  out  at  intervals,  and  the  whole  carried  on  in  a  clean, 
orderly  way.  There  is  no  loss,  but,  on  the  contrary,  a  gain  by 
these  methods  over  the  usual  slovenly  way  of  working." 
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omission  supplied  on  notifying  this  office.  The  volume 
covered  by  this  index  includes  the  twelve  numbers  for  the 
year  1891. 

Any  subscribers  who  may  wish  to  have  their  volumes 
for  1891  bound  can  do  so  by  sending  their  files  to  the 
office,  No.  47  Cedar  Street,  New  York,  by  mail  or  express, 
prepaid,  and  remitting  the  sum  of  $1.25.  The  bound 
volume  will  be  returned  to  them,  at  their  expense,  without 
delay. 

Should  the  file  be  incomplete,  the  missing  number  or 
numbers  can  be  supplied  at  25  cents  each.  The  amount 
required  to  pay  for  them  should  be  added  to  the  remit- 
tance for  binding. 

Any  special  style  of  binding  or  any  lettering  desired 
may  be  ordered,  for  which  only  the  actual  extra  cost  over 
the  regular  price  will  be  charged. 


A  PETITION  is  to  be  presented  to  Congress  this  month, 
signed  by  a  large  number  of  ship-owners  and  others  in  all 
the  lake  cities,  asking  for  increased  appropriations  for  the 
purpose  of  maintaining  lights  of  a  permanent  character  on 
the  lakes,  and  a  greater  number  of  lighthouses  seem  to  be 
much  needed,  and  also  an  increase  in  the  number  of  light- 
ships and  beacons.  The  increase  of  commerce  in  the  last 
few  years  has  been  so  large,  and  the  number  of  vessels 
now  employed  and  the  value  of  their  freight  is  so  great 
that  more  attention  to  this  point  is  really  warranted,  and 
it  is  to  be  hoped  that  the  petition  will  be  effectual.  A 
government  survey  and  wrecking  vessel  is  also  much  need- 
ed, and  should  be  provided. 


The  lake  shipping  interests  are  preparing  to  urge  upon 
Congress  a  continuation  of  the  work  to  be  done  upon  the 
channels  at  various  points,  for  the  purpose  of  maintaining 
at  least  21  ft.  depth  of  water  from  Buffalo  to  the  upper  end 


of  Lake  Superior.  The  amount  of  work  to  be  done  to 
form  and  maintain  such  a  channel  is  very  large,  and  it  is 
a  question  whether  the  attempt  will  be  wholly  successful. 
The  lake  shipping  interests  are  very  large,  but  if  more 
attention  were  paid  to  the  designing  of  ships  to  carry  a 
heavy  load  on  a  small  draft,  the  21 -ft.  channel  might  be 
unnecessary. 


The  monument  at  Bordentown,  which  is  elsewhere  de- 
scribed, is  worthy  of  imitation,  not  only  because  it  is  in 
itself  very  simple,  tasteful  and  appropriate,  but  also  be- 
cause such  memorials  should  be  increased  in  number.  It 
is  an  excellent  practice  to  preserve  the  memory  of  his- 
torical events  by  monuments,  and  the  railroad  history  is 
fully  as  important  in  its  way  as  the  political  and  warlike 
history  of  the  nation.  Much  credit  is  due  to  Mr.  Watkins 
for  suggesting  the  Bordentown  monument,  and  to  the 
officers  of  the  Pennsylvania  Railroad  Company  for  the  way 
in  which  the  suggestion  has  been  carried  out. 


The  death  of  Mr.  Moncure  Robinson  at  the  advanced 
age  of  90  years  removes  the  last  of  the  older  generation 
of  engineers.  Mr.  Robinson  was  a  contemporary  of  Ben- 
jamin H.  Latrobe,  John  Stevens,  William  Cook,  Ashbel 
Welch  and  the  other  engineers  who  laid  the  foundations 
of  our  railroad  system  and  gave  form  and  direction  to  its 
development.  He  was  one  of  the  few  who  foresaw  the 
future  of  the  railroad,  for  he  was  an  early  advocate  of  it 
in  preference  to  the  canal  ;  and  it  is  said  that  when  he 
located  the  Philadelphia  &  Reading  Railroad,  his  col- 
leagues were  confounded  by  the  extent  of  the  provision  he 
thought  necessary  for  terminals. 

Mr.  Robinson  retired  from  the  active  work  of  his  pro- 
fession so  long  ago  that  he  was  little  known  to  the  present 
generation  of  engineers  ;  but  he  was  often  called  in  con- 
sultation, and  was  noted  for  his  kindness  to  younger  men 
and  his  willingness  to  give  advice. 


The  lake  which  was  formed  during  the  present  year  at 
Salton  in  the  Colorado  Desert  by  water  overflowing  from 
the  Colorado  River  is  now,  it  appears,  gradually  decreas- 
ing in  size  by  evaporation,  and  it  is  said  that  the  current 
of  water  which  fed  it  and  caused  its  formation  has  been 
cut  off.  In  that  case  it  will  be  only  a  short  time  before  it 
disappears,  on  account  of  the  extremely  rapid  evaporation 
prevailing  in  that  part  of  country. 


The  supply  of  copies  of  the  Railroad  and  Engineer- 
ing Journal  for  June,  1888,  is  entirely  exhausted.  As  we 
need  a  few,  any  subscriber  who  may  have  a  copy  of  that 
date,  and  who  does  not  preserve  his  files,  will  confer  a  favor 
upon  the  Journal  by  sending  it  to  the  office.  For  any 
copy  of  that  issue  sent  in,  the  sender  will  receive  a  credit 
of  two  months  on  his  current  subscription. 


ENGLISH  AND  AMERICAN  LOCOMOTIVES. 


II. 
LOADS   hauled. 

In  our  article  on  this  subject  published  last  month, 
brief  reference  was  made  to  the  consumption  of  coal 
by  British  and  by  American  engines.  Of  course,  in 
any  comparison  of  fuel  consumption  account  should  be 
taken  of  the  loads  hauled.  Unfortunately  only  a  few 
of   our   American    railroad   companies — and,   so   far    as 
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Taiilb  V.     Showing  thk  Avkrage   Numkrr  ok  Passengrr   and   Frp.ight  Cars   Haulko,  their  Weight,  and  Fuel  Consimed    pkr   Mile,  and  fkk 

Ton  phk  Mii.k. 


Name  of  Roao. 


Chesapeake  and   Ohio 

Chicat;o  and  Allon 

Cincinnati  Southern 

Cleveland,  Cincinnati^  Chicago  and  St.  Louis. 

Illinois  Central ;.*,;..vt»  ■'" 

Louisville  and  Nashville 

Michigan  Central     

New  York,  Lake  Erie  and  Western 

New  York,  Pennsylvania  and  Ohio 

Pennsylvania  (Philadelphia  to  Pittsburgh)   .. 
(Lines  West  of            "           )... 
Philadelphia  and  Erie 


Passencek  Tkains. 


Av.  No.  of 

Cars  per 

Train. 


No. 

4-52 
5.20 

4  3 
4-5 

4  •4') 
5H 
5-5 
4-9 

5  « 
4  95 
5-33 
5.84 


Averages* . 


4. Si 


Weiglit  of 
Train,  ex- 
clusive of 
Engine  aiul 
Tender. 


'Lbs.  of  Coal 
Lbs.  of  Coar   Consumed 
Consumed  ;  p^^  Ton  of 
per  Mile. 


Freight  Trains. 


I  Weight  of 
Average     j   Train,  ex- 
No.  of  Cars     elusive  of 
per  Train.      Engine  and 
Tender. 


No. 

1S.9 
ao  31 
33.8 

31.4 

15.56 
13.11 
32.0 

31.8 

19.1 

24-37 
av87 
33.66 


Tons  of 
3240  lbs. 

472-'! 
508.0 
570.0 

535-0 

384  o 

327-7 
800  o 

545.0 

477  5 

6cy.35 

596.75 
816.5 


8 

L)>s.  of  Coal 

Consumed 

per   Engine, 

JMile. 


lbs. 

137.4 

96.1 

98.0 

106.7 

108.4 

9.?-3 
128.0 
123.4 
117.9 
136.0 
100.3 
1538 


22.14 


553-5 


H5.7 


Lbs.  of  Coal 

Consumed 

per  Ton  of 

Cars. 


lbs. 

.348 
.189 
.172 

.197 
.282 

.^84 
.  iCm) 
.224 

-2«7 
.22^ 
.168 
.188 


.315 


*  These  are  the  averages  ot  the  averages  of  each  road. 

we  know,  none  of  the  British  lines — publish  any  statis- 
tics which  show  what  their  train  loads  are.  Table  II, 
published  last  month,  shows  that  some  of  the  companies 
whose  reports  have  been  tabulated  therein  do  report  the 
average  number  of  cars,  of  both  passenger  and  freight 
trains,  and  the  average  consumption  of  coal  per  mile  tor 
both.  These  figures  have,  for  convenience  of  comparison, 
been  condensed  in  Table  \',  in  whici  the  name  of  the 
road  is  given  in  the  first  column,  and  the  average  num- 
ber of  passenger  and  freight  cars  per  train  in  the  second 
and  si.xih,  and  the  pounds  of  coal  consumed  per  engine 
mile  for  each  class  of  trains  in  the  fourth  and  eighth. 

To  determine  the  weight  of  the  average  train,  all  that 
can  be  done  will  be  to  make  an  approximation  ;  but  this 
may  be  sufficiently  close  to  the  actual  weight,  so  that  the 
difference  will  not  be  sufficient  to  affect  materially  the 
deductions  therefrom. 

The  average  passenger  tram,  it  may  be  assumed,  con- 
sists of  a  baggage,  a  mail,  or  an  express  car,  whose  weight 
loaded  will  be  about  60,000  lbs,;  a  dining,  drawing-room, 
or  sleeping  car,  whose  loaded  weight  will  be  about  80,000 
lbs.,  and  the  balance  of  the  train  will  consist  of  ordinary 
passenger  cars  or  coaches,  whose  weight  with  the  pas- 
sengers will  be  about  54,000  lbs.  each.  If,  then,  it  is  as- 
sumed that  each  train  consists  of  one  baggage  car,  one 
sleeper,  and  the  rest  ordinary  passenger  cars,  the  approxi- 
mation to  the  actual  weight  will  be  sullkiently  near  10 
enable  us  to  draw  deductions  therelrom.  The  weight  of 
the  average  passenger  trains,  contained  in  Table  V,  has 
been  calculated  in  this  way,  and  is  given  in  tons  ot  2,240 
lbs.  in  the  third  column.  By  dividing  this  weight  into  the 
pounds  of  coal  consumed  per  mile  shows  the  quantity  of 
coal  consumed  per  ton  of  cars  per  mile.  This  is  given  in 
column  5.  From  this  it  will  be  seen  that  the  average  con- 
sumption of  coal  for  passenger  train  is  almost  exactly 
one-half  a  pound  per  ton  per  mile. 

In  the  sixth  column  of  the  table  the  average  number  of 
freight  cars  per  train  for  the  different  roads  is  given.  It 
may  be  said  that  this  number  is  reduced  to  loaded  cars, 
two  empties  being  generally  rated  as  one  loaded,  or  in 
some  cases  tive  empties  are  rated  as  three  loads.  To  de- 
termine th^  weight  of  these  cars,  we  must  again  resort  to 


a  process  of  deduction.  We  have  before  us  the  report  of 
some  experiments  made  on  the  Illinois  Central  Railroad 
in  1889,  which  gives  the  weights  of  empty  cars  as  follows  : 

100  Box  cars. 
71  Coal    •• 
5  Refrigerator  cars. 

5  Flat  or  platform  cars. 

1  Fruit  car. 

6  Tank  cars. 
5  Caboose 

5  Passenger 

2  Stock 

45  Class  unknown       " 

Total  245 

of  which  the  aggregate  weight  was  5,767,895  lbs.,  or  an 
average  of  23,542  lbs.  each.  These  cars  composed  the 
average  trains  of  the  traffic  on  the  road  named.  To  con- 
firm this,  the  following  weights  are  given  of  different 
classes  ot  freight  cars  on  the  Pennsylvania  Railroad 

Box  car 20.300  lbs. 

••      "   24.900 

"      •• 27.800 

"      "    29,600 

Flat  or  platform  cars 19.900 

22,100 

Gondola  **    

Hopper  gondola     "    


Drop  bottom 


23,100 

20,700 

■ 23,200 

"    26,400 

"    29,300 

gondola  cars 18,500 


Stock  or  cattle 

Dead  hog 

Refrigerator 

Charcoal 


19,000 
26,200 
27,200 
38.300 
28,600 


Total 425, 100 

Average 25,006 

It  is  probable  that  the  cars  of  the  Pennsylvania  road  are 
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somewhat  heavier  than  the  average  through  the  country. 
Besides,  the  proportion  of  the  lighter  cars,  such  as  flat  or 
platform  and  cattle  cars,  in  ordinary  trains  is  greater  than 
of  the  heavier  class,  like  refrigerator  and  heavy  box  cars. 
For  this  reason  we  will  take  the  average  weight  of  the 
cars  on  the  Illinois  Central  trains,  and  assume  that  an 
average  loaded  freight  car  weighs  23,000  lbs. 

In  the  report  referred  to  the  weight  of  the  loads  of  214 
cars  is  also  given,  and  amounts  to  7,927,819  lbs.,  or  an 
average  of  37,046  lbs.  In  the  last  annual  report  of  the 
Pennsylvania  Railroad  Company  the  average  car  load  for 
the  year  is  given  at  16.79  ^o"*  (of  2.000  lbs.)  =  33.580 
lbs.  Therefore,  if  we  assume  the  average  car  load  to  be 
equal  to  33,000  lbs.,  we  are  quite  certain  that  the  assump- 
tion is  not  higher  than  the  actual  weight.  By  adding  this 
average  load  to  the  weight  of  the  empty  car  =  23,000  lbs. 
gives  us  56,000  lbs.  =  25  tons  of  2,240  lbs.  as  the  average 
weight  of  loaded  freight  cars,  which  is  surely  a  very  close 
approximation  to  the  actual  weight  under  the  ordinary 
conditions  of  traffic  in  this  country.  With  these  figures, 
the  weight  of  the  average  freight  trains  given  in  Table  V 
has  been  calculated,  and  will  be  found  in  column  7. 
Dividing  this  into  the  pounds  of  coal  consumed  per  freight 
engine  mile,  gives,  as  in  the  case  of  passenger  trains,  the 
coal  consumed  per  ton  of  cars  per  mile.  The  average  for 
the  twelve  roads  given  in  the  table  is  .215  lbs.  per  ton  per 
mile. 

Owing  to  the  fact  that  the  weight  of  trains  on  British 
roads  is  not  reported,  or  even  recorded,  it  is  impossible  to 
make  any  comparisons  of  the  relative  fuel  consumption 
per  ton  per  mile  in  the  two  countries  from  the  figures 
given  in  our  tables.  In  the  one  relating  to  English  loco- 
motives, published  last  month,  it  will  be  seen  that  the 
fuel  consumption  is  not  even  given  separately  for  pas- 
senger and  freight  trains,  and,  so  far  as  we  know,  no  data 
are  obtainable  concerning  the  average  weights  of  either 
class  of  trains. 

In  a  recent  English  book  on  the  railway  rates  question,* 
the  author,  who  seems  to  be  thoroughly  familiar  with  the 
subject,  in  referring  to  the  low  rates  at  which  freight  is 
carried  in  this  country,  says  :  "  No  accurate  comparison 
with  these  figures  is  possible  in  the  case  of  the  English 
railways,  because  the  necessary  statistics  are  not  in  exist- 
ence. We  know  that  in  round  figures  300,000,000  tons 
were  carried  at  a  cost  of  £40,000,000  steiling— at  an  aver- 
age cost,  that  is.  of  2s.  8^.  per  ton.  Supposing  the 
average  distance  traveled  to  have  been  20  miles,  this 
would  be  roughly  equivalent  to  i^tf.  per  ton  mile  ;  or. 
supposing  the  distance  to  have  been  32  miles,  it  would  be 
equivalent  to  one  penny.  Probably  the  truth  is  that  the 
distance  was  nearer  the  shorter  than  the  longer  figure. 
JfTt/e  say  that  English  traffic  paid  on  an  average  \\d. 
per  ton  per  mile,  our  guess  ivill  probably  be  as  near  the 
truth  as  it  is  possible  to  go.  The  50  or  60  per  cent,  re- 
duction which  the  American  railways  have  achieved  is 
therefore,  without  doubt,  a  feat  of  which  they  have  every 
right  to  be  proud." 

Taking  Mr.  Ackworth's  guess— and  it  is  that  of  a  man 
apparently  thoroughly  acquainted  with  the  subject — as  rep- 
resenting the  nearest  approximation  possible  to  the  aver- 
age British  rates,  and  then  taking  the  average  traffic 
receipts  for  goods  trains  per  mile,  contained  in  Table  I, 
and  dividing  the  one  by  the  other,  and  we  have  an  average 

*  "The  Railways  and  the  Traders  ;  or.  Sketch  of  the  Railway  Rates  Ques- 
tion in  Theory  and  Practice,"  by  W.  M.  Ackworih. 


train  load  of  only  56.6  tons.  If  the  weight  of  the  "  wag- 
ons" is  equal  to  the  paying  load,  the  total  weight  of  train 
would  be  1 13.2  tons  ;  if  the  dead  weight  of  cais  is  twice 
the  load,  the  total  weight  of  train  would  be  169.8,  or,  say, 
170  tons. 

This  latter  weight  is  less  than  a  third  as  much  as  the 
average  weight  of  freight  trains  on  the  twelve  American 
roads  given  in  Table  V.  Of  course  it  is  impossible  to 
draw  any  quantitative  conclusion  from  such  imperfect  data, 
but  they  indicate  veiy  distinctly  why  the  consumption  of 
fuel  by  American  freight  engines  per  strain  mile  is  greater 
than  that  of  the  same  class  of  English  locomotives. 

Happily  The  Engineer  has  given  us  some  more  specific 
data  concerning  the  performance  of  English  freight  en- 
gines. In  its  issue  of  November  7,  of  last  year,  a  tabular 
statement  was  published  in  which  the  performance  of  new 
goods  engines  was  reported  on  different  gradients  on  the 
North  British  Railway,  between  Glasgow  and  Carlisle  in 
the  winter  of  1876-77.  The  trial  was  carried  out  by  Mr. 
Drummond,  then  the  locomotive  superintendent  of  that 
line,  in  order  to  test  the  relative  merits  of  the  injector  and 
the  feed-pumps  as  boiler  feeders.  Table  VI  is  a  reprint 
of  The  Engineer's  report  of  this  test.  It  will  be  seen  that 
in  the  tenth  column  of  this  table  the  fuel  consumption  is 
reduced  to  the  quantity  burned  per  mile  per  ton  of  train 
or  cars.  The  average  for  the  16  trials  was  .272  lbs.  per 
ton  per  mile.  This,  it  will  be  observed,  was  during  a 
trial,  to  which  special  attention  is  always  attracted,  and 
therefore  better  results  are  attained  than  in  ordinary  prac- 
tice. On  the  other  hand,  the  figures  given  in  Table  V 
are  the  results  of  a  whole  year's  working  on  12  different 
roads  in  this  country.  It  will  be  seen  that  the  average 
consumption  with  freight  trains  on  the  12  American  roads 
was  only  .215  lbs.  per  ton  of  train  per  mile,  whereas  on 
the  North  British  road  it  was  .272,  a  performance  which 
the  Editor  of  The  Engineer  seems  to  think  represents  at 
least  good,  if  not  the  best  performance  of  an  English 
freight  engine. 

We  are  able,  however,  to  compare  this  test  on  the 
North  British  road  with  a  similar  one  on  the  New  York 
Central  road,  which  was  made  last  year  under  the  super- 
vision of  Mr.  Buchanan,  the  Superintendent  of  Machinery 
of  that  line.  As  the  weight  of  the  trains  is  given  in  the 
report  of  the  North  British  tests,  and  also  in  that  of  Mr. 
Buchanan's  experiments,  ■  it  is  possible  to  compare  the 
consumption  of  fuel  per  ton  mile  on  each  road. 

The  trial  on  the  Neiv  York  Central  road  consisted  of 
nine  round  trips  between  Buffalo  and  Dewitt,  a  distance 
of  150  miles,  so  that  the  whole  distance  run  during  the 
tests  was  2,700  miles.  The  engine  was  of  the  mogul  type 
and  weighed  in  working  order  120,000  lbs.  =  53.5  tons  (of 
2,240  lbs.).  The  weight  on  driving-wheels  was  104,500 
lbs.  =  46.6  tons.  The  driving-wheels  were  64  in.  in  diam- 
eter, the  cylinders  19  x  26  in.  The  average  speed  of  trains 
was  15.8  miles  per  hour.  The  steepest  grade  eastward 
was  34  ft.  per  mile  ;  westward  it  was  42  ft.  In  order  to 
compare  the  New  York  Central  trials  with  those  on  the 
Scotch  road,  under  as  nearly  the  same  conditions  as  pos- 
sible, we  have  selected,  for  comparison,  from  the  latter 
the  six  runs  which  were  made  **  up  ruling  gradients  of 
I  in  100  "  =  52,8  ft.  per  mile,  and  "  up  and  down  ruling 
gradients  of  i  in  900"  =  5.8  per  mile,  and  have  tabulated 
the  average  results  of  these  and  the  New  York  Central 
trials  in  Table  VII. 

The  average  train  load  in  the  New  York  Central  test  (col- 
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Tablk  VL     North  British  Railway.    Performance  of  New  Goods  Engines  on  Diffkrent  Gradients  iietween  Glasgow  and  Carlislb. 

Winter  of  1876-77. 

Engine  No.  281,  pumps,  exhaust  cocks  under  foot-plate,  feed-water  supplied  to  boiler  at  average  temperature  of  127°.  Consumption  of  coal  from  monthly 
sheets. 

Engin«  No.  305,  pumps,  exhaust-cocks  under  cylinders,  feed-water  supplied  to  boiler  at  average  temperature  of  107!^.     Coal  specially  measured. 

Engine  No.  392,  injectors,  consumption  of  coal  specially  measured. 

All  three  engines  are  of  the  same  class,  18  in.  X  26  in.  cylinders,  and  5-ft.  wheel-cylinder  power  140.4;  adhesive  weight,  39^  tons.  No.  381  evaporates 
8.95  lbs.  of  water  per  lb.  of  coal ;  No.  305  evaporates  8.24  lbs.;  and  No.  292  evaporates  8.21  lbs. 
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Up  ruling  Gradients  of  i  in  70. 
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356.0 
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Lbs. 
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Lis. 
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10.97 
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Up  and  down   ruling  Gradients 
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305 
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18.96 
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3>40 
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275-5 
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368.0 

34«  8 
278.0 

.   30-50 
31.18 
35.60 

0.100 
0.113 

0.13I 

0.083 
0.091 
0.09a 

Averages  of  about  1,000  miles,  with  each  engine  running 
similar  goods  trains  between  Glasgow  and  Carlisle,  via 
Waverley  route. 

18.40 
19.80 
20.50 

8.78 
8.33 
8.88 

267.0 
244.6 
230.6 

3330 
3H-0 
297.0 

49.50 
56-39 
5336 

0.185 
0.930 
0.231 

0.149 
0.182 
0.180 

General  Averacr^s . 

24  ■'•4 



64-56 

0.274 

° 

*  Number  of  wagons — loaded,  30.95  ;  empty,  5.40  ;  total,  36.35  ;  equivalent  number  of  loaded  wagons,  34-55- 
t  Number  of  wagons— loaded,  26.66  ;  empty,  9.53  ;  total,  36.19  ;  equivalent  number  of  loaded  wagons,  33  02. 
X  Assisted  by  pilot.  %  Without  pilot. 


umn  6)  was  1,212  tons,  in  the  North  British  233.3.  The 
weight  of  train  hauled  in  the  former  test  was  22.6  times 
the  weight  of  the  engine  ;  in  the  latter  it  was  only  six 
times.  The  total  weight  of  the  English  engine  was  not 
given,  but  it  is  said  that  the  adhesive  weight  was  39^  tons. 
As  the  ordinary  type  of  goods  locomotive  on  British  roads 
is  a  six-wheeled  engine,  all  the  wheels  being  drivers  and 
all  coupled,  it  is  inferred  that  this  was  the  type  of  engine 
used,  and  that  the  adhesive  weight  was  also  the  total 
weight. 

The  distances  run,  the  average  speed  while  in  motion, 
the  ruling  grade,  the  average  number  of  cars  hauled  and 
their  aggregate  weight,  the  total  weight  of  engines  and 
weight  on  driving-wheels  are  given.  The  proportion  of 
the  weight  of  locomotive  (o  that  of  the  cars  hauled  has 
been  calculated,  the  pounds  of  coal  consumed  per  mile 
run,  and  per  ton  per  mile  are  all  given.  The  coal  con- 
sumed per  mile  (column  10)  by  the  North  British  engine 
was  59.3  lbs.,  while  Mr.  Buchanan's  machine  burned  127.7 
lbs.,  or  more  than  twice  as  much  as  the  other.  But  if  we 
compare  the  amount  of  fuel  burned  per  ton  of  train  per 
mile  (column  11),  the  proportions  are  reversed,  as  the 
Scotch  engine  burned  .254.  lbs.,  while  the  American  con- 
sumed only  .105  lbs.  per  ton  per  mile.  Comment  is  un- 
necessary. 

It  may  be  said,  however,  and  very  properly,  too,  that  in 
railway  traffic  there  are  always  two  kinds  of  trains  :  one, 
the  loads  of  which  are  limited  by  the  number  of  passen- 


gers or  freight  to  be  carried,  and  another,  the  weight  of 
which  is  limited  only  by  the  capacity  of  the  engine.  Thus 
on  coal  roads,  and  on  most  of  our  through  lines,  there  is 
an  unlimited  amount  of  freight  to  be  transported,  whereas 
on  lines  doing  a  local  freight  or  passenger  business  the 
number  of  people  and  the  tonnage  to  be  carried  does  not 
exceed  a  certain  number  or  amount.  The  cost  of  the  former 
traffic  should  be  estimated  at  its  cost  per  ton  per  mile, 
the  latter  in  terms  of  the  cost  per  train  mile.  We  will 
take  up  the  total  cost  of  motive  power  per  ton  of  train  first. 
To  do  this  the  subject  of 

REPAIRS 

must  be  considered.  During  the  discussion,  of  which  this 
article  is  a  part,  the  Editor  of  The  Engineer  has  com- 
plained that  he  has  invariably  failed  to  obtain  any  trust- 
worthy information  concerning  the  cost  of  repairs  in  the 
United  States.  We  have,  therefore,  been  at  considerable 
pains  to  collect  information  with  reference  to  this  point, 
which  is  given  in  Table  II,  published  last  month.  It 
will  be  seen  from  column  1 1  of  that  table  that  the  aver- 
age cost  of  repairs  on  the  41  roads  included  in  the 
table  was  4.25  cents  per  mile  run.  The  average  cost 
on  the  British  roads,  included  in  Table  I,  was  5.3  cents. 
The  difference  appears  the  more  remarkable  when  the 
fact  that  our  engines  haul  much  heavier  trains  is  takeo 
into  consideration,  and  that  the  cost  of  labor  and  mate- 
rial are  both  higher  here  than  it  is  in  England,   Scot- 


Vol.  LXV,  No.  12.] 


ENGINEERING    JOURNAL. 


533 


Table  Vn.    Showing  thb 

Comparative  Results  of  Tests  of  Freight  Locomotives 

ON  THE  North  British  and  the 

New  York  Central  Railroads. 

Name  of  Road.' 

2 

B 
3 

8 

B 
M 

5 

3 

c 
0 

*•» 
0 

IS 

» 

"S 

V 

a 

V 

? 

V 

> 

< 

4 

V 

•0 

« 

u 

0 

be 

_B 

"3 

Pi 

5 

_c 

"a 

k. 

H 
_c 

« 

u 

V 

•0 

0 

0 

(1 

.a 

E 

3 

^: 

V 
M 

2 

V 

> 

< 

Weight  of  Cars  in  Train,  with  their  Loads.          os 

Total  Weight  of  Locomotive.                      ^ 

8 

u 

> 

s 
E 
0 

<~ 
0 

•r. 
1 

it 

c 

"> 
'C 

B 
0 

1 

0   0                                  Proportion  of  Weight  of  Locomotive  to  Weight  of    i, 
.S   *                                                                      Train. 

10 

«  . 

B* 

3 

a: 

u 

V 

a 
•0 

V 

E 

3 

(T. 

E 

c3 

S 
u 

0 
•n 

3 

Lbs.  of  Coal  Consumed  per  Ton  of  Train  (Ex- 
clusive of  Engine  and  Tender)  per  Mile.            " 

13 

h 

u 
V 

0. 
m 

s 

w 
u 

a 

•0 
« 

E 

= 

c 

0 

«M 
0 
«> 

_3 
<• 

> 

13 

S. 

V 

B 

■5 

C 

U 
e 
C 

'm 

s- 

Vm 

s 

u 

Cost  of  Oil,  Waste,  and  Supplies  per  Mile.          Z 

Wages  of  Enginemen,  Firemen,  and  Cost  of 

Cleaning  and  Attendance  per  Mile.                ^ 

Total  Cost  of  Locomotive  Service  per  Engine  Mile.    5, 

Total  Cost  of  Locomotive  Service  per  Ton  of  Train 
(Exclusive  of  Engine  and  Tender)  per  mile.        ** 

18 

1 

u 

s. 

B 
V 

e 

BQ 

•0 

B 

m 

1 

•0 

B 

0 

Total  Cost  of  Locomotive  and  Train  Service  per 

Mile.                                         •« 

Cost  of  Locomotive  and  Train  Service  per  Ton  of 
Train  (Bxclusive  of  Engine  and  Tender)  per  mile.    * 

North  British 

New  York  Central... 

Miles. 

3,ooo 
2,700 

Miles 

per 

Hour. 

20.4 
15.8 

Feet  per 
Mile. 

6  and  52 
34  and  43 

No. 
48.67 

Tons 

0 

2,240 

lbs. 

233 -3 
1212.0. 

Tons 

of 

2,240 

lbs. 

39-5 

53-57 

Tons 

of 
3,240 

lbs. 

39-5 
46.65  ^ 

Lbs. 

50-33 
127.70 

Lbs. 

.254 
.105 

Cts. 

S-93 
12.77 

Cu. 

3-06 
3.61 

Cts. 

•33 

Cts. 

8.64 
6.25 

Cu. 

17-63 
31.96 

Cts. 

.075 
.018 

Cu. 

4.8 
6.2 

Cts. 

32.43 
38.16 

Cu. 

.096 
.023 

land,  and  Ireland.  More  than  a  year  ago  our  adversary 
took  occasion  to  remark,  that  '*  it  is  very  difficult  to  under- 
stand how,  seeing  that  labor  and  materials  are  all  more 
expensive  on  the  other  side  of  the  Atlantic  than  here,  the 
work  of  repair  can  be  done  for  less  money."  We  can't 
explain  why  our  cotemporary  has  difficulty  in  understand- 
ing the  undoubted  fact,  which  is  shown  by  the  figures  in 
our  table,  but  it  is  a  fact,  nevertheless,  and  it  is  due  to  the 
better  designs  of  our  engines,  which  have  been  made  or 
evolved  more  with  reference  to  facility  of  repair  than 
English  locomotive  designs  have  been.  We  hoped  to  be 
able  to  show  wherein  our  plans  and  methods  of  construc- 
tion are  better  than  those  of  our  cousins,  and  the  reasons 
for  the  diminished  cost  of  repairs,  by  comparing  the  draw- 
ings of  the  different  parts  of  a  typical  English  "and  Ameri- 
can locomotive  ;  but  our  cotemporary  declined  to  accede 
to  our  proposition  to  publish  complete  engravings  of  one  of 
their  engines,  on  condition  that  we  should  publish  similar 
engravings  of  one  of  our  locomotives. 

It  does  not  seem  necessary  to  emphasize  the  advantages 
which  American  locomotives  have  from  their  greater 
facility  of  repair.  As  a  consequence  in  great  part  of  this 
their  average  mileage  is  nearly  50  per  cent,  greater  than 
that  of  English  engines,  while  at  the  same  time  the  cost  of 
repairs  here  per  mile  run  is  1.05  cents  less  than  that  of 
the  latter. 

If  the  cost  of  repairs  on  the  American  roads  enumerated 
in  Table  II  had  been  as  great  as  it  is  on  British  lines,  the 
total  extra  cost  would  have  been  nearly  _^ve  and  a  half 
millions  of  dollars.  Our  table  includes  less  than  half  the 
locomotives  and  mileage  of  the  country,  so  that  if  all  our 
roads  were  equipped  with  English  engines  it  would  in- 
volve an  extra  annual  expenditure  in  this  country  of  over 
$10,000,000.  Nor  is  this  all.  As  our  engines  are  hauling 
heavier  trains  than  English  engines  are,  if  the  cost  of  re- 
pairs of  American  engines  was  estimated  in  proportion  to 
the  work  done,  it  would  be  relatively  still  less  than  that  of 
British  engines,  and  the  increased  cost  if  the  latter  were 
used  would  be  much  greater  than  the  above  enormous 
sum. 

Next  month  we  will  give  some  data  and  make  some 


comparisons  of  the  total  cost  of  locomotive  service  in  this 
country  and  in  England. 

(TO  BE  CONTINUED.) 


THE  RECENT  ARMOR  TESTS. 


Since  our  last  issue  a  noteworthy  trial  of  armor  plate 
has  been  going  on  at  the  Naval  Ordnance  Proving  Ground 
at  Indian  Head,  Md. — noteworthy  not  only  on  account  of 
the  results  obtained,  but  also  from  the  fact  that  it  is  the 
first  trial,  under  modern  conditions,  of  American-made 
armor,  and  that  it  will  determine  for  some  time  to  come 
the  character  of  the  plate  to  be  supplied  to  our  new  navy. 

It  will  be  remembered  that  at  the  Annapolis  trial  of  last 
September  between  an  English  compound  and  the  French 
steel  plates,  the  victory  of  the  nickel-steel  seemed  so  pro- 
nounced that  a  large  appropriation  was  secured  from  Con- 
gress for  the  purchase  of  this  metal.  But  it  was  felt  that 
no  hasty  decision  should  be  made,  and  that  a  single  trial 
was  hardly  sufficient  to  determine  just  how  far  the  pres- 
ence of  nickel  improved  the  resisting  power  of  a  steel  plate. 

In  the  tests  under  consideration  three  questions  are  to 
be  settled  :  i.  Whether  or  not  the  plates  should  contain 
nickel  ;  2.  Whether  they  should  be  of  moderately  high  or 
of  mild  steel,  and  3.  Whether  face-hardened  or  homo- 
geneous throughout.  The  first  trial  was  had  on  October 
31,  the  competing  firms  being  the  Bethlehem  Iron  Com- 
pany and  Carnegie,  Phipps  &  Company,  of  Pittsburgh. 
Three  plates  were  submitted  for  test :  by  the  former  firm, 
one  of  low  carbon,  all  steel,  face-hardened  by  the  Harvey 
process,  and  a  second  of  untreated  high  carbon  nickel- 
steel  ;  the  Pittsburgh  firm  came  forward  with  an  untreated 
low-carbon  nickel  steel  plate.  It  should  be  stated  that  the 
Bethlehem  plates  are  hammered  ;  those  from  Pittsburg  are 
rolled.  Generally  speaking,  the  low-carbon  plate  contains 
from  0.20  to  0.25  of  I  per  cent,  of  carbon  ;  the  high  car- 
bon from  0.30  to  0.40  of  I  per  cent. 

The  plates  were  all  of  the  uniform  size  of  6  ft.  X  8 
ft.  X  to>^  in.,  backed  by  3  ft.  of  oak,  thoroughly  braced, 
and  supported  by  a  bank  of  well-rammed  earth,  and 
mounted  upon  the  arc  of  a  circle  30  ft.  from  the  muzzle  of 
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the  gun.  The  test  was  to  be  four  6-in.  shot  delivered  at 
the  four  corners  of  a  square  2  ft.  from  the  edge,  and  an 
8-in.  shot  in  the  center  of  the  plate.  The  6-in  projectiles 
were  loo-lb.  armor-piercing  Holtzer  shell  fired  from  the 
new  40-caliber  rifle,  with  a  muzzle  velocity  of  2.075  foot- 
seconds,  the  charge  being  42  lbs.  brown  powder.  The 
8-in.  projectiles  were  210-lb.  armor-piercing  Firminy  shell, 
having  a  velocity  of  1,850  foot-seconds,  the  charge  being 
74^  lbs.  of  brown  powder. 

After  the  four  rounds  per  plate  from  the  6-in.  gun 
neither  of  the  nickel-steel  plates  showed  a  crack,  while 
the  all-steel  had  developed  several  very  serious  fissures. 
The  final  8-in.  shot  started  cracks  in  both  the  nickel  plates 
— in  the  high-carbon  rather  more  than  in  the  low-carbon 
plates — while  the  all-steel  plate  was  in  a  very  demoralized 
condition,  and  may  be  said  to  have  been  put  out  of  the 


Fig.  2. 


fight.  Of  the  two  nickel  plates,  the  high  carbon  Bethle- 
hem had  thrown  back  every  one  of  the  five  projectiles,  the 
penetrations  being  from  9  to  i6>^  in.  The  low-carbon 
Pittsburgh  plate  had  admitted  of  a  penetration  almost 
double  that  of  its  rival,  four  out  of  the  five  projectiles 
being  so  deeply  imbedded  in  the  metal  that  they,  in  all 
probability,  would  have  burst  in-board  had  they  been 
loaded,  the  penetrations  being  from  \s}4  to  2g}4  in. 

The  second  trial  took  place  on  November  15.  The  plates 
submitted  were  a  high-carbon  untreated  and  a  low-carbon 
Harvey-treated  nickel-steel  from  Carnegie,  Phipps  &  Com- 
pany, and  a  high-carbon,  Harvey-treated  nickel-steel  from 
the  Bethlehem  Works.  The  conditions  were  practically 
the  same  as  on  the  previous  trial,  except  that  with  the  8-in. 
gun  Carpenter  projectiles  were  used  against  the  two  Car- 
negie plates,  and  an  English  Firminy  against  the  Bethle- 
hem plate — an  undoubted  advantage  to  the  former.  The 
Carnegie  high-carbon  untreated  plate  threw  back  the  five 
projectiles,  but  admitted  penetrations  of  from  9^^  in.  to  12  j^ 
in.  Cracking  began  at  the  end  of  the  fourth  shot  on  this 
plate,  which  the  last  round  increased  to  a  dangerous  de- 
gree. The  low-carbon  Harvey-treated  plate  of  this  firm 
behaved  in  much  the  same  manner  as  its  low-carbon  plate 
at  the  previous  trial,  only  its  ability  to  resist  penetration 
had  been  increased  in  a  marked  degree,  accompanied, 
however,  by  a  greater  disposition  to  crack.  The  penetra- 
tions were  from  93^  in.  to  20^^^^  in.  Three  projectiles  re- 
mained imbedded  in  the  plate.  The  last  shot  cracked  this 
plate  badly  in  both  directions  from  the  center.  The  Beth- 
lehem high-carbon  hardened  nickel-plate  was,  at  the  end 
of  the  fourth  round,  practically  uninjured.  On  the  left  side 
of  the  plate  the  projectiles  had  penetrated  about  12  in. 
and  rebounded  ;  on  the  right  side  what  appeared  to  be 
blotches  upon  the  surface  proved  to  be,  on  closer  inspec- 
tion, the  points  of  the  projectiles  broken  off  and  welded  to 
the  metal  of  the  plate.  The  last  shot  started  cracks  from 
the  center  through  the  upper  and  lower  left-hand  holes  to 
the  edge  of  the  plate. 

The  accompanying  illustration   is  a  photograph  of  two 


pieces  of  the  Bethlehem  high-carbon  plate  ;  fig.  i  shows 
the  natural  appearance  of  the  steel,  and  fig.  2  is  from  the 
point  of  impact  of  the  8-in.  shell.  The  difference  is  inter- 
esting. 

The  lack  of  uniformity  in  the  tempering  process  was 
shown  very  markedly  not  only  in  the  case  of  the  last  plate 
mentioned,  but  to  a  greater  or  less  degree  with  all  of  the 
plates  tested,  and  upon  both  days.  Some  means  for  secur- 
ing a  uniform  degree  of  hardness  over  the  whole  surface 
of  the  plate  will  undoubtedly  be  devised. 

This  first  showing  in  the  manufacture  of  armor-plate 
was.  for  both  the  competing  firms,  a  most  creditable  one  ; 
and  it  is  doubtful  if,  taking  into  consideration  the  quality  of 
the  projectiles  and  the  high  velocities  employed,  equally 
good  results  have  ever  before  been  attained  in  the  fabrica- 
tion of  armor. 


Fig.  I. 


Two  more  plates  remain  to  be  tested  ;  but  whether  the 
rival  firms  will  be  content  to  rest  their  case  upon  the  tests 
already  had,  or  proceed  to  further  trial,  is  unknown.  In 
either  case,  it  seems  safe  to  predict  that  the  decision  of  the 
Board  will  lie  between  the  high-carbon,  nickel-steel  face- 
hardened  plate  of  the  Bethlehem  firm,  or  the  low-carbon 
nickel  similarly  treated  plate  of  its  Pittsburgh  rival,  with 
the  chances  in  favor  of  the  former  as  the  matter  now 
stands. 


CAR  COUPLERS. 


At  a  meeting  of  Railroad  Commissioners  of  the  differ- 
ent .States,  held  March  3  last,  a  committee  was  appointed 
to  secure  action  by  Congress  lookmg  to  uniformity  in 
safety  appliances  lor  railroad  cars.  This  Committee  gave 
a  public  hearing  to  the  representatives  of  different  railroad 
companies  and  organizations  of  railroad  employes  in  the 
rooms  of  the  Chamber  of  Commerce,  in  New  York,  on 
November  10.  A  report  of  this  hearing  will  be  found  on 
another  page. 

In  sending  out  the  call  for  the  meeting,  Mr.  Moseley, 
the  Secretary  of  the  Committee,  stated  "  that  as  6,000  rail- 
road employ«?s  were  killed  and  26,000  injured  for  the  year 
ending  June  30,  1889,  and  that  the  number  is  constantly 
increasing,  therefore  the  importance  of  the  subject  is  mani- 
fest not  only  to  those  directly  concerned  in  railway  opera- 
tions, but  to  those  who  are  interested  in  the  cause  of 
humanity."  The  appalling  amount  of  pain  and  suffering 
which  is  indicated  so  faintly  by  the  above  figures  would 
justify  the  use  of  much  stronger  language  than  that  em- 
ployed by  the  Secretary,  who  has  done  so  much  for  the 
cause  for  which  the  meeting  was  held.  To  ignore  the  duty 
which  is  imposed  on  every  railroad  manager  and  every 
person  who  can  exert  any  influence  in  lessening  this  awful 
amount  of  suffering  is  to  incur  a  fearful  responsibility. 
The  members  of  the  Committee  who  had  charge  of  this 
meeting  seemed  to  feel  this  responsibility  ;  nevertheless, 
after  a  full  hearing  of  all  the  parties  who  desired  to  be 
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heard,  the  Committee  separated  without  reaching  any 
conclusion,  but  with  a  more  profound  impression  of  the 
great  difficulties  with  which  the  whole  subject  is  surround- 
ed than  they  had  before  the  meeting  was  held.  Those 
who  gave  their  opinions  and  experience  at  the  meeting 
also  went  away  with  the  same  impression. 

The  problem  may  be  stated  thus  :  The  loss  of  life  and 
limb  being  as  indicated  by  the  statistics  quoted,  how  can 
it  be  diminished  most,  either  by  congressional  legislation 
or  otherwise  ?  To  this  question  no  answer  was  given  at 
the  hearing. 

All  who  attended  the  meeting  were,  however,  agreed 
that  one  great  cause  of  accidents  in  coupling  cars  was  the 
want  of  uniformity  in  coupling  appliances.  The  diversity, 
instead  of  being  diminished  by  the  action  of  the  Master 

Car-Builders'  and  the  American  Railroad  Association  in 
adopting  the  vertical  plane  type  of  coupler,  has  been  in- 
creased.    The  introduction  of  this  new  type  has  not  only 
increased  the  diversity  in  the  species  but  in  the  genus  of 
couplers,  which  makes  the  danger  much  greater  than  a 
diversity  of  species  does.     Not  only  has  the  adoption  of 
the  Master   Car   Builders'   type   resulted  in   introducing 
a  new  genus,  but  it  has  led  to  the  evolution  of  many  new 
species  of  that  genus,  so  that  the  present  danger  to  the 
poor  trainmen  who  must  couple  cars  is  now  greater  than 
ever    before.      The    multiplication   of    the    species  goes 
bravely  on,  and  unless  checked  in  some  way,  the  sacrifice 
of    life   and   limb   promises  to   go  on  at   an   increasing 
ratio.      The    imperative    necessity    for   some   preventive 
measure    therefore    becomes    more    urgent    daily.     The 
action  which  was  contemplated  by  at  least  some  mem- 
bers  of  the   Committee  who  conducted  the  hearing  was 
legislation    by   Congress    making    the    adoption    of    the 
Master  Car  Builders'  type  of  coupler  compulsory  on  all 
railroad  companies.     To  this  there   are,    however,  very 
grave  objections.    It  is  an  American  foible  to  suppose  that 
almost  any  evil  may  be  cured  by  legislation.     It  may  be 
added   that  the   more    ignorant    the    legislators   are,    the 
greater  is  the  number  of  subjects  which  they  want  to  legis- 
late about.    Some  of  the  objections  to  such  legislation 
were  very  clearly  summed  up  by  Thomas  Henry  Farrer, 
the  Permanent  Secretary  to  the  British  Board  of  Trade,  in 
giving  his  evidence,  in  1877,  before  a  royal  commission 
appointed  to  inquire  into  the  causes  of  accidents  on  rail- 
roads.    He  then  said  : 

General  interference  witli  the  administration  of  railroads  is 
objectionable  on  the  following  grounds  : 

(a)  By  such  interference  you  are  setting  two  people  to  do  the 
work  of  one.  Double  management  is  notoriously  inefficient. 
One  bad  general  is  better  than  two  good  ones. 

{b)  You  set  those  who  have  less  experience  of  management 
and  less  personal  interest  in  the  result  to  control  those  who 
have  more. 

(f)  Control  is  either  apt  to  become  formal  and  a  sham,  or  if 
zealously  and  honestly  exercised,  to  be  rigid,  embarrassing  and 
a  hindrance  to  improvement. 

(</)  Many  excellent  things,  the  adoption  of  which  is  desirable 
for  public  safety — e.g.,  the  block  system,  interlocking  points 
and  signals,  efficient  brakes,  properly  constructed  tires  (car 
couplers  might  have  been  added)  are  not  things  which  can  be 
once  for  all  settled,  defined  and  prescribed,  but  things  of 
gradual  growth,  invention  and  improvement.  Had  any  of  these 
been  prescribed  by  law  at  any  past  time,  they  probably  would 
not  have  been  what  they  are  now  ;  and  were  they  now  pre- 
scribed and  defined  by  law,  future  improvement  would  be 
checked.  This  is  a  most  insidious  form  of  evil,  for  we  do  not 
know  the  good  which  we  thus  prevent.  It  is  no  answer  to  say 
that  Government  control  would  be  intelligent  and  would  en- 
courage improvement.  It  is  not  Government  or  its  officers  who 
invent  or  adopt  inventions,  and  those  who  do  so  are  far  less 
likely  to  improve  when  Government  has  defined  and  prescribed 


a  definite  course,  the  adoption  of  which  frees  them  from   re- 
sponsibility. 

With  reference  to  uniformity  of  car  couplers,  there  is 
also  the  difficulty  that  there  is  no  unanimity  of  opinion 
among  those  who  are  most  interested  in  the  subject.  The 
Master  Car-Builders  and  the  American  Railroad  Asso- 
ciations have  adopted  the  Master  Car-Builders'  type  of 
coupler  ;  but  there  are  still  an  influential  minority  of  rail- 
road officials  who  are  opposed  to  its  use.  The  switchmen 
and  yardmen  appear  to  condemn  it.  Owing  to  its  adop- 
tion by  the  aissociations  referred  to,  it  is  being  applied  in 
a  variety  of  forms  to  large  numbers  of  cars  ;  and  it  is  use- 
less to  disguise  the  fact  that  its  introduction  thus  far  has 
increased  instead  of  lessening  the  danger  of  the  perilous 
occupation  of  coupling  cars.  In  the  present  attitude  of 
the  question  it  is  hopeless  to  expect  to  create  immediate 
unanimity  of  opinion.  This  must  be  the  result  of  evolu- 
tion. It  would  be  promoted  very  much  if  a  brief  report 
was  made  of  each  accident  which  occurs  from  coupling 
cars,  giving  the  date  and  hour  of  the  accident  ;  how  it 
was  caused  ;  the  kind  of  coupler  on  each  of  the  cars  ;  the 
o^vners  of  the  cars  ;  the  height  of  the  draw-bars  ;  their 
defects,  if  any,  and  the  extent  of  the  injuries  to  the  per- 
son who  was  engaged  in  coupling.  These  particulars  are 
intended  only  as  suggestions,  and  are  not  by  any  means 
comprehensive.  Doubtless  others  could  be  added  to  ad- 
vantage. 

Now,  the  legislation  which  is  suggested  is,  that  railroad 
companies  should  be  required  by  Act  of  Congress  to  re- 
port to  the  Inter-State  Commerce  Commission,  or  some 
other  body,  all  these  and  possibly  other  particulars  re- 
garding every  accident  from  coupling  cars  which  disabled 
the  victim,  and  that  full  reports  of  such  accidents  be  pub- 
lished monthly  or  quarterly— that  is,  oftener  than  once  a 
year — so  as  to  have  more  influence  on  railroad  officers 
and  the  public  than  annual  reports  would  have.  Such  re- 
ports would  show  which  are  the  most  dangerous  couplers, 
would  indicate  the  causes  of  accidents,  and  thus  influence 
the  opinions  of  railroad  officers  and  the  public,  and  tend 
to  unanimity.  Data  of  this  kind  would  be  analyzed  by 
the  technical  newspapers,  and  if  it  once  appeared  that  any 
form  of  coupler  was  specially  dangerous,  no  railroad  com- 
pany could  long  continue. its  use  in  the  face  of  adverse 
public  opinion. 

In  an  endeavor  to  bring  about  uniformity  of  couplers, 
the  railroad  associations  have  heretofore  attempted  to 
adopt  some  one  standard.  Such  action  has  thus  far  failed 
in  accomplishing  its  object.  Whether  it  will  ever  succeed 
is  still  an  open  question.  At  any  rate,  there  is  now 
greater  diversity  than  ever  before.  Now  while  there  is 
no  sufficient  ground  for  pronouncing  such  action  a  failure, 
yet  thus  far  it  has  not  accomplished  its  object.  How 
would  it  do.  then,  to  attack  the  problem  from  the  other  or 
negative  side  i*— that  is,  if  we  can't  bring  about  uniform- 
ity, let  us  try  to  lessen  diversity.  Supposing  that  the 
members  of  the  American  Railroad  Association  should 
agree  not  to  use  any  new  pattern  of  coupler  until  it  was 
approved  by  a  committee  of  their  own  body  appointed  for 
the  purpose.  Then  let  them  appoint  a  competent  com- 
mittee to  sit  in  judgment  on  all  new  couplers,  whether  of 
the  link-and-pin  or  vertical  plane  type  which  might  be 
submitted  to  them  for  use  by  members  of  the  Associa- 
tion, Such  a  committee  might  co-operate  with  a  similar 
committee  of  the  Master  Car  Builders'  Association.  Prob- 
ably it  would  be  found  that  investigations,  experiments 
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and  tests  of  couplers  would  require  the  services  of  a  com- 
petent mechanical  man,  who  could  give  as  much  of  his 
time  to  the  work  of  the  committee  as  might  be  required. 
Without  such  assistance  the  work  would  be  sure  to  be 
done  in  a  more  or  less  perfunctory  way,  as  few  or  none 
of  a  committee  could  give  more  than  a  very  limited 
amount  of  time  to  such  duties.  The  person  employed 
would  do  the  real  work  of  the  committee,  but  under  its 
advice,  direction  and  approval  ;  at  the  same  time  the  ac- 
tion of  the  committee  would  be  formulated  by  its  own 
members. 

One  topic  more  :  all  interested — that  is,  railroad  commis- 
sioners, railroad  managers,  car-builders,  yardmen,  switch- 
men and  brakemen— are  unanimously  agreed  that  the 
height  of  draw-bars  of  freight  and  passenger  cars  should 
be  uniform.  The  Master  Car-Builders'  Association  has 
adopted  the  height  of  "  2  ft.  9  in.,  measured  perpendicu- 
larly from  the  tops  of  the  rails  to  the  center  of  the  draw- 
bar when  the  car  is  empty,"  as  the  standard  height  for 
freight  cars.  To  fix  a  maximum  limit — say  2  ft.  11  in. 
and  a  minimum  of  2  ft.  7  in. — and  require  railroad  com- 
panies to  conform  thereto  would  not  be  a  hardship.  At 
present  there  is  no  general  conformance  to  the  iMaster 
Car  Builders'  standard  of  height. 

If  any  compulsory  legislation  is  adopted  by  Congress  look- 
ing to  uniformity  and  to  hasten  the  equipment  of  freight 
cars  with  uniform  automatic  couplers,  its  provisions  should 
for  the  present  be  confined  to  the  adoption  of  the  standard 
height  of  draw-bars,  and  to  a  requirement  to  report  in  de- 
tail the  circumstances  and  causes  of  each  accident,  and 
these  should  then  be  made  public  by  the  authority  to 
which  they  are  reported  every  month  or  every  quarter. 

In  the  mean  while,  the  American  Railroad  Association  has 
also  the  duty  of  at  least  lessening  the  diversity  of  couplers, 
which  is  now  increasing  and  not  diminishing.  Railroad 
companies  argue  against  compulsory  legislation  to  secure 
uniformity  of  safety  appliances  with  bad  grace,  if  at  the 
same  time  they  keep  on  increasing  the  diversity  by  their 
own  action. 


NEW   PUBLICATIONS. 


A  Treatise  on  the  Construction  and  Use  of  Milling  Ma- 
chines AS  Made  by  the  Brown  &  Sharpe  Manufactur- 
ing Company.     The  Brown  &  Sharpe  Manufacturing  Com- 
pany, Providence,  R.   I.  ;  price,  paper,  75  cents,  or  cloth, 
|i.6o. 
This  treatise  is  written  chiefly  for  those  who  are  not  familia- 
with  the  use  of  the  milling  machine,  but  contains  much  matter 
of  interest  to  those  who  are  well  acquainted  with  that  excellent 
tool.     It  has  special  reference  to  the  machine  as  made  by  the 
Brown  &  Sharpe  Company,  but  its  information   is,  of  course, 
applicable  to  any  machines  of  this  class.     It  is  of  considerable 
size,  having  162  pages,  94  illustrations  and  a  number  of  tabUs. 
Among  other  things  it  may  be  mentioned  that  a  new  classifi- 
cation of  cutters  is  given,  and  much  space  is  taken  up  by  the 
consideration  of  the  proper  number  of  teeth  in  cutters,  the  best 
speed  for  mills  and  similar  topics.     Many  milling  operations 
are  fully  described,  and  there  are  chapters  on  Indexing,  Com- 
pound Indexing  and  Cutting  Spirals.     The  illustrations  include 
views  of   a   number  of   different   machines,  different  forms  of 
cutters,  etc.,  and  diagrams  of  changes. 

Mexico.  Bulletin  No.  g  of  the  Bureau  of  the  American 
Republics.  Prepared  by  Arthur  W.  Fergusson.  Issued  by 
the  Bureau  of  the  American  Republics,  Washington. 

This  volume  is  similar  in  design  and  arrangement  to  the  pre- 


vious issues  of  the  Bureau,  and  especially  to  the  book  on 
Brazil,  which  was  recently  noticed  in  the  Journal.  It  contains 
a  condensed  historical  sketch  followed  by  a  general  description 
of  the  country,  its  natural  features,  resources,  products,  etc. 
There  are  chapters  on  public  lands  and  land  laws  ;  immigration 
and  colonization  ;  wages,  cost  of  living  and  conditions  of 
labor  ;  taxation,  tariffs  and  nature  of  government  ;  with  a 
variety  of  other  information.  An  appendix  contains  a  descrip- 
tion of  the  various  railroad  and  steamship  lines  ;  a  directory  of 
the  officers  of  the  General  Government,  and  a  general  mercan- 
tile directory.     There  is  also  an  excellent  map  of  the  country. 

The  work  of  the  Bureau  of  the  American  Republics  appears 
to  be  well  and  carefully  done.  Its  object  has  been  previously 
referred  to,  and  the  publication  of  these  monographs  on  the 
different  countries  of  Central  and  South  America  should  have 
excellent  results. 

Streets  and  Highways   in   Foreign  Countries.      Reports 
from  the  Consuls  of  the   United  States  on  Streets  and  High- 
ways in  their  Several  Districts.     Issued  from  the  Bureau  of 
Statistics,  Department  of  State,  Washington. 
This  volume  contains  a  number  of  reports  sent  in  by  United 
States  Consuls,  in  answer  to  a  circular  from   the  State  Depart- 
ment,  giving  information   as   to  the  condition  of   roads   and 
methods   of   road-making    in    the   countries    where    they    are 
stationed.     In  Europe  there  are  reports  from  Austria,  Belgium, 
Denmark,    France,   Great  Britain,   Germany,    Holland,    Italy, 
Spain,  Switzerland  and  Russia  ;  in  America,  from  Canada,  Mex- 
ico, several  of  the  South  American  States  and  the  West  Indies  ; 
and  there  are  also  reports  from  China,  Australia  and  Egypt. 

Some  of  these  reports  are  excellent,  and  all  of  them  contain 
some  information.  Many  of  them  are  illustrated  by  diagrams 
showing  methods  of  construction  and  other  details.  Particu- 
lars of  the  cost  of  construction  and  maintenance  are  given  in 
most  cases,  and  the  volume  makes  a  serviceable  book  of  lefer- 
ence. 

It  is  of  particular  service  at  the  present  time,  when  so  much 
attention  has  been  called  to  the  improvement  of  roads  in  our 
own  country.  A  comparison  of  methods  will  be  of  service, 
and  the  statements  of  cost  will  be  found  convenient.  The  vol- 
umes issued  by  the  State  Department  contain  much  ^useful 
matter,  and  the  present  one  is  especially  worthy  of  note. 


The  Transit.  No.  i.  1891.  Issued  by  the  Engineering 
Society  of  the  State  University  of  Iowa  ;  Iowa  City,  la. 

This  is  the  first  half-yearly  number  for  1891  of  this  publica- 
tion, which  is  now  in  its  second  year,  and  which  has  been  so 
far  very  creditable  to  the  society  of  students  by  which  it  is 
maintained.  The  present  number  contains  several  excellent 
papers,  two  of  which,  at  least,  will  attract  attention  among 
engineers.  The  first  of  these  is  the  paper  of  Mr.  Alden  H. 
Brown,  on  Testing  Cement  by  a  Microscopic  Method,  which 
calls  attention  to  the  differences  in  structure  or  physical  con- 
dition of  different  cements,  and  to  the  relation  which  exists 
between  this  structure  and  their  strength  and  other  properties. 
It  is  accompanied  by  a  number  of  plates  from  photographs, 
showing  the  appearance  of  different  cements  under  the  micro- 
scope. These  are  very  striking  and  are  well  worth  a  careful 
study  by  engineers  who  have  to  use  cement.  The  suggestions 
made  in  the  paper  are  good,  and  the  whole  matter  is  new  and 
worth  attention. 

The  other  paper  referred  to  is  by  Mr.  E.  A.  Wallberg  on 
Secondary  Strains,  and  is  a  carefully  written  and  well-studied 
account  of  the  graphical  method  of  determining  these  strains 
in  bridge  trusses. 

The  remaining  papers  are  good  and  deserve  more  attention 
than  space  permits  us  to  give  them  here.  The  Engineering 
Society  of  the  Iowa  University  is  apparently  organized  for 
serious  work,  and  deserves  credit  for  the  progress  shown  in 
this  volume. 
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TRADE  CATALOGUES. 


Chain  Blocks.     The   Yale  &*  Towne  Manufactuting  Company, 
Stamford,  Conn. 

This  is  an  illustrated  catalogue  describing  the  various  forms 
of  the  Weston  differential  pulley-block  as  manufactured  by  the 
Yale  &  Towne  Company,  with  the  addition  of  a  report  on  the 
comparative  efficiency  of  different  blocks  by  Professor  Thurs- 
ton. Tables  of  dimensions  required  for  various  loads  and 
other  convenient  data  are  included. 


A  List  of  Ho*izontal  Boring  and  Drilling  Machines.  The 
Nicholson  dr»  Waterman  Manufacturing  Company,  Provi- 
dence, A'.  I. 

This  is  a  very  neat  and  handsomely  illustrated  catalogue  of 
the  boring  and  drilling  machines  built  by  the  company  named. 
It  is  headed  by  the  appropriate  motto  "  Bore  Away,"  and  gives 
a  list  of  a  variety  of  machines  of  this  class. 

Ward's  Patent  Sectional,  Safety,  High-pressure  Boiler  or  Steam 
Generator.  Charles  Ward,  Charleston-Kanawha,  W.  Fa. 
This  is  an  illustrated  circular  describing  the  Ward  tubulous 
boiler,  which  has  been  heretofore  described  in  our  columns 
It  is  accompanied  by  a  reprint,  in  pamphlet  form,  of  the  report 
of  the  Board  of  Engineer  Officers  of  the  Navy  on  the  tests  of 
this  boiler,  and  the  competitive  tests  of  various  coil  and  tubu- 
lous boilers.  It  was  as  a  result  of  theseitests  that  the  Ward 
boiler  was  adopted  for  the  new  coast- defense  ship  Monterey. 


Steam  Pumping  Machinery.  Tlie  Deane  Steam  Pump  Com- 
pany, Holyoke,  Mass.  General  Catalogue  of  Steam  Pumps 
and  Pumping  Machinery. 

The  Norton  Lathe  Chuck  :  Illustrated  Catalogue.  The  E.  Hor- 
ton  &*  Son  Company,  Windsor  Locks,  Conn. 


BOOKS    RECEIVED. 


Professional  Papers  of  the  Corps  of  Royal  Engineers  :  Volume 
XVL  Edited  by  Captain  W.  A.  Gale,  R.E.  The  Royal  En- 
gineers' Institute,  Chatham,  England. 

Reports  of  the  Consuls  of  the  United  States  to  the  Department 
of  State:  No.  131,  August,  1891.  Washington;  Government 
Printing  Office. 

Some  Experiments  to  Determine  the  Strength  of  American  Vitri- 
fied Sewer  Pipe.  By  Professor  Malverd  A.  Howe.  This  is  a 
reprint,  in  pamphlet  form,  of  a  valuable  paper  read  by  Profes- 
sor Howe  before  the  Engineers'  Club  of  St.  Louis. 

Proceedings  of  the  Fourth  Annual  Convention  of  the  Train 
Dispatchers'  Association  of  America  and  of  the  Train  Dispatchers' 
Mutual  Benefit  Association.  This  is  a  very  full  report  of  the 
convention  of  the  Train  Dispatchers'  Association,  which  was 
held  in  Toledo,  O.,  in  June  last.  It  is  issued  in  the  form  of 
a  supplement  to  the  Telegraph  Age. 

Papers  of  the  Institution  of  Civil  Engineers.  London,  Eng- 
land ;  published  by  the  Institution.  The  latest  of  these  papers 
received  include  the  Design  of  Locomotive  Cylinders,  by  J.  H. 
Barker  ;  the  Proposed  Railroad  through  Siberia,  by  W.  M. 
Cuningham  ;  Abstract  of  papers  in  Foreign  Transactions  and 
Periodicals. 

Report  of  the  Sixth  Annual  Meeting  of  the  Illinois  Society  of 
Engineers  ^Surveyors  :  held  at  Springfield,  III.,  January  28-31, 
1891.  Springfield,  111.  ;  published  for  the  Society  ;  price,  50 
cents.  This  volume  contains  a  number  of  papers  read  at  the 
annual  meeting,  with  reports  of  the  discussions. 

Transactions  of  the  American  Institute  of  Mining  Engineers, 
Volume  XIX  :  May,  1890,  to  February ^  1 89 1,  inclusive.  New 
York  :  published  by  the  Institute. 


Catalogue  of  the  Michigan  Alining  School ;  with  Statements 
Concerning  the  Institution  and  its  Courses  of  Instruction.  H  ough- 
ton,  Mich.  ;  published  by  the  School. 

Smooth  Track.  An  Exposition  of  the  Principles  of  Perma- 
nently Smooth  Track,  wherein  is  Shown  the  Feasibility  of  Weld- 
ing the  Rails.  By  Philip  Noonan.  Lynchburg,  Va.  ;  published 
for  the  author. 

Cornell  University  Agricultural  Experiment  Station.  Bulletin 
32.  October,  1891.   Ithaca,  N.  Y.  ;  published  by  the   University. 

Sixth  Annual  Report  of  the  Commissioner  of  Labor,  1 890.  Cost 
of  Production,  Iron,  Steel,  Coal,  etc.  Carroll  D.  Wright,  Com- 
missioner.    Government  Printing  Office,  Washington. 

The  Census  of  Canada  :  Bulletin  No.  2.  The  Department  of 
Agriculture,  Ottawa.  Canada. 


ABOUT  BOOKS  AND  PERIODICALS. 


With  the  number  for  October  31  the  Commercial  and 
Financial  Chronicle,  of  New  York,  issued  a  supplement  of 
184  pages,  giving  a  list  of  State,  county  and  city  debts  through- 
out the  United  States.  This  is,  we  believe,  the  only  com- 
pendium of  the  kind  ever  attempted,  and  its  great  value  to 
bankers  and  investors  is  apparent.  It  gives  in  case  of  each 
State  and  municipality  the  population,  resources  and  debt,  with 
a  brief  statement  showing  rates  of  interest,  dates  of  maturity  of 
bonds  and  similar  matters. 

The  first  article  in  the  Overland  Monthly  for  November  is 
on  Libraries  and  Librarians  of  the  Pacific  Coast.  Other  papers 
are  on  California  Horse  Farms  ;  Administration  of  Law  and 
Practical  Education.  There  are  several  very  entertaining 
stories  and  sketches,  and  also  a  bit  of  political  history  in  the 
article  on  Gwin  and  Seward.  This  magazine  is  always  read- 
able, and  is,  moreover,  valuable  to  all  who  want  to  know  some- 
thing of  the  Pacific  Coast  and  its  doings. 

In  the  Eclectic  Magazine  for  November  perhaps  the  most 
interesting  articles  are  the  second  part  of  Mr.  Murray's  paper 
on  Australia,  from  the  Contemporary  Review,  and  Professor 
Geffcken's  on  Russia,  from  the  New  Review.  Other  articles 
are  given  from  the  National  Review,  the  Westminster  Review, 
the  Saturday  Review,  the  Fortnightly  Review,  Macmillan's,  the 
Cornhill  and  other  English  periodicals. 

The  fire  in  which  its  office  was  destroyed  has  not  injured 
Goldthwaite's  Geographical  Magazine,  for  the  November 
number  is  an  excellent  one.  Among  the  subjects  treated  are 
the  New  Jersey  Geological  Survey  ;  a  New  Plan  for  Reaching 
the  North  Pole  ;  the  Peary  Expedition  to  North  Greenland  ; 
the  Entrance  to  New  York  Harbor  ;  the  Ox-bows  of  the  Mis- 
sissippi, and  the  International  Geological  Congress.  This 
magazine  is  by  no  means  entirely  technical,  nor  is  it  for  teach- 
ers only  ;  nearly  all  its  articles  are  interesting  to  the  general 
reader,  and  many  of  them  contain  valuable  information  not 
likely  to  be  found  elsewhere. 

Among  the  papers  in  the  Popular  Science  Monthly  for 
December  that  will  attract  attention  are  those  by  P.  D.  Ross 
on  Type  Casting  Machines,  and  on  the  rise  of  the  Pottery  In- 
dustry in  the  United  States,  by  Edwin  A.  Barber.  An  extinct 
volcano  in  Connecticut  is  described  by  Professor  W.  M.  Davis, 
and  there  are  several  other  valuable  articles. 

A  new  catalogue  recently  issued  by  Goldthwaite's  Geo- 
graphical Exchange,  No.  113  Nassau  Street,  New  York,  gives 
a  long  list  of  geographical  appliances,  maps,  charts  and  works 
on  geography.  It  would  be  hard  to  find  a  fuller  or  more  com- 
plete list.  The  Exchange  is  now  well  established,  and  a  visit 
will  repay  any  one  desiring  to  see  a  complete  collection. 
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Among  the  books  in  preparation,  by  John  Wiley  &  Sons,  New 
York,  is  Part  3  of  Professor  Mansfield  Merriman's  treatise  on 
Roofs  and  Bridges.  This  part  treats  of  Bridge  Designs 
and  will  soon  be  issued. 

The  December  number  of  Scribner's  Magazine  is  a  holiday 
number  and  is  chieHy  devoted  to  stories  and  sketches.  A  series 
of  articles  on  New  Mexico  is  begun  ;  they  are  handsomely  il- 
lustrated. 

The  Smythe,  Britton  &   Poore  Company,  Salt  Lake  City, 


Heavens.  Among  the  other  contributors  are  David  A,  Wells, 
Professor  Funck-Brentano  and  Dr.  Garland.  This  magazine 
retains  always  its  independent  and  aggressive  character,  and  is 
sure  to  have  something  well  worth  reading. 

A  very  useful  work  is  the  Electrical  Trades  Directory, 
which  is  issued  each  year  by  the  London  Electrician.  The  pub- 
lishers wish  to  make  it  a  complete  list  of  electricians  through- 
out the  world,  and  will  be  much  pleased  to  receive  any  informa- 
tion sent  them.  The  book  is  published  in  January  of  each 
year. 


:. FOUR  WHEELED^  SWITCHING,    LOCOMOTIVE. 
BUILT  BY  THE  PITTSBURGH  LOCOMOTIVE  WORKS. 


Utah,  has  in  press|  Irrigation  Canals  and  Other  Irriga- 
tion Works,  by  P.  J.  Flynn,  C.E.,  which  will  be  the  most 
comprehensive  work  on  this  subject  yet  issued.  Mr.  Flynn  has 
been  a  resident  of  Southern  California  for  a  number  of  years, 
and  is  considered  an  authority  on  this  subject. 

In  the  number  of  Harper's  Weekly  for  October  24  there  is 
a  history  of  the  Street  Car,  accompanied  by  many  illustrations. 
The  number  for  October  31  gives  an  account  of  the  methods 
adopted  in  the  hii^h  buildings  of  Chicago,  with  views  of  several 
of  those  buildings.  In  the  number  for  November  8  there  is  a 
description  of  the  cruiser  Baltimore,  with  illustrations  ;  articles 
on  the  Defenses  of  New  York,  and  on  Coal  and  Guns  in  the 
Navy  ;  a  paper  on  the  Military  Riding  Schools  of  Germany, 
and  a  view  and  description  of  the  new  Pennsylvania  Railroad 
Station  in  Jersey  City. 

In  the  November  number  of  the  Engineering  Magazine 
Mr.  Edward  Atkinson  writes  of  the  lesions  to  be  drawn  from 
the  Park  Place  Disaster.  Other  articles  are  on  the  World's 
Fair  Buildings  ;  the  Perils  of  Coal  Mining  ;  Armored  War- 
ships ;  Chinese  Silver  Mining  ;  the  Manchester  Ship  Canal  ; 
Pumping  Stations  ;  Museum  Building  and  Arrangement  ;  and 
Building  Laws. 

The  last  nunrber  of  the  Proceedings  of  the  United  States 
Naval  Institute  is  given  up  to  the  new  Navy  Instructions  for 
Infantry  and  Artillery,  which  are  here  printed  in  full. 

The  Arena  for  December  has  articles  by  Camille  Flamma- 
rion,  the   French  Astronomer,  on  Recent  Discoveries  in  the 


The  National  Guard  of  Californiajis  the  subject  of  the  mili- 
tary article  in  Outing  or  November.  Other  notable  articles 
are  Mr.  Shinn's  on  Western  Trappers,  Mr,  Page's  on  Fox 
Hunting  in  the  Hudson  Highlands,  and  Walter  Camp's  on 
Football  ;  but   there   are   several  others  which  ought  not  to  be 

passed  over. 

♦> 

A  FOUR-WHEELED  SWITCHING  LOCOMOTIVE. 


The  accompanying  illustration,  from  a  photograph, 
shows  a  switching  engine  recently  built  by  the  Pittsburgh 
Locomotive  Works  for  use  in  the  yards  of  Carnegie, 
Phipps  &  Company,  in  Pittsburgh — a  compact  and  well- 
designed  machine  for  the  purposes  for  which  it  is  intend- 
ed. As  will  be  seen  from  the  engraving,  it  is  a  four-wheel 
engine  of  the  ordinary  type,  witlri  a  saddle  tank  and  with 
the  entire  weight  upon  the  driving-wheels. 

This  engine  has  cylinders  14  in.  in  diameter,  with  22-in. 
stroke  ;  the  driving-wheels  are  43  in.  in  diameter,  and  are 
spaced  6  ft.  apart  between  centers.  With  a  total  wheel 
base  of  only  6  ft.  it  will  be  seen  that  the  engine  will  take 
very  sharp  curves,  and  is  well  adapted  tor  the  service 
usually  found  in  a  yard  of  this  kind,  which  is  rather  trying. 

The  tank,  which  is  carried  over  the  boiler  as  noted,  will 
hold  750  gallons  of  water,  and  the  fuel-box  has  a  capacity 
of  30  cubic  feet.  The  total  weight  of  the  engine  in  work- 
ing order,  with  tank  and  fuel-box  lull,  is  63.000  lbs.,  mak- 
ing a  weight  of  15,750  lbs.  per  wheel. 

This  engine  may  be  compared  in  general  design  with 
the  switching  engine  of  the  Boston  &  Albany  Railroad, 
which  was  illustrated  in  the  November  number  of  the 
Journal.     That  engine  was  somewhat  larger  in  size,  but 
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weighed  very  little  more  than  the  one  now  shown,  as  it 
was  provided  with  a  separate  tender. 


CAR-HEATER  PATENTS. 


To  the  Editor  of  The  Railroad  and  Engineering  Journal : 

The  success  of  the  appliances  of  the  Consolidated  Car- 
Heating  Company  has  been  so  great  that  several  manu- 
facturers of  more  or  less  reputation  have  not  hesitated  to 
pirate  our  inventions.  The  Consolidated  Company  desires 
to  warn  railroad  companies  of  these  infringemenls,  and 
thus  to  acquit  itself  of  the  obligation  to  give  such  notice. 
A  flagrant  violation  of  the  Sewall  coupler  patents  at  the 
present  time  is  especially  noticed,  where  all  the  essential 
features  are  appropriated  or  closely  imitated,  while  the 
unsuccessful  attempt  is  made  to  evade  the  patents  The 
imitation  is  complicated  and  defective. 

Another  conspicuous  instance  is  the  placing  of  steam 
drums  upon  the  cross-over  pipes,  which  violates  the  well- 
protected  invention  of  the  Consolidated  Company. 

This  Company  will  prosecute  all  such  infringers  of  its 
patents  and  all  those  who  use  such  infringements,  while 
assuring  railway  companies  of  its  indisposition  to  trouble 
them  in  such  matters  any  more  than  is  absolutely  neces- 
sary for  proper  self-protection. 

The  Consolidated  Car-Heating  Company, 

By  William  G.  Rice, 

Vice-Presiden  t. 

Albany,  N.  Y.,  October  28,  1891. 


TRIAL  OF  THE  "CINCINNATI." 


The  new  ferry-boat  Cincinnati,  the  launch  of  which 
was  described  in  the  Journal  for  June  last,  is  now  com- 
pleted and  ready  for  service,  and  was  given  a  trial  trip  on 
November  7.  A  number  of  invited  guests  were  there,  in- 
cluding railroad  and  ferry  officers,  steamboat  men  and 
others.  The  boat  made  a  short  trip  down  the  Bay,  run- 
ning up  the  East  River  for  a  short  distance,  and  then  up 
the  Hudson  as  far  as  Yonkers,  and  (he  trip  was  much  en- 
joyed by  the  Company's  guests,  as  was  also  the  very  ex- 
cellent lunch  which  was  served  on  board. 

The  new  ferry-boat,  which  is  intended  for  the  Pennsyl- 
vania Railroad  line  between  New  York  and  Jersey  City, 
differs  from  the  ordinary  type  of  ferry-boat  employed  on 
the  waters  around  New  York  in  two  respects.  Instead  of 
paddle-wheels  she  has  two  screws,  one  at  each  end,  fol- 
lowing, in  this  respect,  the  example  set  in  the  Bergen  of 
the  Hoboken  Ferry.  She  has  also  an  upper  cabin,  which 
is  a  new  departure  begun  by  the  Pennsylvania  Company. 
The  fitting  and  furnishing  of  the  boat  is  very  handsome, 
though  free  from  an  excess  of  decoration. 

The  use  of  the  upper  deck  increases  the  passenger  space 
very  largely  ;  there  was  also  a  special  reason  for  it  in  the 
new  elevated  station  which  the  Company  is  now  building 
in  Jersey  City,  Passengers  will  be  able  to  pass  from  this 
directly  to  the  upper  deck  of  the  ferry-boat,  and  will  not 
have  to  descend  until  they  have  reached  the  New  York 
side  and  crossed  West  Street  on  the  new  bridge  built  by 
the  Company. 

The  upper  cabin  is  one  spacious  saloon,  87  ft.  long  and 
38  ft.  wide,  and  is  on  a  level  with  these  stations.  The 
walls  and  ceilings  are  finished  in  delicate  pink  tints,  re- 
lieved with  aluminum  leaf ;  the  electric  lights  are  placed 
on  silvered  brackets  with  opalescent  shades  around  the 
sides,  with  two  large  iridescent  electroliers  opposite  the 
landing  of  the  stairs.  The  floor  is  handsomely  carpeted. 
The  mahogany  seats  are  fitted  with  bent  wood  seat  arms 
secured  by  silvered  fittings.  This  cabin  has  a  seating 
capacity  for  166  persons.  The  stairs  to  the  lower  cabins 
are  inclosed  with  leaded  glass  partitions  of  handsome  de- 
sign. 

The  two  lower  cabins  are  each  144  ft.  long  and  15  ft. 
wide.  The  adoption  of  the  screw  propeller  gives  an  unob- 
structed view  of  the  entire  cabin,  the  handsome  mahogany 
stairs  being  the  grand  central  feature.  These  cabins  are 
decorated  in  light  pearl-gray  tints,  with  papier-mache  fes- 
toons on  the  frieze,  and  roughened  canvas  panels  relieved 
with  aluminum  leaf,  producing  a  most  harmonious  effect. 


The  floors  are  entirely  covered  with  mosaic  tiling,  and  the 
central  domes  over  the  stairs  leading  to  the  upper  saloon 
are  lighted  by  leaded  glass.  ^         ) 

Mahogany  seats,  similar  in  design  to  those  in  the  upper 
saloon,  afford  a  seating  capacity  for  304  persons.  The 
electric  lights,  which  are  arranged  along  the  sides  of  the 
cabins,  are  of  the  sanie  style  and  finish  as  those  in  the 
upper  saloon,  with  the  exception  of  around  the  stairways, 
where  they  are  in  clusters  ;  the  total  number  of  lights  in 
all  the  cabins  is  112,  making  it  one  of  the  most  brilliantly 
lighted  boats  in  ferry  service. 

All  the  cabins  are  heated  and  ventilated  by  the  Sturte- 
vant  system,  by  which  the  entire  volume  of  air  is  renewed 
every  five  minutes.  The  supply  of  fresh  air  is  drawn  down 
an  air  duct  38  in.  in  diameter  from  above  the  upper  deck, 
passed  through  a  heater,  which  brings  it  up  to  the  desired 
temperature,  and  delivered  into  the  cabins  near  the  ceil- 
ings at  a  pressure  which  forces  the  foul  air  through  ven- 
tilators located  under  the  seats,  which  are  connected  by 
ventilating  ducts  with  registers  opening  into  the  team 
gangway.  The  temperature  is  governed  by  electro-ther- 
mostats which  control  the  valves  that  regulate  the  hot  and 
cold  air  supply  at  the  heater,  thereby  maintaining  a  uni- 
form temperature. 

The  joiner  work  was  built  by  the  firm  of  John  E.  Hoff- 
mire  &  Sons  from  plans  furnished  by  the  architects,  Fur- 
ness.  Evans  &  Company,  of  Philadelphia. 

The  hull  is  of  iron,  and  was  built  by  the  Samuel  L. 
Moore  &  Sons  Company,  at  Elizabethport,  N.  J.  It  has 
five  complete  transverse  and  two  longitudinal  bulkheads 
extending  between  the  collision  bulkheads  at  either  end, 
making  in  all  14  water-tight  compartments.  The  deck 
beams  are  of  iron  and  are  covered  with  iron  plates,  and 
the  housing  around  the  engines  amidships,  which  extends 
above  the  hurricane  deck,  is  also  of  iron,  making  the  boat 
proof  against  any  fire  which  might  originate  around  the 
boiler  or  in  the  hull.  All  the  floors  and  platforms  in  the 
hull  are  of  iron,  no  wood  being  used  below  decks  except 
the  insulating  strips  for  the  electric  light  wires.  The 
principal  dimensions  are  :  Length  over  guards,  206  ft.  ; 
length  of  hull.  200  ft,  ;  beam  over  guards,  65  ft.  ;  beam  of 
hull,  46ft.  ;  depth  from  deck  to  keel,  17  ft.  ;  draft,  lo  ft. 
10  in.  ;  displacement,  890  tons. 

The  boat  has  two  Williamson  steering  engines  of  a  type 
originally  designed  for  this  Company,  and  first  placed  in 
service  on  the  ferry-boat  Chicago  five  years  ago.  These 
engines  are  placed  in  the  hull  almost  directly  under  the 
pilot-house,  which  g^ives  direct  connection  from  the  steer- 
ing wheels  to  the  engine  and  uniform  leads  for  the  tiller 
rope.  There  is  attached  to  the  bell  gear  a  specially  de- 
signed indicator  connected  with  the  engine-room,  which 
shows  the  engineer  from  which  pilot-house  the  signals  are 
being  given.  This  is  arranged  so  that  the  handles  con- 
nected with  the  indicator  have  to  be  raised  before  the  pilot 
can  ring  the  go-ahead  bell,  thus  preventing  any  mistake 
on  his  part.  There  is  also  a  dial  in  front  of  the  pilot, 
showing  the  direction  in  which  the  engines  are  working, 
so  that  he  will  always  know  whether  his  signals  are  being 
answered  promptly. 

The  motive  power  is  furnished  by  two  steeple  compound 
engines,  each  having  cylinders  18  in.  and  36  in.  in  diame- 
ter and  26  in.  stroke.  These  engines  were  designed  and 
constructed  at  the  Pennsylvania  Railroad  shops  in  Ho- 
boken, and  are  fitted  withCanfield's  balanced  piston  valve. 
This  valve  was  described  and  illustrated  in  the  Journal 
for  August  last.  The  valves  are  driven  by  an  adaptation 
of  the  Marshall  radial  gear,  and  on  the  trial  trip  appeared 
to  work  with  great  smoothness  and  precision. 

The  shafts  are  coupled  between  the  two  engines  so  that 
in  case  of  accident  to  either  engine  or  line  of  shafting, 
they  can  be  disconnected  and  used  independently.  The 
shaft  extends  the  entire  length  of  the  boat,  with  sectional 
propeller  wheels  at  each  end  ;  these  wheels  are  8  ft.  9 
in,  diameter  and  13  ft,  6  in,  pitch  and  work  together  in 
either  direction.  At  120  lbs,  steam  pressure  and  106  revo- 
lutions a  minute  these  engines  have  developed  1,016  indi- 
cated H.P.,  giving  a  speed  of  14  miles  per  hour. 

The  condenser  is  detached  from  the  main  engines  and 
has  independent  air  and  circulating  pumps,  A  grease 
extractor  is  [connected  with  the  exhaust  pipes  from  the 
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Among  the  books  fn  preparation,  by  John  Wiley  I'v:  Sons.  New 
York,  is  Part  3  of  Professor  Mansfield  Merriman's  treatise  on 
Roofs  and  Bkidc.es.  This  part  treats  of  Bkhxik  Dksu:ns 
and  will  soon  be  issued. 

The  December  number  of  Sckibnkr's  Maca/ink  is  a  li<ili«iav 
number  and  is  chieHy  devoted  to  stories  and  sketches.  A  series 
ol  articles  on  New  Mexict)  is  l>ei;un  ;  ihev  an-  handsonuly  il- 
lustrated. 

The  Smythe,   Hritton   <S:    I'oore  Company,   Salt   Lake  City, 


Heavens.  Amonj^r  the  other  contributors  are  David  A.  Wells. 
Professor  Funck-FJrentano  and  Dr.  Garland.  This  magazine 
retains  always  its  independent  and  aggressive  character,  and  is 
sure  to  have  something  well  worth  reading. 

A  very  useful  work  is  the  Ei.Ec  trkai.  Trades  Directory, 
which  is  issued  earh  year  by  the  London  Electridan.  The  pub- 
lishers wish  to  make  it  a  complete  list  of  electricians  through- 
out the  world,  and  will  be  much  pleased  to  receive  any  informa- 
tion sent  them.  The  book  is  published  in  January  of  each 
vcar. 
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Utah,  has  in   press]  Ikrh;aiion  Canals  and  Otiikr  Ikrica 
TioN  Works,  by  P.  J.    Flynn.  C.E..  which   will    be   the   most 
comprehensive  work  on  this  subject  yet  issued.     Mr.  Flynn  has 
been  a  resident  of  Southern  California  for  a  number  of  years, 
and  is  considered  an  authority  on  this  subject. 

In  the  number  of  Haki-ek's  Wekki  v  for  October  24  there  is 
a  history  of  the  Street  Car,  accompanied  by  many  illustrations. 
The  number  for  October  31  gives  an  account  of  the  mctho.ls 
adopted  in  the  hi.h  biiildint;:>  of  Chic  igo,  with  views  of  several 
of  those  buildings.  In  the  number  for  November  >  there  is  a 
description  of  the  cruiser  Hiiltimore,  with  illustrations  ;  articles 
on  the  Defenses  of  New  York,  and  on  Coal  iuid  Guns  in  the 
Navy  ;  a  paper  on  the  Military  Riding  Schools  of  Germany, 
and  a  view  and  description  of  the  new  1  Vnnsylvaiiia  Radroat 
Station  in  Jersey  City. 

In  the  November  number  of  the  Knoim.  i- kin(;  Mai  ,A/IM 
Mr.  Edward  Atkinson  writes  of  the  lesions  to  be  drawn  from 
the  Park  Place  Disaster.  Other  articles  are  on  the  World's 
Fair  Buildings  ;  the  Perils  of  Coal  Mining  ;  Armored  War- 
ships ;  Chinese  Silver  Mining  ;  the  Manchester  Ship  Canal  ; 
Pumping  Stations  ;  Museum  Building  and  .•\rrang''m«  nt  ;  ami 
Building  Laws. 

The  last  nurrber  of  the  PKocKKi>iNf:s  of  the  Tnitcd  Stales 
Xaval  Institute  is  given  up  to  the  new  Navy  Instructions  for 
Infantry  and  Artillery,  which  are  here  printed  in  full. 

The  Arena  for  December  has  articles  by  Camille  Flamma 
rion     the    French   Astronomer,   on   Recent  Discoveries  in   the 


The  National  Guard  of  Californiafis  the  subject  of  the  mili- 
tary article  inOfriNc  or  November.  Other  notable  articles 
are  Mr.  Shinn's  on  Wesfrn  Trappers,  Mr.  Page's  on  Fo.x 
Huntmg   in   the    Hudson    Flighlands.   and  Walter  Camp's  on 

,    Football  ;  but  there  are  several  others  which  ought  not  to  be 

I    passf  d  over. 

I 

A  FOUR  WHEELED  SWITCHING  LOCOMOTIVE. 

Thk    accompanying    illustration,   from    a    photograph, 

I   shows  a  switrhing  engine  recently  built  by  the  Pittsburgh 

!    Locomotive    Works   lor   use    in    the    yards   of    Carnegie, 

Phip{)s  i\:  Company,  in   I'htsburgh^a  compact  and  well- 

i   designed  machine  for  the  purposes  for  which  it  is  intend- 

'   ed.      As  will  he  ^een  from  ti.e  engraving,  it  is  a  four-wheel 

engine  of  the  ordinary  type,  with  a  saiidle  tank  and  with 

the  entire  weight  upon  the  driving-wheels. 

This  engine  has  cylinders  14  in.  in  diameter,  with  22-in. 
i   stroke  ;  the  driving-wheels  are  43  in.  in  diameter,  and  are 
1  spaced  (t  ft.  apart  between  centers.     With  a  total  wheel 
!   base  of  only  6  ft.  it  will   be  seen  that  the  engine  will  take 
very   sharp   curves,   and    is   well    adapted   tor  the  service 
usually  found  in  a  yard  of  this  kind,  which  is  rather  trying. " 
The  tank,  which  is  carried  over  the  boiler  as  noted,  will 
hold  750  gallons  of  water,  and  the  fuel-box  has  a  capacity 
of  30  cubic  feet.     The  total  weight  of  the  engine  in  work- 
ing orticr.  with  tank  and  fuel-box  lull,  is  63.000  lbs.,  mak- 
ing a  weight  of  15,750  lbs.  per  wheel. 
i       This  engine  may  he  compared  in  general  design  with 
the  switching  engine  of  the  Boston  <.\    Albany  Railroad, 
•    which    was   illustrated   in   the   November   number  of  the 
1    fouKNxL.     That  engine  was  somewhat  larger  in  size,  but 
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weighed  very  little  more  than  the  one  now  shown,  as  it 
was  provided  with  a  separate  tender. 


CAR-HEATER  PATENTS. 


To  the  Editor  of  The  Railroad  and  Knginccriii>^  lonrnal : 

The  success  of  the  appliances  of  the  Consolirlated  Car- 
Heating  Company  has  been  so  great  that  several  manu- 
facturers of  more  or  less  reputation  have  not  hesitated  to 
pirate  our  inventions.  The  Consolidated  Company  desires 
to  warn  railroad  companies  of  these  infringements,  and 
thus  to  acquit  itself  of  the  obligation  to  give  such  notice. 
A  flagrant  violation  of  the  Sewall  coupler  patents  at  the 
present  time  is  especially  noticed,  where  all  the  essential 
features  are  appropriated  or  closely  imitated,  while  the 
unsuccessful  attempt  is  made  to  evade  the  patentS:  .The 
imitation  is  complicated  and  defective.  ■'  -' 

Another  conspicuous  instance  is  the  placing  of  steam 
drums  upon  the  cross-over  pipes,  which  vio  ates  the  well- 
protected  invention  of  the  Consolidated  Company. 

This  Company  will  prosecute  all  such  infringers  of  its 
patents  and  all  those  who  use  such  infringements,  while 
assuring  railway  companies  of  its  indisposition  to  trouble 
them  in  such  matters  any  more  than  is  absolutely  neces- 
sary for  proper  self-protection. 

The  Consolidated  Car-Heating  Company, 

By  William  G.  Rice, 

Vice-  Preside  n  t. 

Ali'.any,  N.  Y.,  October  28,  1891. 


TRIAL  OF  THE  "CINCINNATI." 

The  new  ferry-boat  Cincinnati,  the  launch  of  which 
was  described  in  the  Journal  for  June  last,  is  now  com- 
pleted and  ready  for  service,  and  was  given  a  trial  trip  on 
Noveiid^er  7.  A  number  of  invited  guests  were  tliere,  in- 
cluding railroad  and  ferry  officers,  steamboat  men  and 
others.  The  boat  made  a  short  trip  down  the  Day,  run- 
ning up  the  East  River  for  a  short  distance,  and  then  uji 
the  Hudson  as  far  as  Yonkers.  and  tlie  trip  was  much  en- 
joyed by  the  Company's  guests,  as  was  also  the  very  ex- 
cellent lunch  which  was  served  on  board. 

The  new  ferry-boat,  which  is  intended  for  the  Pennsyl- 
vania Railroad  line  between  New  ^'ork  and  Jersey  City, 
differs  from  the  ordinary  type  of  ferry-boat  employed  on 
the  waters  around  New  ^'ork  in  two  respects.  Instead  of 
paddle-wheels  she  has  two  screws,  one  at  each  end,  fol- 
lowing, in  this  respect,  the  example  set  in  the  /u'ri^v;;  of 
the  Hoi)oken  Ferry.  She  has  also  an  upper  cabin,  which 
is  a  new  departure  begun  by  the  Pennsylvania  Company. 
The  fitting  and  furnishing  of  the  boat  is  very  handsome, 
though  free  from  an  excess  of  decoration. 

The  use  of  the  upper  deck  increases  the  passenger  space 
very  largely  ;  there  was  also  a  special  reason  for  it  in  the 
new  elevated  station  which  the  Company  is  now  Ixiilding 
in  Jersey  City.  Passengers  will  be  al)le  to  pass  from  this 
directly  to  the  upper  deck  of  the  ferry-boat,  and  w  ill  not 
have  to  descend  until  they  have  reached  the  New  N'ork 
side  and  crossed  West  Street  on  the  new  bridge  built  by 
the  Company. 

The  upper  cabin  is  one  spacious  saloon,  87  ft,  long  and 
38  ft.  wide,  and  is  on  a  level  with  these  stations.  The 
walls  and  ceilings  are  finished  in  delicate  pink  tints,  re- 
lieved with  aluminum  leaf  ;  the  electric  lights  are  placed 
on  silvered  brackets  with  opalescent  shades  around  the 
sides,  with  two  large  iridescent  electroliers  opposite  the 
landing  of  the  stairs.  The  floor  is  handsomely  carpeted. 
The  mahogany  seats  are  fitted  with  bent  wood  seat  arms 
secured  by  silvered  fittings.  This  cabin  his  a  seating 
capacity  for  166  persons.  The  stairs  to  the  lower  cabins 
are  inclosed  with  leaded  glass  partitions  of  handsome  fle- 
sign. 

The  two  lower  cabins  are  each  144.  ft.  long  and  15  ft. 
wide.  The  adoption  of  the  screw  propeller  gives  an  unob- 
structed view  of  the  entire  cabin,  the  handsome  mahogany 
Stairs  being  the  grand  central  feature.  These  cabins  are 
decorated  in  light  pearl-gray  tints,  with  papier-mache  fes- 
toons on  the  frieze,  and  roughened  canvas  panels  relieved 
with  aluminum  leaf,  producing  a  most  harmonious  effect. 


The  Ooors  are  entirely  covered  with  mosaic  tiling,  and  the 
central  domes  over  the  stairs  leading  to  the  upper  saloon 
are  lighted  by  leaded  glass. 

Mahogany  seats,  similar  in  design  to  those  in  the  ujjper 
saloon,  alionl  a  seating  capacity  for  304  persons.  The 
electric  lights,  which  are  arranged  along  the  sides  of  the 
cabins,  are  of  the  sanic  style  and  finish  as  those  in  the 
upper  saloon,  with  the  exccjnion  of  around  the  stairways, 
where  tht-y  are  in  clusters  ;  the  total  number  of  lights  in 
all  the  cabins  is  112,  making  it  one  of  the  most  brilliantly 
lighted  boats  in  ferry  servi<'e. 

All  the  ca!)ins  are  heatecl  and  ventilated  by  the  Sturte- 
vant  system,  by  which  the  entire  volume  of  air  is  renewed 
every  five  niinntes.  The  supply  of  fresh  air  is  drawn  down 
an  air  duct  38  in.  in  diameter  from  above  the  up[)er  deck, 
passed  through  a  heater,  which  brings  it  up  to  tiie  desired 
temperature,  and  <lelivered  into  the  cabins  near  the  ceil- 
ings at  a  pressure  which  forces  the  foul  air  through  ven- 
tilators located  under  the  seats,  which  are  connected  by 
ventilating  ducts  with  registers  opening  into  the  team 
gangway.  The  temjierature  is  governed  by  electro-ther- 
mostats which  control  the  valves  that  regulate  the  hot  and 
cold  air  supply  at  the  heater,  thereby  maintaining  a  uni- 
form temperature. 

The  joiner  work  was  built  by  the  firm  of  John  E.  Hoff- 
mire  v\:  Sons  from  plans  furnished  by  the  architects,  Fur- 
ness.  Evans  X:  Company,  of  Philadelphia. 

The  hull  is  of  iron,  and  was  built  by  the  Samuel  L. 
Moore  ov:  Sons  Company,  at  Elizabethport.  N.  J.  It  has 
rive  complete  transverse  and  two  longitudinal  bulkheads 
extenfling  between  the  collision  bulkheads  at  either  end, 
makint;  m  alt  14  water-tight  compartments.  The  deck 
beams  are  of  iron  and  are  covered  with  iron  plates,  and 
the  housing  .around  the  engines  amidships.  whi(  h  extends 
above  the  hurricane  deck,  is  also  of  iron,  making  the  boat 
proof  against  any  fire  which  iirght  originate  around  the 
boiler  or  in  the  hull.  All  the  fiofirs  an<i  platforms  in  the 
hull  are  of  iron,  no  wood  being  used  below  decks  except 
the  insulating  strips  for  the  electric  light  wires.  The 
principrd  dimensions  are  :  Length  over  guards,  20'')  ft.  ; 
length  of  hull,  200  ft.  ;  beam  over  guards,  65  ft.  ;  beam  of 
hull,  46ft.  ;  depth  from  deck  to  keel,  47  ft.  ;  draft,  10  ft. 
loin.  ;  dis[)lacement,  890  tons. 

The  boat  has  two  Williamson  steering  engines  of  a  type 
originally  ilesrgned  for  this  Company,  and  tirst  placed  in 
service  on  the  ferry-boat  Chica;j^o  five  years  ago.  These 
engines  are  placed  in  the  hull  almost  directly  under  the 
pilot-house,  whirh  gives  direct  connection  from  the  steer- 
ing wheels  to  the  engine  and  uniform  leads  for  the  tiller 
rope.  There  is  attached  to  the  bell  gear  a  specially  de- 
signed indicator  connected  with  the  engine-room,  which 
shows  the  engineer  from  which  pilot-house  the  signals  are 
being  cfiven.  This  is  arrangefl  so  that  the  handles  con- 
nected  with  the  indicator  have  to  be  raised  before  the  pilot 
can  ring  the  go-ahead  bell,  thus  preventing  any  mistake 
on  his  part.  There  is  also  a  dial  in  front  of  the  pilot, 
show'ing  the  direction  in  which  the  engines  are  working, 
so  that  he  will  always  know  whether  his  signals  are  being 
answered  promptly. 

The  motive  powerls  furnished  by  two  steeple  compound 
engines,  each  having  cylinders  rS  in.  and  36  in.  in  diame- 
ter and  26  in.  stroke.  These  engines  were  designed  and 
constructed  at  the  Pennsvlvania  Railroad  shops  in  Ho- 
boken.and  are  fitted  with  Canfield's  balanced  piston  valve. 
This  valve  was  described  and  illustrated  in  the  Journal 
for  August  last.  The  valves  are  driven  by  an  adaptation 
of  the  Marshall  radial  gear,  and  on  the  trial  trip  appeared 
to  work  with  great  smoothness  and  precision.     .<  :■■: 

The  shafts  are  coupled  between  the  two  engines  so  that 
in  case  of  accident  to  either  engine  or  line  of  shafting, 
they  can  be  disconnected  and  used  independently.  The 
shaft  extends  the  entire  length  of  the  boat,  with  sectional 
propeller  wheels  at  each  end  ;  these  wheels  are  8  ft.  9 
in.  diameter  and  13  ft.  6  in.  pitch  and  work  together  in 
either  direction.  At  120  lbs.  steam  pressure  and  106  revo- 
lutions a  minute  these  engines  have  developed  1,016  indi- 
cated H.P..  giving  a  speed  of  14  miles  per  hour. 

The  condenser  is  detached  from  the  main  engines  and 
has  independent  air  and  circuhiting  pumps.  A  grease 
extractor  is  'connected   with  the  exhaust  pipes  from  the 
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various'engines  to  prevent  the  oil  used  in  lubricating  the 
cylinders  passing  with  the  feed  water  into  the  boilers.  In 
a  separate  compartment  adjoining  the  engine-room  are 
situated  the  heating  and  ventilating  apparatus,  an  incan- 
descent electric  light  plant  of  200  lights  capacity  of  16  can- 
dle power  each,  and  also  one  of  the  steam-steering  en- 
gines. In  addition  to  this  large  electric  light  plant  there 
is  one  of  35-light  capacity  in  the  engine-room,  which  is 
connected  by  a  special  circuit  to  all  the  signal  lamps  and 
to  a  number  of  the  cabin  lights  to  be  used  in  case  of  acci- 
dent to  the  larger  plant. 

In  another  compartment  situated  to  the  right  of  the  en- 
gineer as  he  stands  on  the  working  platform  is  the  boiler- 
room,  in  which  are  two  tubular  boilers  built  of  steel  ;  each 
boiler  is  10  ft.  in  diameter,  10  ft.  long,  and  has  49  square 
feet  of  grate  surface  and  1,750  square  feet  of  heating 
surface.  There  is,  in  addition,  a  donkey  boiler  42  in. 
diameter  and  6  ft.  9  in.  in  height  ;  a  circulating  apparatus 
is  fitted  in  connection  with  this  boiler  by  which  a  uniform 
temperature  is  maintained  throughout  the  main  boilers 
while  steam  is  being  raised.  At  the  rear  of  the  boilers  is 
another  compartment  in  which  is  located  the  other  steam- 
steering  engine  and  a  fresh  water  tank. 


THE  BORDENTOWN  MONUMENT. 


An  interesting  ceremony  took  place  at  Bordentown, 
N.  J.,  on  November  12,  when  the  monument  which  the 
Pennsylvania  Railroad  recently  completed  there  to  com- 
memorate the  first  laying  of  track  in  New  Jersey  was  dedi- 
cated. The  first  track  on  the  Camden  &  Amboy  Railroad 
was  laid  near  Bordentown  in  the  summer  of  1831,  and  the 
old  locomotive  yic»^«  Bull,  which  had  been  purchased  for 
the  road  in  England  by  Mr.  John  Stevens,  was  put  upon 
the  track  in  that  ydar.  Two  passenger  cars  were  built,  and 
the  first  passenger  train  over  the  new  track,  which  was 
then  completed  somewhat  less  than  a  mile,  was  run  on 
November  12,  1831,  conveying  the  members  of  the  New 
Jersey  Legislature,  who  had  been  brought  down  from 
Trenton  for  the  purpose  of  convincing  them  that  the  opera- 
tion of  a  railroad  by  steam  was  feasible. 

The  monument  was  thus  dedicated  on  the  60th  anni- 
versary of  the  running  of  the  first  train,  which  seemed  a 
very  fitting  opportunity. 

The  erection  of  such  a  memorial  was  first  suggested  by 
Mr.  J.  Elfreth  Watkins.  who  is  now  Curator  of  the  Trans- 
portation Department  of  the  National  Museum  at  Wash- 
ington, but  was  formerly  employed  on  the  Pennsylvania 
Railroad  as  a  Civil  Engineer.  The  plan  was  cordially  ap- 
proved and  taken  up  by  the  officers  of  the  company,  and 
the  monument  was  erected  under  the  immediate  supervi- 
sion of  Mr.  J.  T.  Richards,  the  Assistant   Chief  Engineer. 

The  monument  itself,  the  general  form  of  which  is  shown 
in  the  accompanying  sketch,  consists  of  a  block  of  rock- 
faced  granite  5  ft.  square  and  6  ft.  in  height.  On  the  face 
of  this  block,  which  is  toward  the  track,  is  a  bronze  plate, 
on  which  is  a  representation  of  the  first  train,  with  an  ap- 
jropriate  inscription,  which  is  given  below  : 


First  movement  by  stbam  oh  a  railroad  IN  THE  State  of  New 

JekSBV,    NoVKMBEK    12,    183I,    8Y    THE     ORIGINAL    LOCOMOTIVE     "  JoHN 

bl'll,"  now  deposited  in  the  united  states  national  musf.um  at 
Washington.     The  first  pikch  of  railroad  track  in  Nkw  Jkksey 

WAS  LAID  BV  THE  CamDEN  &  AmBOY  RaILROAD  COMPANY  BETWEEN 
THIS  POINT  AND  THE  STONE  THREE  THOUSAND  FIVE  HUNDRED  FEET  EAST- 
WARD IN  183I. 


It  may  be  mentioned  here  that  this  first  track  was  made 
of  T  rails  of  the  form  devised  by  Mr.  John  Stevens,  and 
i 


rolled  for  him  in  England,  containing  the  germ  of  the  form 
of  rail  which  is  now  universally  used  in  this  country,  and 
that  these  rails  were  laid  upon  blocks  of  stone  bedded  in 
the  ground,  the  rails  being  held  in  place  by  spikes  driven 
into  wooden  blocks  inserted  in  holes  in  the  stone. 

The  granite  block  composing  the  main  part  of  the  monu- 
ment stands  upon  a  pedestal  some  3  It.  in  height  and 
octagonal  in  its  general  form.  This  is  built  of  a  number 
of  the  original  stones  used  in  place  of  ties,  as  described 
above,  and  upon  the  top  of  it  and  surrounding  the  base  of 
the  block  is  a  ring  composed  of  two  of  the  old  rails  which 
had  been  preserved  in  the  shops  at  Bordentown,  joined 
together  by  some  of  the  original  joints,  and  resting  upon 
a  number  of  the  old  stone  blocks  which  are  placed  at  about 
the  distance  apart  which  they  were  usually  placed  in  the 
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track.  These  relics  were  carefully  gathered  up — princi- 
pally from  the  neighborhood  of  Bordentown  and  the  old 
shops  there — and  are  well  authenticated,  giving  the  monu- 
ment peculiar  interest.  It  may  be  noted  here  that  as  the 
Stevens  rail  was  really  the  original  of  our  present  form  of 
rail,  so  the  clip  joint  which  he  used  contains  the  germ  of 
the  modern  fish-plate. 

As  noted  in  the  inscription,  the  monument  is  placed  at 
the  western  end  of  the  track  which  was  then  laid.  This 
track  extended  3,500  ft.  eastward,  and  the  other  end  is 
marked  by  a  plain  granite  post  5  ft.  in  height  above  the 
ground. 

The  ceremonies  at  the  dedication  of  the  monument  were 
simple  and  impressive.  A  number  of  guests  were  brought 
by  special  train  from  Philadelphia,  Trenton  and  other 
places,  including,  it  was  stated,  one  gentleman  who  rode 
upon  the  first  train  at  the  original  trial  trip  in  1831.  Mr. 
Isaac  Dripps,  who  was  afterward  Master  Mechanic  of  the 
Pennsylvania  Railroad,  was  the  engineer  of  the  first  train, 
and  had  been  previously  engaged  in  putting  together  the 
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old  locomotive /(?//«  Bu/l  when  it  arrived  from  England. 
He  is  still  alive  and  a  resident  of  Philadelphia,  but  was, 
unfortunately,  unable  to  come.  A  platform  for  the  con- 
venience of  guests  and  speakers  had  been  arranged  along- 
side of  the  track,  and  General  Stryker,  Vice-President  of 
the  New  Jersey  Historical  Society,  was  called  upon  to 
preside.  With  a  few  well-chosen  words  he  introduced 
Mr.  J.  T.  Richards,  under  whose  charge,  as  above  noted, 
the  monument  was  built,  who  made  a  brief  address,  recit- 
ing the  circumstances  under  which  the  monument  was 
built,  and  transferring  it  to  the  custody  of  the  United  New 
Jersey  Railroad  &  Canal  Company.  An  address  of  ac- 
ceptance on  the  part  of  that  company  by  Mr.  F.  Wolcott 
Jackson,  General  Superintendent  of  the  United  Railroads 
of  New  Jersey  Division,  and  then  the  main  address  of  the 
day  was  made  by  Mr.  Watkins.  It  was  historical  in  its 
nature,  giving  an  account  of  the  organization  of  the  Cam- 
den &  Amboy  Company,  the  difficulties  which  attended 
the  first  construction  of  the  road,  and  its  subsequent  his- 
tory, and  referred  at  considerable  length  to  the  very  im- 
portant part  taken  by  Mr.  John  Stevens  and  his  sons  in 
the  building  of  the  road  and  the  designing  of  its  substruc- 
ture and  rolling  stock.  It  was  exceedingly  interesting  in 
its  nature,  and  we  regret  very  much  that  space  prevents 
us  from  reproducing  it  in  full. 

It  is  hoped  that  the  good  example  thus  set  out  at  Borden- 
town  will  be  followed  elsewhere,  and  that  memorials  com- 
memorating the  prominent  events  of  our  railroad  history 
may  be  erected  elsewhere.  The  Bordentown  monument 
is  simple  and  tasteful  and  well  adapted  to  the  surround- 
ings and  circumstances,  and  it  is  solid  enough  to  remain 
there  to  notify  travelers  for  generations  to  come. 


LYNN  HAVEN  BAY  AS  A  HARBOR  OF  REFUGE. 


By  Lieutenant  Henry  H.  Barroll,  U.  S.  N. 


The  geographical  position  of  Cape  Henry  and  its  vicin- 
ity makes  it  highly  desirable  that  there  should  here  be  con- 
structed a  harbor  to  allow  refuge  in  threatening  or  in 
stormy  weather  to  the  shipping  that  may  be  either  enter- 
ing or  departing  from  Chesapeake  Bay,  as  well  as  to  those 
vessels  passing  up  and  down  this  portion  of  the  coast. 

Cape  Hatteras  may  well  be  considered  the  most  danger- 
ous point  on  the  Atlantic  coast  of  the  United  States.  Sev- 
eral causes  combine  to  make  this  locality  a  dangerous  one 
to  navigators. 

From  Cape  Henry,  the  lower  of  the  two  points  marking 
the  entrance  to  Chesapeake  Bay,  the  coast-line  runs  about 
south-southeast,  for  a  distance  of  loo  miles,  to  Cape  Hat- 
teras. From  Hatteras  southward,  as  far  as  Fernandina,  a 
distance  of  some  400  miles,  the  general  trend  of  the  coast 
is  about  southwest. 

The  line  of  direction  of  this  southern  portion  of  the  coast 
has  also  determined  the  direction  of  the  Gulf  Stream.  The 
shore-line  has  been  much  worn  by  the  action  of  the 
waves,  forming  three  marked  indentations,  known  as 
Long,  Onslow  and  Raleigh  Bays,  and  just  at  the  northern 
extremity  of  the  last-mentioned  indentation,  and  at  the 
apex  of  the  angle  formed  by  the  two  lines  of  coast,  is  Cape 
Hatteras,  a  low,  sandy  point,  scarcely  visible  even  under 
most  favorable  conditions  of  weather,  at  a  distance  of  six 
or  eight  miles,  while  dangerous  and  constantly  changing 
shoals  of  hard  sand  stretch  out  to  seaward  fully  10  miles 
from  the  shore-line. 

Here  the  Gulf  Stream,  transporting  immense  volumes  of 
tropically  heated  water,  and  which  is  constantly  communi- 
cating its  warmth  to  the  air  above  its  surface,  meets  the 
cold  Arctic  or  Counter  Current,  which  Hows  along  the 
upper  Atlantic  coast,  and  also  encounters  the  cold  air- 
walls,  or  atmospheric  waves,  sweeping  from  our  northwest 
territory. 

In  recent  years  careful  surveys,  deep-sea  soundings  and 
temperatures  taken  with  self-registering  thermometers 
have  accurately  defined  the  limits  of  this  great  ocean  cur- 
rent. At  Hatteras  the  warm  tropic  river,  flowing  through 
its  bed  of  colder  waters,  is  breasted  off  to  the  northeast, 
but  not  until  it  has  forced  itself  to  within  less  than  40  miles 


of  the  coast  ;  while  in  the  latitude  of  the  Delaware  capes 
the  outer  cold  wall  formmg  its  western  bank  is  more  than 
300  miles  further  to  the  eastward. 

It  is  almost  impossible  to  realize  the  magnitude  of  this 
immense  stream— one  6i  the  greatest  arteries  in  that  won- 
derful system  of  the  ocean's  circulation.  At  Cape  Hat- 
teras it  has  a  width  of  about  100  miles  and  a  depth  of  600 
ft.,  and  flows  at  the  rate  of  from  35  to  50  miles  a  day. 
These  figures  serve  to  illustrate  the  tremendous  force  that 
is  constantly  being  brought  to  bear  day  and  night  against 
the  apparently  insignificant  sand  point,  which,  neverthe- 
less, steadily  deflects  and  determines  the  course  of  this 
mighty  river  of  the  sea. 

The  violent  revolving  storms  which  we  now  denominate 
cyclones,  and  which  have  their  origin  in  meteorological 
disturbances  occurring  to  the  eastward  of  or  in  the  vicinity 
'  of  Barbados,  sweep  northward,  the  center  of  the  storm 
generally  describing  a  parabolic  curve  in  its  passage 
northward. 

These  gales  are  most  liable  to  be  disastrous  to  shipping 
when  the  vessel's  position  with  regard  to  the  storm's  cen- 
ter is  not  accurately  known.  Modern  science  has  demon- 
strated that  these  meteors  can  be  made  of  service  to  navi- 
gation rather  than  the  reverse,  provided  that  the  navigator 
carefully  avoids  what  is  now  well  known  to  be  the  danger- 
ous semicircle  of  the  storm.  But  unfortunately  the  storm's 
center,  moving  northward,  as  before  stated,  approximately 
on  a  parabolic  curve,  has  a  tendency  to  recurve  or  to 
pass  from  the  northwest  arm  to  the  northeast  arm  of  the 
parabola,  returning,  as  it  were,  with  redoubled  force 
upon  vessels  that  were  previous  to  this  well  clear  of  the 
dangerous  semicircle. 

The  majority  of  these  tropical  gales  recurve  between 
the  limits  of  latitude  23°  north  and  latitude  2>Z°  north. 
Cape  Hatteras  lies  in  about  35°  north,  and  therefore  dur- 
ing the  progress  of  a  cyclone  vessels  in  the  vicinity  of  this 
cape  are  always  subjected  to  the  dangerous  sudden  shift- 
ing in  direction  of  the  wind,  and  to  the  confused,  irregu- 
lar sea  that  such  recurving  produces. 

Another  feature  that  complicates  the  passage  of  Cape 
Hatteras,  especially  to  vessels  coming  from  the  southward 
or  the  eastward,  is  the  fact  that  here,  owing  to  the  ex- 
tremely irregular  profile  of  the  ocean's  bottom,  the  sailor, 
when  approaching  the  shore,  can  derive  little  knowledge 
from  the  use  of  the  lead.  Coasting  vessels  can,  to  a  cer- 
tain extent,  be  assisted  by  frequent  soundings,  when  round- 
ing Hatteras  from  the  northward,  but  when  approaching 
from  seaward — say  from  a  direction  southeast  of  the  cape 
— the  lead  is  practically  useless. 

Vessels  arriving  upon  that  stretch  of  our  coast  lying  be- 
tween Cape  Henry  and  New  York  will  find  that  the  depth 
of  water  shoals  with  comparative  regularity — an  important 
factor  in  navigation.  Eastward  of  Cape  Henry  the 
50-fathom  curve  will  be  found  at  a  distance  of  65  miles 
from  shore,  and  eastward  of  Barnegat  the  same  depth  is 
found  at  75  miles,  while  it  is  impossible  to  get  within  80 
miles  of  Sandy  Hook  lightship  before  having  first  gotten 
into  less  than  50  fathoms. 

On  the  other  hand,  at  Cape  Hatteras  the  50-fathom 
curve  approaches  to  within  15  miles  of  the  shore-line  and 
to  within*7  miles  of  the  Outer  Diamond,  a  dangerous  shoal, 
over  which  there  are,  in  some  places,  only  5  ft.  and  8  ft. 
of  water.  Ten  miles  from  Cape  Hatteras  there  are  shoal 
spots  having  only  18  and  20  ft.  of  water.  At  a  distance  of 
20  miles  there  is  100  fathoms,  and  at  30  miles  a  depth  of 
1,650  fathoms  is  reached.  The  irregular  nature  of  the 
bottom  here  is  well  illustrated  by  the  accompanying  map, 
which  is  a  reproduction  of  a  part  of  a  United  States  Coast 
Survey  chart. 

These  causes  combine  to  produce  at  Cape  Hatteras  most 
disastrous  effects  upon  shipping  either  during  the  greater 
tropical  gales  or  in  the  lesser  and  more  localized  disturb- 
ances, which  can  here  always  cause  great  damage  to  ves- 
sels subjected  to  their  influences. 

Thus  early  in  life  does  the  seafaring  man  learn  to  have 
a  wholesome  respect  for  Old  Hatteras,  whose  white,  hard 
sand  beach  represents  the  tombstone  of  many  a  gallant 
mariner.  -  v^r* 

"  If  the  Bermudas  let  you  pass. 
Then  look  out  for  Hatteras." 
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This  distich  is  well  known  to  the  mariner.  It  represents  to 
him  the  experience  of  ages,  extending  from  the  obliteration 
of  the  prosperous  and  happy  little  Jamaican  city  of  Savana 
la  Mar,  in  1 7.80,  or  the  scattering  and  wrecking  of  Rodney's 
fleet  in  1782,  when  90  vessels  were  lost  and  3,000  seamen 
drowned,  to  the  more  recent  March  blizzard  of  1888,  or  the 
recent  wholesale  destruction  wrought  upon  the  island  of 
Martinique  by  the  cyclone  of  August,  1891. 

In  order  to  guard  against  the  many  dangers  that  in  this 
locality  beset  the  sailor's  pathway,  the  United  States  Gov- 
ernment has  ever  been  striving  to  place  and  keep  here 
good,  reliable  aids  to  navigation. 

For  years  attempts  were  made  to  keep  tiie  shoals 
marked  by  large  iron  buoys  ;  but  although  these  were 
moored  with  the  heaviest  class  of  chains  ana  anchors,  they 
were  constantly  being  torn  away  by  the  powerful  sea  that 
here  breaks  during  gales  of  v/inds.  Along  the  stretch  of 
beach  extending  from  Hatteras  to  Cape  Henry  are  21  life- 
saving  stations,  spaced  at  distances  ot  only  about  five 
miles  from  each  other.  The  main  light  at  Cape  Hatteras 
is  shown  from  a  huge  tower  191  ft.  above  the  level  of  the 
sea.  It  is  a  powerful,  first-order  light,  and  is  visible  to  a 
distance  of  20  miles.  Another  smaller  lighthouse,  built 
close  to  the  extreme  point  of  the  cape,  throws  another 
gleam  over  the  outlying  shoals,  and  in  addition  there  is 
now  under  course  of  construction  on  the  Outer  Diamond 
an  enormous  lighthouse,  whose  cost  is  to  be  $500,000. 

Surely  the  United  States  cannot  be  accused  of  neglect- 
ing to  advance  the  interests  of  her  commerce  when  we  see 
her  spend  half  a  million  dollars  in  order  that  the  faint 
glimmering  speck  which  guides  the  mariner  by  night  shall 
be  shown  from  a  spot  some  eight  or  nine  miles  further  to 
the  seaward  of  this  treacherous  sand  point. 

Yet  notwithstanding  all  the  care  thus  taken  and  all  the 
money  thus  spent,  the  mariner  can  never  depend  upon  the 
assistance  here  provided  for  him.  He  may  even  be  ap- 
proaching the  coast  in  broad  daylight,  with  favoring  wind 
and  with  perfectly  clear  weather,  when  a  chilly  wave  of  air 
from  the  northwest  meets  the  warmer  atmosphere  above 
the  Gulf  Stream,  and  his  vessel  is  soon  enveloped  in  a 
dense  fog-bank,  and  he  must  continue  his  way  in  danger 
and  uncertainty. 

To  vessels  that  have  encountered  damage  at  sea,  it  is  of 
utmost  importance  that  there  may  be  close  at  hand  some 
port  where  repairs  can  be  made.  In  the  history  of  the  sea 
too  often  has  it  been  the  case  that  after  having  success- 
fully combated  the  fury  of  the  fiercest  gale,  a  noble  ship 
has  been  forced  to  succumb  to  a  lesser  storm,  brought  to 
bear  upon  a  broken,  dismantled  vessel,  whose  weary 
crew,  after  their  hard-earned  victory,  were  unable  to  cope 
with  the  lesser  foe. 

Owing  to  the  direction  in  which  the  Gulf  Stream  flows, 
vessels  that  have  been  disabled  anywhere  in  the  neighbor- 
hood of  this  locality  find  themselves,  in  "  clearing-up 
weather,"  to  be  to  the  northward  of  Cape  Hatteras  ;  and, 
therefore,  it  is  very  desirable  to  have  immediately  north  ot 
this  point  some  convenient  and  well-sheltered  port  for 
which  disabled  vessels  may  steer. 

Vessels  leaving  Boston,  New  York  and  other  northern 
ports,  and  bound  southward,  can  always  find  safe  anchor- 
age behind  the  Delaware  Jireakwater  from  gales  of  any 
nature,  and  can  venture  forth  and  pursue  their  voyage  as 
soon  as  the  position  of  the  storm's  center  indicates  that 
their  course  no  longer  lies  through  its  dangerous  semi- 
circle. 

But  after  leaving  Delaware  Breakwater  the  next  protec- 
tion for  vessels  of  draft  of  8  ft.  and  over  is  only  to  be  found 
in  some  sheltered  port  in  Chesapeake  Bay.  Lynn  Haven, 
an  open  roadstead  just  to  the  westward  of  Cape  Henry, 
furnishes  to  vessels  protection  against  southerly  winds  ; 
but  owing  to  the  exposed  nature  of  this  roadstead  to  the 
northward,  it  is  at  present  but  a  doubtful  shelter,  since  in 
the  case  of  a  revolving  storm  the  shifting  in  direction  of 
the  wind  would  leave  the  vessel  on  a  lee  shore  with  a 
sweep  of  the  entire  Chesapeake  Bay  to  roll  in  a  sea  of  such 
magnitude  that  she  could  not  safely  ride  at  anchor  be- 
fore it. 

The  only  safe  course  in  such  a  case  would  be  to  con- 
tinue to  Hampton  Roads,  passing  through  the  narrow 
gateway  at  Fort  Monroe,  and  anchor  where  there  is  shel- 


ter from  all  directions.  But  this  necessitates  the  sailing 
of  a  further  distance  of  some  20  miles — a  track  which  the 
vessel  must  also  retrace  in  order  to  get  once  more  upon 
the  sailing  line  to  her  destination.  Freights  are  low, 
competition  is  sharp,  and  owners  of  vessels  are  exacting, 
and  therefore  the  master,  even  with  all  indications  of  an 
approachmg  gale,  will  sometimes  hesitate  to  add  to  the 
security  of  his  vessel  by  sailing  this  additional  40  miles. 

If  his  vessel  is  bound  southward  he  has  probably  had 
comparatively  fair  weather  since  leaving  the  vicinity  of  the 
Delaware  Breakwater,  100  miles  to  the  northward.  He 
argues  with  himself  that  it  is  only  an  equal  distance  fur- 
ther south  to  round  Cape  Hatteras  ;  and  he  generally  de- 
cides to  "  chance  it  on  the  course  to  the  port"  rather  than 
to  make  a  harbor  at  the  expense  of  so  much  time  and 
trouble. 

Perhaps  all  goes  well  ;  and  after  two  or  three  days' 
buffeting  he  weathers  the  gale,  and  saves  on  his  voyage 
the  40  extra  miles  to  Hampton  Roads  and  back.  Perhaps 
all  does  not  go  well  ;  and  then  the  bones  of  his  staunch 
vessel  go  to  add  to  the  litter  on  the  wreck-strewn  beach 
from  Hatteras  to  Nag's  Head. 

In  some  cases  the  master  makes  a  compromise,  and 
takes  an  anchorage  in  the  open  roadstead  at  Lynn  Haven, 
trusting  to  his  ability  to  get  under  way  at  the  first  sign  of 
a  change  in  the  direction  of  the  wind  ;  but  this,  although 
sometimes  made  necessary,  owing  to  stress  of  circum- 
stances, is  not  a  wise  proceeding. 

These  considerations  illustrate  how  much  the  immense 
commerce  of  Chesapeake  Bay  and  its  numerous  tributary 
rivers  would  be  enhanced  by  the  building  of  a  breakwater 
here,  just  inside  the  entrance  to  the  bay.  There  would 
then  be  here  provided  a  safe  and  convenient  harbor  only 
100  miles  distant  from  Cape  Hatteras,  and  also  at  the  final 
point  of  leaving  the  more  sheltered  Chesapeake  Bay  for  the 
great  ocean  itself. 

Within  the  last  few  years  there  has  been  established  be- 
tween Chesapeake  Bay  and  northern  ports  a  system  of 
transportation  by  barges,  several  of  which  will  proceed  to 
sea  in  tow  of  a  single  tug.  This  class  of  transportation 
has  now  assumed  such  great  proportions  that  its  necessi- 
ties should  not  be  overlooked,  and  a  secure  harbor  just 
inside  of  Cape  Henry  would  be  of  vital  importance  to  this 
class  of  vessels. 

In  many  cases  vessels  would  use  this  harbor  in  passing, 
merely  coming  here  to  report  for  orders  or  to  send  in- 
formation to  their  owners.  At  Cape  Henry  is  located  a 
sea  coast  signal  and  telegraph  station,  and  vessels  could 
thus  report  their  arrival,  and  receive  instructions  where  to 
proceed.  Little  time  would  be  lost  by  even  passing  ves- 
sels, were  they  to  make  a  harbor  here  in  anticipation  of 
heavy  weather  ;  while  perhaps  to  a  sailing  vessel  the  time 
required  to  reach  the  secure  anchorage  in  Hampton  Roads 
would  be  represented  by  the  better  portion  of  a  day. 

It  would  be  difficult  to  estimate  the  saving  of  life  and 
property  by  the  establishment  of  a  harbor  of  refuge  at  this 
place.  Thousands  of  lives  and  millions  of  dollars'  worth 
of  property  are  daily  passing  through  this  great  artery  of 
our  commerce.  It  has  been  estimated  that  that  portion  of 
the  commerce  that  passes  through  Hampton  Roads  is 
equal  to  that  which  ascends  to  the  city  of  Baltimore.  To 
this  must  be  added  the  traffic  of  the  numerous  tributary 
streams,  the  York,  Rappahannock,  Potomac,  Patapsco, 
etc.,  their  shores  lined  with  prosperous  cities  and  thriving 
towns. 

The  late  wonderful  development  of  the  South  under  the 
last  few  years  of  heavy  crops  and  a  great  influx  of  North- 
ern capital  seeking  investment  has  been  nowhere  more 
marked  than  here  at  the  southern  gateway  to  the  ocean. 
Urged  on  by  the  prosperity  of  the  territory  to  the  south 
and  west,  Virginia's  seaports,  all  of  which  are  situated  on 
Chesapeake  Bay,  have  been  taxed  to  their  utmost  to  receive 
and  trans-ship  the  produce  that  is  being  constantly  crowd- 
ed here  to  meet  water  transportation. 

The  great  coal  mines  of  the  western  part  of  Virginia, 
pouring  their  steady  stream  of  rich  bituminous  coal  into 
the  grand  harbor  of  Hampton  Roads,  constantly  demand 
additional  wharves  and  piers  for  the  handling  of  their  ever- 
increasing  output.  In  1886  the  coal  shipments  from  one 
of  these  piers— Lambert's  Point — aggregated  504,000  tons. 
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In  1890  the  shipments  aggregated  1,250,000  tons.  In  1878 
the  estimate  made  of  the  value  of  the  oyster  trade  of  Nor- 
folk was  1350,000  ;  in  1890  this  trade  gave  employment  to 
18,864  persons,  and  was  valued  at  ^3, 124,444. 

The  waters  of  Chesapeake  Bay  teem  with  every  variety 
of  fish,  and  its  shores  are  under  almost  close  cultivation  in 
the  raising  of  vegetables  for  northern  markets.  Each  day 
thousands  of  craft,  from  the  ocean  steamer  to  the  diminu- 
tive oyster  pungy,  are  cleaving  its  waters  in  the  pursuit  of 
a  livelihood,  and  the  extent  to  which  this  grand  body  of 
water  contributes  to  the  support  of  the  surrounding  mari- 
time community  is  inestimable. 

To  all  these  would  a  harbor  here  at  the  entrance  to  the 
great  bay  be  of  advantage.  A  list  of  the  vessels  that  have 
in  the  last  tew  years  gone  ashore  on  this  portion  of  the 
coast,  and  yet  inside  ol  the  protection  as  now  afforded  by 
the  capes,  shows  the  amount  of  havoc  that  is  each  year 
wrought  on  account  of  a  want  of  sufficient  protection  at 
this  place. 

VESSELS  REPORTED  AS  ASHORE,  OR  SUNK,  BETWEEN  CAPE  HENRY 
AND    SEWALL    POINT,  VA. 

February  8,  1886  :  A  two-masted  schooner  sunk  W.  N.  W.  of 
Cape  Henry  ;  schooner  Anthea  Godfrey  sunk  in  Lynn  Haven 
Bay.     (Afterward  blown  up  by  U.  S.  engineers.) 

DccemDcr  9,  1886  :  A  lug-boat  ashore  on  Cape  Henry. 

November  2,  1S87  :  Schooner  Wallace  J.  Boyd  ashore  on 
Sewall  Point ;  American  schooner  William  T.  Phelps  ashore 
on  Willoughby  Spil  ;  American  schooner  Carrie  Holmes  ashore 
at  Cape  Henry  ;  American  schooner  Mary  D.  Cranmer  ashore 
at  Cape  Henry  ;  British  bark  Alabama  ashore  at  Ocean  View  ; 
American  schooner  Elias  Moore  ashore  3  miles  east  of  Ocean 
View  ;  brig,  (nationality  unknown)  ashore  at  same  place  ;  Brit- 
ish bark  Harvester  ashore  at  the  same  place. 

December  30,  1887  :  American  schooner  Catharine  W.  May 
sunk  in  10  fathoms  12^  miles  W.  ^  N.  of  Cape  Henry. 

January  2,  l8b8  :  Steam  yacht  Mohican  ashore  on  Willough- 
by Spit. 

February  16,  1888  :  American  schooner  Maud  Seward  9!&\iOX^ 
on  Willoughby  Flats. 

February  27,  1888  :  American  schooner  Alfred  E.  Smyrk 
sunk  while  at  anchor  two  miles  east  of  Thimble  Light. 

March  13,  18SS  :  A  large  three-masted  schooner  sunk  in 
1%  fathoms  south  of  Thimble  Light,  a  few  miles  east  of  Fort 
Monroe. 

March  18,  1889  :  American  bark  E.  L.  Fettingill,  just  re- 
turned from  Asia,  sunk  a  few  miles  northwest  of  Cape  Henry, 
and  all  on  board  perished.  (This  vessel  bad  for  several  years 
weathered  gales  in  all  parts  of  the  world,  only  to  founder  at  her 
anchors  at  this  home  port.) 

April  9,  1889  :  American  schooner  Charles  P.  Sinnickson 
totally  wrecked  at  Ocean  View. 

October  25,  1S89  :  General  Harrison,  rig  unknown,  ashore  3 
miles  north  and  west  of  Cape  Henry  ;  American  schooner  A'ozrr 
ashore  3  miles  east  of  Ocean  View. 

It  would  be  unnecessary  to  continue  the  list,  which  is 
constantly  being  added  to  in  a  more  or  less  rapid  degree 
according  to  the  season  of  the  year.  The  most  noticeable 
feature  of  the  above  list  is  the  disaster  following  the 
cyclone  of  October  13  to  October  23,  1887.  In  later  years 
vessel  captains  have  become  more  wary  of  trusting  to  the 
insufficient  shelter  afforded  by  the  pr-esent  roadstead  of 
Lynn  Haven. 

The  cyclone  of  October  13-23  is  plotted  as  follows  : 

October  13,  about  300  miles  south  of  Havana. 

October  14,  center  about  50  miles  north  of  Campcche. 

October  17,  center  100  miles  south  of   Galveston. 

October  19,  center  50  miles  south  of  Mobile. 

October  20,  center  about  75  miles  west  of  Hatteras. 

October  21,  center  about  75  miles  east  of  Boston. 

October  23,  center  about  50  miles  north  ot  St.  Johns, 
Newfoundland. 

There  was  plenty  of  time  for  the  approach  of  this  storm 
to  have  been  signaled  to  vessels  passing  along  our  coast, 
and  no  doubt  this  was  done  at  every  signal  station  along 
the  coast.  Probably  hundreds  of  vessels  remained  in  har- 
bor owing  to  the  fact  of  its  approach  having  been  signaled, 
yet  those  vessels  of  the  above  list  mentioned  under  the 
date  of  November  2  were  undoubtedly  attempting  to  get 
an  anchorage  inside  of  Hampton  Roads,  or  had  taken 
anchorage  at  Lynn  Haven,  and  upon  the  approach  of  the 
storm's  center  in  this  locality  were  driven  ashore  ;  and  a 


week  later  this  portion  of  the  coast  is  shown  to  be  literally 
lined  with  stranded  vessels. 

A  record  of  disaster  such  as  the  above  speaks  with  no 
uncertain  voice.  Of  all  classes  of  investment,  that  of  ship- 
ping represents  probably  the  least  wealth  in  proportion  to 
the  number  of  people  who  are  its  owners.  Each  small 
schooner  is  usually  owned  in  part  by  the  captain,  and  in 
some  cases  each  member  of  the  crew  has  an  interest  in 
the  profits  of  the  vessel.  So,  in  such  cases  as  that  of 
November  2,  1887,  when  the  report  goes  forth  to  Washing- 
ton of  the  eight  vessels  whose  wrecks  lined  this  stretch  of 
coast,  it  represents  not  only  the  loss  or  detention  of  these 
vessels,  but  probably  also  the  loss  of  many  a  bread-winner 
for  those  at  home  waiting  with  expectant  eyes  for  the  sail 
that  is  never  to  return.  Not  only  the  loss  to  the  crew  of 
their  place,  their  occupation,  their  clothing,  but  also  their 
share  in  the  vessel's  profits  ;  while  those  at  home  are  beg- 
gared as  much  as  are  the  stout  men  who  have  struggled 
through  the  breakers  and  gained  the  beach. 

The  records  of  the  Life-saving  Service  show  that  for  the 
two  years  ending  June  30,  1891,  there  occurred  casualties 
to  no  less  than  160  vessels  between  Cape  Fear  and  Cape 
Henlopen.  The  estimated  value  of  these  vessels  and  the 
cargoes  they  carried  was  I3  404.485,  of  which  the  esti- 
mated sum  lost  was  11,146,890.      There  were  aboard 

these  vessels   1,116  persons,    and   it  is  gratifying   to  note 

that,  owing  to  the  efficiency  of  our  Life-saving  Service, 
only  51  of  these  lives  were  lost. 

From  these  figures  it  would  appear  that  there  are  every 
year  risked  on  this  dangerous  coast  a  regiment  of  lives 
and  nearly  $3,500,000  of  property,  and  while  the  exertions 
of  the  Life-saving  Service  reduced  the  loss  of  lives  to  less 
than  5  per  cent,  of  those  risked,  such  fortune  does  not 
befall  the  ships  and  their  cargoes,  since  of  this  property 
more  than  33  per  cent,  is  lost. 

With  regard  to  the  feasibility  of  constructing  a  break- 
water here,  it  is  well  to  first  examine  the  locality,  and  see 
what  Nature  has  already  done  in  that  respect,  and  then 
strive  to  assist  rather  than  retard  her  efforts. 

By  reference  to  the  plate  on  the  first  page,  a  reproduction 
of  a  part  of  United  States  Coast  Survey  Chart  No.  \l\,\\. 
will  be  seen  that  there  is  a  well-defined  channel  lying 
close  along  the  shore,  almost  as  far  to  the  westward  as  the 
hotel  at  Ocean  View.  To  the  northward  of  this  littoral 
channel,  and  separating  it  from  the  Main  Ship  Channel 
into  Hampton  Roads,  are  a  series  of  shoal  banks  making 
eastward  from  Willoughby  Banks.  Just  to  the  northward 
of  Lynn  Haven  Inlet,  the  opening  to  the  river  of  that 
name,  and  lying  about  1%  miles  off  shore,  is  the  last 
portion  of  this  scries  of  shoals— a  small  bank  having  only 
y^  fathoms,  while  between  this  and  the  shore  will  be 
found  as  much  as  5  fathoms  of  water.  This  clearly  shows 
that  the  tendency  of  the  littoral  currents  caused  by  the 
ebb  and  flow  of  the  tide  is  to  cut  out  the  channel  at  the 
expense  of  piling  up  sand  on  the  banks.  This  small  shoal 
should  be  taken  as  the  nucleus  of  a  breakwater,  and  with 
a  clear  approach  at  each  end  there  would  be  no  difficulty 
experienced  in  keeping  at  all  times  a  channel  of  at  least 
20  ft.  at  lowest  stage  of  the  tide.  The  dotted  line  on  the 
map  shows  approximately  the  location  for  the  breakwater. 

The  question  of  expense  can  easily  be  estimated,  since 
it  only  consists  in  calculating  the  cost  of  the  transportation 
and  depositing  of  a  sufficient  amount  of  stone  to  form  here 
a  reef  of  large  enough  size  to  break  the  obnoxious  seas 
from  the  northward.  There  would  be  no  need  of  an  ice- 
breaker, as  in  the  case  of  the  Delaware  Breakwater  ;  and 
with  each  end  of  the  breakwater  lying  in  the  general 
direction  of  the  flow  of  the  tidal  currents,  there  would 
always  be  a  good  depth  of  water  in  the  harbor. 

With  the  experience  of  the  Delaware  Breakwater  our 
engineers  would  probably  be  able  to  greatly  reduce  the 
cost  of  a  similar  protection  here  at  the  mouth  of  the 
Chesapeake  Bay  ;  but  even  at  a  cost  equal  to  that  of  the 
Delaware  Harbor  of  Refuge,  such  expenditure  would  be 
well  repaid.  A  government  that  can  afford,  as  at  Hat- 
teras. to  expend  a  half  million  dollars  to  add  to  the  safety  of 
its  sailors,  can  well  afford  also  to  expend  an  equal  amount 
for  a  harbor  of  refuge  at  this,  the  point  of  all  others  on 
the  Atlantic  coast  where  such  protection  is  needed. 
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A   PORTABLE    ELECTRIC   LIGHTING  PLANT. 


The  accompanying  illustration,  for  which  we  are  in- 
debted to  the  Electrical  Engineer,  shows  an  electric  light- 
ing plant  in  use  on  the  Cumberland  Valley  Railroad.  It 
is  described  in  the  Engineer  by  Mr.  C.  S.  Hull  as  follows  : 

Having  recently  read  of  portable  electric  lighting  as 
being  a  new  scheme,  I  send  you  prints  of  a  portable  elec- 
tric light  plant  designed  and  built  by  me  for  the  Cumber- 
land Valley  Railroad,  at  the  Chambersburg,  Pa.,  shops, 
in  1883,  and  which  has  been  in  constant  use  up  to  date. 
The  accompanying  illustration  explains  the  construction. 


is  now  ripe  for  a  nation's  thought.  If  Mr.  Edison,  too, 
can  add  to  existing  methods  one  by  which  low  voltage 
may  be  used,  it  is  cause  for  general  congratulation,  even 
though  to  many  of  us  lowering  voltage  looks  like  a  decided 
step  backward.  We  are  all  gainers  by  every  extension  of 
the  field,  and  in  the  long  run  not  a  cent  less  will  be  spent 
in  railroad  investment.  Moreover,  there  is  no  evidence 
that  existing  methods  or  apparatus  will  be  wiped  out,  even 
by  the  most  revolutionary  invention.  Each  new  invention 
simply  restricts  other  ways  of  reaching  results  to  their 
strictly  legitimate  sphere  of  greatest  profit  and  benefit ; 
and  as  far  as  electrical  plant  is  concerned,  the  depreciation 
is  generally  so  slight  that,  even  in  spite  of  the  great  ad- 
vances made,  apparatus  is  still  runnmg  with  satisfaction 


ELECTRIC   LIGHT   CAR   FOR   THE   CUMBERL.-VND   VALLEY    RAILROAD. 


We  use  this  plant  for  lighting  at  wrecks,  and  rent  it  for 
picnics,  camp-meetings  and  often  for  public  lighting.  The 
capacity  of  the  plant  is  forty  2,000-candle-power  and  two 
65-candle-power  incandescent  series  lamps. 

This  plant  consists  of  a  fifteen  2,000-candle-power  lamp 
dynamo,  built  by  the  Thomson-Houston  Electric  Com- 
pany, 1880,  purchased  by  our  Company  in  1882  ;  a  twenty- 
five  2,000-candlc-power  lamp  dynamo,  spherical  type,  pur- 
chased in  1886,  operated  by  a  35  H.P,  vertical  automatic 
engine  and  a  40  H.P.  vertical  submerged  flue  boiler,  built 
by  the  Taylor  Manufacturing  Company,  Chambersburg, 
Pa.    The  plant  has  given  entire  satisfaction. 


MR.  EDISON'S   RAILROAD   INVENTIONS. 


(From  the  Electrical  Engineer^ 


Our  columns  contain  this  week  the  bitter  protest  of  a 
correspondent  against  the  various  reports  that  have  ap- 
peared in  the  newspapers  with  regard  to  some  new  work 
of  Mr.  Edison  in  electric  railroads.  It  is  a  matter  of  fact 
that,  as  there  s'.ated,  the  effect  of  these  newspaper  articles 
has  been  to  put  a  check  upon  immediate  investment  in 
existing  methods  of  electric  railroad  work,  and  for  that 
reason  they  are  to  be  deplored.  Rut  it  is  hardly  fair  to 
hold  Mr.  Edison  responsible  for  the  exaggerations  and 
bulls  crowded  into  these  reports.  Some  day  the  news- 
papers will  perhaps  employ  skilled  men  on  their  technical 
work  as  they  now  do  on  that  which  relates  to  music  and 
the  drama  ;  but  in  the  mean  time  we  must  be  thankful 
things  are  no  worse.  If  this  talk  arrests  development,  the 
Edison  General  Company  will  suffer  with  the  rest,  and 
even  his  worst  enemies  will  credit  Mr.  Edison  with 
shrewdness  enough  to  see  that  palpable  and  obvious  fact. 
There  is,  however,  offset  to  the  harm  done.  It  is  a  great 
thing  to  have  the  whole  country  talking  and  thinking 
about  electric  railroads,  tor  in  due  course  misinformation 
will  be  corrected  and  the  truth  shine  clear.  Having  tried 
ourselves  for  ten  years  past  to  engage  puolic  attention  on 
electric  railroad  work,  we  are  glad  to  see  that  the  subject 


that  belongs  to  the  very  early  stages  of  the  art.  In  a  word, 
we  do  not  see  the  slightest  reason  why  any  single  railroad 
project  entered  upon  or  even  broached  should  not  be  car- 
ried to  a  conclusion.  When  Mr.  Edison  puts  his  plan  on 
the  market  it  will  be  time  enough  to  discuss  its  actual 

effect. 

♦ 

THE  UNITED  STATES  NAVY. 


The  last  report  of  the  Chief  of  Ordnance  recommends 
the  construction  of  an  experimental  breech-loading  nfie 
of  i6-in.  caliber.  The  lorgings  can  now  be  obtained  in 
this  country  and  the  gun  can  be  finished  in  the  shops  at 
the  Washington  Navy  Yard. 

THE  MONITOR  "  MIANTONOMOH." 

This  ship  may  be  said  to  be  really  the  first  battle-ship 
of  the  Navy  to  go  into  commission.  She  was  ordered  to 
be  ready  for  service  at  the  New  York  Navy  Yard  last 
month,  although  some  work  still  remains  to  be  done  upon 
her. 

The  Miantonomoh  was  originally  one  of  the  double-tur- 
reted  monitors  completed  about  the  close  of  the  War. 
She  was  put  in  commission  in  1866,  having  then  an  arma- 
ment of  four  15-in.  smooth-bore  guns,  and  soon  after 
made  a  cruise  to  Europe.  From  that  time  she  was  in  ser- 
vice but  liitle  until  1885,  when  it  was  decided  to  rebuild 
these  vessels,  with  iron  hulls  and  other  improvements. 

The  ship  is  now  of  iron  throughout,  the  hull  being 
divided  into  87  water-tight  compartments.  She  is  of  the 
original  low  freeboard  monitor  type,  the  deck  being  only 
25  in.  above  water  ;  the  sides  have  7-in.  armor.  The 
chief  dimensions  are:  Length,  262  ft.;  breadth,  55  ft. 
2  in.;  mean  draft.  14  ft.;  displacement,  3,820  tons. 

The  ship  has  twin  screws,  each  screw  being  driven  by  a 
compound  engine,  with  cylinders  32  in.,  40  in.  and  40  in. 
in  diameter  and  42  in.  stroke.  Steam  is  furnished  by  four 
boilers,  carrying  a  working  pressure  of  80  lbs.  She  is 
not  expected  to  make  over  14  knots  an  hour. 
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The  Miantonomoh  carries  four  lo-in.  breech-loading 
rifles,  the  first  of  the  new  guns  of  this  caliber  in  service. 
Two  of  these  guns  are  in  each  turret,  on  hydraulic  mounts. 
The  turrets  are  24  ft.  6  in.  in  diameter,  and  are  armored 
with  steel  plates  11^  in.  thick.  In  addition  to  the  large 
guns  there  are  four  6-pdr.  Hotchkiss  guns  on  deck  and 
two  revolving  cannon  in  the  tops  of  the  military  inasts 
with  which  the  ship  is  provided. 

LAUNCH   OF  THE   "DETROIT." 

The  new  cruiser  Detroit  was  launched  from  the  yard  of 
the  Columbian  Iron  Works  in  Baltimore,  October  28.  She 
is  an  unarmored  steel  cruiser  257  ft.  in  length  and  yj  ft. 
beam,  and  will  have  a  mean  draft  of  14  ft.  6  in.  The 
machinery  is  covered  by  a  protective  deck  varying  from 
f  in.  to  i  in.  in  thickness,  and  is  further  protected  by  a 
coffer-dam  filled  with  cellulose  and  by  the  arrangement 
of  the  coal  bunkers.  Her  displacement  with  a  normal 
load  is  2,000  tons. 

The  ship  has  twin  screws,  each  driven  by  a  triple-expan- 
sion engine  of  the  vertical  inverted  type,  having  cylinders 
i(i\  in.,  39  in.  and  63  in,  in  diameter  and  26  in,  stroke. 


NOTES  ON   COMBUSTION. 


By  C,  Chomienne,  Engineer. 


(C0ntiHued  from  fag*  501.) 


THE   NEW   CRUISER    "DETROIT"    FOR   THE    UNITED   STATES   NAVY 


The  engines  are  expected  to  develop  5,400  H.P.,  with  160 
lbs,  boiler  pressure  and  running  at  185  revolutions.  There 
are  three  double-ended  boilers  11  ft,  8  in,  in  diameter  and 
18  ft.  8  in,  long,  and  two  single-ended  boilers  11  ft.  8  in. 
in  diameter  and  9  ft.  2  in,  long.  The  forced  draft  is  on 
the  closed  ash-pit  system. 

The  coal  bunkers  will  hold  200  tons,  and  extra  bunkers 
are  provided  so  that  435  tons  can  be  carried.  With  the 
latter  supply  the  cruising  range  is  8,950  knots  at  a  lo-knot 
speed.  The  contract  speed  with  full  power  is  17  knots  an 
hour. 

The  armament  carried  will  consist  of  two  6-in.  and 
eight  4-in.  rapid-fire  guns.  The  secondary  battery  will 
include  four  6-pdr.  and  four  3-pdr.  rapid-fire  guns  and 
two  yj  mm.  (1.46-in.)  revolving  cannon.  There  will  also 
be  six  torpedo-tubes. 

The  Detroit  has  two  masts  and  will  have  a  fore-and-aft 
rig.  The  general  appearance  of  the  ship  is  shown  by  the 
accompanying  sketch,  which  is  taken  from  the  report  of 
the  Bureau  of  Construction. 

Cruiser  No.  9,  which  is  not  yet  named,  is  nearly  ready 
for  launching  at  the  same  yard.  There  are  altogether 
three  of  these  2,000-ton  cruisers  under  construction,  and 
they  are  expected  to  be  very  useful  and  handy  vessels  for 
cruising  work.  The  armament  is  a  heavy  one  for  their 
size. 


POSSIBLE    ECONOMIES    IN    COMBUSTION. 

We  have  already  seen  that  the  loss  by  incomplete  com- 
bustion of  gases  is  still  from  5  to  6  per  cent,  of  the  total 
heat,  even  under  good  conditions,  or  about  10  per  cent,  of 
the  heat  actually  utilized.  It,  then,  we  wish  to  do  away 
with  this  lojs,  and  at  the  same  time  to  reduce  the  loss  by 
the  chimney,  by  avoiding  an  excess  of  air,  we  can  easily 
obtain  a  saving  of  10  per  cent.,  and  with  poor  firemen 
this  economy  might  reach  and  even  exceed  20  per  cent. 
The  great  importance  of  this  saving,  when  the  enormous 
quantity  of  coal  burned  in  boilers  is  considered,  has  led 
to  a  great  many  attempts  to  obiain  it. 

As  one  of  the  latest  instances  of  these,  we  give  here  the 
apparatus  of  M.  Criner,  which  is  shown  in  figs.  3,  4,  5,  6,  7 
and  8.  This  apparatus  seems  to  have  succeeded  very  well  in 

uniting  the  merits  of  simplicity, 
low  cost  and  ease  in  manage- 
ment. It  has  been  tried  by  a 
number  of  engineers,  including 
the  Chief  Engineers  of  several  of 
the  French  District  Associations 
ot  boiler-owners,  and  it  has  been 
considered  well  to  give  a  descrip- 
tion below  of  this  apparatus,  as 
applied  to  a  boiler  with  external 
fire-box.  It  is  with  this  class  of 
boilers  that  it  is  most  easily  ap- 
plied. 

The  Criner  fire-box  is  composed 
of  a  distributor  of  air  over  the 
grate,  and  of  an  arrangement  tor 
mixing  the  gases  as  they  leave 
the  fire-box. 

The  air  distributor  is  shown  in 
figs.  3,  5  and  6,  and  on  a  larger 
scale  in  figs,  7  and  8  ;  fig.  3  is 
a  longitudinal  section  ;  fig.  4  a 
cross-section  on  the  line  c  d,  and 
fig,  5  a  horizontal  section  on  the 
line  g  h. 

The  distributing  apparatus  is 
composed  of  a  tube  t,  figs,  3,  5 
and  8,  which  passes  into  the  fire- 
box, one  end  being  open  to  the 
air,  while  the  other  opens  in  the 
fire-box  above  the  grate.  In  this 
tube  is  a  valve  or  damper,  by 
which  the  quantity  of  air  introduced  in  a  given  time  can 
be  regulated.  There  is  also  a  sand-box  6",  figs.  7  and  8, 
resembling  an  hour-glass,  which  has  two  compartments 
a  b,  and  which  contains  very  dry  sand.  An  arm  f'' ex- 
tends horizontally  into  the  hole  which  connects  these  two 
compartments,  and  thus  serves  to  increase  or  diminish  the 
speed  with  which  the  sand  passes  from  one  to  another. 
This  sand-box  has  two  distinct  movements  ;  it  can  oscil- 
late around  the  points  of  suspension  x  x,  and  the  support 
y  y,  which  forms  the  socket,  permits  it  also  to  rotate. 
This  support  is  fixed  in  front  of  the  fire-box  in  sucfi  a  way 
that  the  opening  of  the  tube  /  will  be  completely  closed 
by  the  sand-box  when  it  is  vertical.  The  sand  is  then  in 
the  lower  compartment.  When  the  tube  /  should  be 
opened  and  give  free  access  to  the  air,  it  is  sufficient  to 
turn  the  sand-box  180°  around  the  supportjj.  In  this 
way  the  compartment  b  which  was  below  is  raised  above, 
and  the  weight  of  sand  which  it  contains  causes  the  sand- 
box to  oscillate  around  its  axis  x  x,  forcing  it  to  take 
the  inclined  position  a'  b'.  It  thus  leaves  the  mouth  of 
the  tube  /  open  until  the  sand  has  run  down  in  a  sufficient 
quantity  to  make  it  resume  the  vertical  position  b'  coming 
to  a  and  a'  to  b.  Thus  the  damper  of  the  tube  /  serves  to 
regulate  the  quantity  of  air  introduced,  while  the  arm  V 
serves  to  regulate  the  length  of  this  introduction.  Two 
of  these  apparatus  are  employed  for  each  generator. 
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f  The  arrangement  for  mixing  up  the  gases,  which  is  in- 
tended to  mix  them  completely  before  they  reach  the  point 
where  the  flame  is  extinguished,  is  usually  composed  ot  a 
series  of  bars  or  columns  a,  b,  r,  d,  figs.  3  and  5,  of  fire- 
brick, or  some  other  refractory  substance,  placed  in  rows 
behind  the  bridge.     Under  the  influence  of  the  draft  the 


mining  companies,  where  the  refuse  coal  which  is 
usually  burned  has  very  little  value.  If  what  we  have 
said  above  is  carefully  considered,  however,  it  will  be 
seen  that  there  are  three  reasons  for  this  : 

I.  The  gases  leaving   the  mixing  apparatus  are  much 
hotter  and  the  boiler  will  absorb  a  greater  amount  of  heat. 
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THE   CRINER   FIRE-BOX. 


gases  are  obliged  to  pass  around  these  obstacles  in  their 
way.  There  is,  then,  a  sharp  agitation  which  brings 
rapidly  in  contact  all  the  elements  which  can  combine  at 
a  very  high  temperature,  in  such  a  way  that  combustion 
is  hastened,  and  will  end  before  the  point  of  extinction  is 
reached.  These  columns  bemg  in  the  hottest  part  of  the 
fire  are  carried  to  a  red  heat,  and  then  serve  by  their  own 
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temperature  to  light  the  gases  which  have  become  cooled 
in  their  passage  from  the  fire-box,  when  fresh  coal  is 
thrown  upon  the  grate.  Moreover,  becoming  heated  by 
their  contact  with  the  currents  of  burning  gases,  they  will 
give  out  by  radiation  a  portion  of  this  heat  to  the  boiler 
under  which  they  are  placed.  It  will  be  seen  that,  thanks 
to  the  air  distributor,  which  permits  us  to  give  all  the  air 
required  at  the  moment  when  the  coal  is  distilled,  we  can 
have  less  air  in  excess  during  the  period  which  follows 
the  distillation,  either  by  partially  closing  the  register  or 
by  increasing  the  thickness  of  the  layer  of  coal. 

One  point  which  is  somewhat  surprising  at  first  sight  is 
an  increase  in  power  which  this  system  gives  to  boilers, 
and   this   has  brought  it  into   much  favor  even   among 


2.  The  columns  or  bars  act  by  taking  up  a  portion  of 
the  heat  of  the  gases,  which  they  radiate  to  the  boiler. 

3.  Combustion  with  less  excess  of  air  permits  us  to  burn 
more  carbon  with  the  same  total  quantity  of  air  intro- 
duced through  the  grate. 

These  Criner  fire-boxes  are  also  very  good  smoke-con- 
sumers. The  Dieuze  Salt  Works,  which  have  13  of  these 
fire-boxes  and  use  a  coal  of  mixed  quality,  report  an  in- 
crease ot  29  per  cent,  in  power  with  a  saving  of  12  per 
cent,  in  fuel.  At  the  mines  of  St.  Etienne,  where  there 
are  34,  a  statement  extending  over  a  considerable  length 
of  time  gives  an  increaseof  23  percent,  in  power  and  a 
saving  in  fuel  of  15.8  per  cent.  It  may  be  noted  that  the 
air  distributor  only  may  be  applied  to  tubular  boilers 
where  the  arrangement  for  mixing  the  gases  cannot  be 
employed.     A  number  of  other  instances  might  be  cited. 

We  may  also  mention  a  new  tube  lor  tubular  boilers 
which  is  intended  to  increase  the  action  of  the  heat  of  the 
gases,  and  consequently  the  surface  of  absorption.  This 
is  the  ribbed  tube,  invented  by  M.  Serve,  of  Givors,  and 
which  is  shown  in  figs,  i  and  2,  which  give  sections  of 
tubes  of  this  kind  respectively  of  50  mm.  and  80  mm.  in 
diameter. 

We  have  heretofore,  said  that  the  radiating  power  of 
gases  being  almost  nothing,  it  follows  that  their  heat  can 
be  transmitted  only  by  contact,  and  that  the  solution  of 
the  problem  consists  in  the  increase  of  the  surface  of  con- 
tact;  it  is  for  that  reason  that  M.  Serve  has  devised  this 
new  tube.  The  gases  which  enter  the  tubes  travel  in 
parallel  layers  through  the  tube  and  the  portions  in  con- 
tact with  the  surface  are  quickly  cooled  ;  but  as  they 
always  form  the  external  part  of  the  gaseous  column,  they 
form  a  very  poor  conductor  for  the  heat  contained  in  that 
part  in  the  central  portion  of  the  tube,  so  that  the  total 
mass  reaches  the  chimney  without  having  given  up  a 
proper  quantity  of  its  heat.  M.  Serve  has  substituted  for 
the  ordinary  smooth  tube  a  tube  carrying  inside  longi- 
tudinal ribs  which  penetrate  almost  to  the  center  and  carry 
away  the  heat   from  the  gases,   saving  a   considerable 
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amount,  which  would  otherwise  be  lost,  while  the  metal, 
being  a  quick  and  easy  conductor,  carries  to  the  outside 
the  heat  of  the  different  layers  of  gases. 

The  use  of  these  tubes,  as  shown  by  experiment,  has 
increased  the  vaporizing  power  of  boilers  to  an  unexpected 
degree.  From  a  number  of  comparative  trials  made  at 
the  Arsenal  of  Brest  with  ordinary  tubes  and  with  ribbed 
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Fig.  I. 


Fig.  2. 

tubes  in  the  same  boiler,  it  was  found  that  the  average 
economy  realized  with  natural  draft  was  15  per  cent,  and 
with  forced  draft  20  per  cent.,  which  is  a  very  notable 
saving.  It  was  found,  moreover,  that  the  ribbed  tubes 
did  not  in  the  least  impede  the  draft  or  injure  the  firing 
qualities  of  the  boiler,* 

HEATING    FEED-WATER. 

There  are  two  systems  of  heating  feed-water  for  boilers. 

1.  By  the  exhaust  steam. 

2.  By  utilizing  the  Hame  or  heat  of  combustion  after  its 
passage  through  the  fire-box. 

The  majority  of  the  steam-engines  in  use  are  non-con- 
densing, and  the  exhaust  steam  is  allowed  to  escape  into 
the  air.  If  this  exhaust  steam  is  used  to  heat  the  feed- 
water  a  considerable  saving  may  be  realized. 

If  we  take  a  boiler  producing  steam  at  an  effective  pres- 
sure of  6  kg.  (about  85  lbs.),  each  kilogram  of  steam  re- 
quires 

606.5  +  0.305  /'—/'  =  65  5  —  15  =  640  calorics 

for  its  vaporization,  if  water  is  taken  from  the  reservoir  or 
tank  at  a  temperature  of  15°  Cent.  (59°  Fahr.). 

If,  on  the  other  hand,  the  temperature  of  the  water  is 


raised  to  90°  Cent.  (194°  Fahr.)  by  a  good  heater,  the  con- 
sumption of  heat  will  not  be  more  than 

655  —  90  =  565  calorics, 

and  the  saving  will  be 

(640  —  565)  X  100 


640 


=  11.7  per  cent. 


•  Similar  trials  have  been  made  recently  in  this  country  with  very  ne.-irly 
the  same  results.     It  may  be  mentioned  that  the  Serve  ribbed  tubes  are  now 
being  tested  in  actual  service  in  a  number  of  marine  builcrs,  and  arc  shortly 
to  b«  tried  in  several  locomotive  boilers. 
i 


If  the  machine  used  is  a  condensing  engine,  and  the 
water  is  taken  at  30°  Cent.,  the  amount  of  heat  required 
will  be  : 

65  s  —  30  =  625  calorics. 
If  the  water  is  raised   by  the  heater  to  90°  Cent.,  the 
amount  of  heat  will  not  be  more  than 

655  —  90  =  565  calorics t 

and  the  saving  effected  will  be  : 

(625  —  565)  X  100  , 

^ — - — —-— =  9.6  per  cent. 

This  shows  incontestably  that  heating  the  feed-water  by 
the  exhaust  steam  is  advantageous  from  an  economic 
point  of  view.  There  are  many  heaters  in  use  which  are, 
as  a  rule,  simple,  not  very  costly,  and  requiring  very  little 
care  or  expense  for  their  maintenance. 

Whenever  the  exhaust  steam  of  the  engine  is  not  utilized 
in  this  way,  we  ought,  if  the  arrangement  of  the  plant 
permits,  to  place  near  the  boilers  feed-water  heaters 
having  a  large  heating  surface  and  tubes  of  a  small  diam- 
eter* m  such  a  way  as  to  utilize  a  part  of  the  heat  car- 
ried by  the  hot  gases,  and  to  prevent  them  from  reaching 
the  chimney  at  a  temperature  over  200°  Cent.,  which  is 
more  than  enough  to  obtain  a  good  draft  when  the  pas- 
sages and  the  smoke-stack  are  properly  proportioned.} 

By  the  use  of  these  heaters  we  may  realize  an  economy 
which  will  be  not  less  than  8  per  cent.,  and  which  may 
increase  to  12  per  cent,  when  the  water  reaches  the  boiler 
at  a  temperature  from  80°  to  100°  Cent. 

The  heater  also  has  an  advantage  in  preserving  the 
boilers,  since  by  its  use  we  avoid  the  violent  expansion 
and  contraction  which  is  produced  when  the  feed-water  is 
cold.  There  is  also  the  further  advantage  that  by  heating 
the  water,  we  cause  the  precipitation  of  the  soluble  cal- 
careous deposits  which  are  found  in  the  feed-water,  where 
they  are  dissolved  by  the  presence  of  an  excess  of  car- 
bonic acid.  Under  the  action  of  a  temperature  below 
100°  Cent,  such  water  will  deposit  the  greater  part  of  the 
carbonate  of  lime  which  they  contain,  so  that  the  deposit 
in  the  boiler  will  be  very  light. 

It  should  be  well  understood  that  a  feed-water  heater  has 
no  action  upon  waters  containing  insoluble  salts,  such  as 
the  sulphate  and  chloride  of  lime,  which  are  precipitated 
only  at  the  moment  of  ebullition,  and  which  form  deposits 
attaching  themselves  firmly  to  the  most  heated  surfaces. 
The  difficulty  of  removing  these  deposits  formed  by  im- 
pure water  is  a  serious  inconvenience  in  tubulous  boilers, 
even  in  those  torms  where  the  fire-box  can  be  removed. 
The»e  boilers  require  very  pure  water,  unless  we  are  pre- 
pared to  undertake  frequent  cleanings,  which  are  some- 
times very  difficult  to  effect.  For  such  boilers  we  must 
purify  the  water  before  feeding  it,  the  result  being  that 
where  the  water  is  not  of  very  good  quality,  many  manu- 
facturers prefer  boilers  with  interior  fire-boxes,  of  a  form 
more  easy  to  clean.  The  repairs  are  then  less  frequently 
required  and  less  expensive. 

For  heaters  of  this  class  the  water  passing  through 
should  be  forced  in  the  opposite  direction  to  the  gases — 
that  is  to  say,  the  cold  water  should  reach  first  the  sur- 
faces last  exposed  to  the  action  of  the  hot  air  and  gases. 
It  is  best  also  to  keep  these  heaters  as  clean  as  possible, 
and  not  to  permit  them  to  be  covered  with  soot  or  ashes, 
in  which  case  the  results  would  be  decreased  to  a  serious 
extent. 


*  The  conducting  power  of  liquids  being  low,  to  favor  the  transmission  of 
heat  it  is  best  to  make  the  heating  surface  of  a  heater  as  large  as  possible,  and 
to  make  the  tubes  as  small  as  the  nature  of  the  water  will  permit,  in  order  to 
diminish  the  thickness  of  the  layer  of  water  to  be  heated. 

t  To  determine  the  temperature  of  the  gases  passing  to  the  smoke-stack,  we 
generally  use  a  mercurial  which  is  placed  directly  in  the  current  of  smoke,  and 
so  arranged  that  it  can  be  read  without  removing  it.  If  the  temperature  of 
.   the  gases  exceeds  330°  Cent.,  a  pyrometer  must  be  used. 
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The  influence  of  the  amount  of  air  furnished  is  much 
less  in  boilers  furnished  with  heaters  having  large  sur- 
faces, than  in  those  which  have  not  this  addition.  A  very 
slight  difference— about  3  per  cent.— exists  in  favor  of  a 
strong  draft  for  apparatus  of  this  class,  while  in  others 
there  may  easily  be  a  loss  of  12  per  cent,  where  the  draft 
is  too  strong  and  too  great  a  quantity  of  air  is  furnished. 

(to  be  continued.) 


A.^  EXPERIMENTAL  LOCOMOTIVE. 


There  is  now  being  placed  in  the  Engineering  Labora- 
tory of  Purdue  University,  at  La  Fayette,  Ind.,  a  17  x 
24-in.  Schenectady  locomotive,  which  is  to  be  so  mounted 
that  its  performance  may  be  carefully  tested  while  being 
run  under  conditions  quite  similar  to  those  of  the  track. 


Us^ 


The  engine  is  one  of  its  maker's  standard  forms,  having 
drivers  63  in.  in  diameter,  and  weighing  85,000  lbs.  It  is 
completely  equipped  with  the  Westinghouse  driver-brake 
system,  and  has  a  headlight  from  the  A.  E.  Williams 
Company,  of  Utica,  N.  Y.  The  driving-wheels  of  the 
locomotive,  instead  of  resting  upon  a  rail,  will  be  sup- 
ported by  large  wheels  mounted  on  shafts  which  are  car- 
ried by  fixed  bearings.  These  bearings  are  bolted  to  a 
heavy  foundation.  The  locomotive  is  held  in  its  position 
on  top  of  the  supporting  wheels  by  its  draw-bar,  which 
on  the  road  would  be  used  to  connect  it  with  the  train, 
but  which  in  the  present  case  is  to  be  connected  to  a 
peculiar  form  of  dynamometer  or  scale.  This  dynamom- 
eter is  to  weigh  the  pulling  tendency  exerted  by  the  en- 


gine in  a  horizontal  direction.  When  the  driving-wheels 
revolve,  the  engine,  instead  of  moving  ahead,  remains 
stationary  and  the  supporting  wheels  turn  backward.  In 
other  words,  instead  of  the  engine  moving  ahead  on  the 
track,  the  track — that  is,  the  periphery  of  the  supporting 
wheels,  moves  behind.  It  will  be  seen  that,  if  the  sup- 
porting wheels  turn  without  friction,  there  will  be  no  ten- 
dency on  the  part  of  the  engine  to  move  horizontally  in 
one  direction  more  than  another.  If,  however,  a  resist- 
ance is  offered  to  the  turning  of  the  supporting  wheels, 
the  engine  will  tend  to  move  horizontally  with  a  force 
equal  to  this  resistance.  The  plan  of  mounting  includes 
four  powerful  Alden  friction  brakes  fixed  to  the  shafts 
carrying  the  supporting  wheels.  By  means  of  these  brakes 
the  engine  may  be  loaded  with  a  pulling  resistance  which 
may  be  varied  from  almost  nothing  up  to  the  full  pulling 
capacity  of  the  engine.     By  this  means,   therefore,    the 

engine  may  be 
run  continuous- 
ly under  condi- 
tions similar  to 
those  on  the 
track,  and  it  is 
expected  that 
while  thus  run, 
many  of  the 
problems  relat- 
ing to  the  effici- 
ency of  the  loco- 
motive can  be 
much  more  care- 
fully studied 
than  when  actu- 
ally running 
along  the  road. 
A  Sturtevant 
steam  blower  is 
located  above 
the  engine,  but 
not  connected 
with  it  in  any 
way,  for  the  pur- 
pose of  taking 
up  and  carrying 
away  whatever 
may  be  dis- 
charged from 
the  locomotive 
stack.  This  in- 
sures perfect 
ventilation  and 
freedom  from 
dust  in  the  lab- 
oratory. 

It  may  be  add- 
ed that  the  loco- 
motive  de- 
scribed    in    the 

foregoing  forms 
but  a  single  fea- 
ture of  the  new 
Engineering 
Laboratory  at 
Purdue.  There 
is  besides  a  Har- 
ris Corliss  tri- 
ple-expansion condensing  engine  having  cylinders  8. 
15  and  22  in.  in  diameter  by  24  in.  stroke  ;  a  loo- 
H.P.  Babcock  &  Wilcox  boiler;  a  I2-H,P.  Otto  gas 
engine  ;  all  provided  with  accessory  apparatus  necessarv 
for  careful  work  in  testing.  There  is  also  an  experimental 
stand-pipe,  in  which  may  be  maintained  any  desired  head 
for  hydraulic  experiments,  and  in  connection  therewith 
are  high-level  and  low-level  tanks  with  weir-plates  between. 
There  are  two  Morris  centrifugal  pumps  ;  a  No.  5  Dean 
steam-pump  ;  several  injectors  ;  a  13-in.  Leffel  water- 
wheel.  There  is  also  a  100,000-lbs.  Olsen  testing  machine  ; 
a  2,ooo-lbs.  Olsen  cement  tester  ;  a  lo-H.P.  transmitting 
dynamometer  ;  a  50-H.P.  Alden  friction  brake,  and  a  large 
amount  of  small  miscellaneous  apparatus. 
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THE  FORGING  PRESS. 


(Paper  read  by  \V.  D.  Allen  before  the  British  Iron  and  Steel  Institute.) 


In  the  production  of  heavy  forgings  from  cast  ingots  of 
mild  steel,  it  is  essential  that  the  mass  of  metal  should  be 
operated  on  as  equally  as  possible  throughout  its  entire 
thickness.  When  employing  a  steam  hammer  for  this 
purpose  it  has  been  found  that  the  external  surface  of  the 
ingot  absorbs  a  large  proportion  of  the  sudden  impact  of 
the  blow,  and  that  a  comparatively  small  effect  only  is 
produced  on  the  central  portions  of  the  ingot,  owing  to 
the  resistance  offered  by  the  vis  inertia  of  the  mas.s  to  the 
rapid  motion  of  the  falling  hammer,  a  disadvantage  that 
is  entirely  overcome  by  the  slow  though  powerful  com- 
pression of  the   hydraulic  forging   press,  which  appears 


The  large  press  cylinder  D  is  fitted  and  held  in  the  top 
frame  ;  the  anvil  block  rests  in  the  bottom  frame.  Weld- 
less  steel  hoops  are  shrunk  on  to  the  cylinder  to  give  addi- 
tional strength,  as  clearly  shown  in  section.  E  is  the  main 
ram.  It  has  a  strong  shank  to  it,  which  passes  through 
the  top  of  the  cylinder,  acting  as  a  guide,  /^is  a  steam 
cylinder  with  piston,  the  piston-rod  of  which  passes 
through  the  gland  at  the  bottom  of  the  cylinder  and  is 
attached  to  the  shank  of  the  ram.  6^  is  a  cross-head 
working  in  guides,  thus  preventing  the  ram  from  turning 
round. 

The  force-pumps  may  be  appropriately  termed  "  du- 
plex," the  ends  of  faces  of  the  two  plungers ////advancing 
and  receding  to  and  from  each  other  simultaneously  at 
each  stroke.  They  work  into  opposite  ends  of  the  pump 
cylinder  /.  This  cylinder  has  no  bottom,  and  becomes 
simply  a  strong  tube.     The  two  plungers  are  worked  by  a 


HYDRAULIC   FORGING   PRESS. 


destined  to  supersede  the  steam  hammer  for  the  produc- 
tion of  massive  steel  forgings. 

The  press  now  brought  under  notice  was  designed  to 
be  more  or  less  automatic  or  self-acting,  and  to  insure 
the  perfect  parallelism  both  of  flat  or  square  masses  and 
of  round  shafts  without  being  dependent  for  their  truth 
on  the  skill  of  ihe  operator. 

The  forging  press  about  to  be  described  has  been  erected 
and  in  operation  some  time.  It  works  most  satisfactorily, 
and,  on  the  whole,  is  found  to  be  a  most  efficient  and  useful 
tool. 

In  this  press  the  force-pump  and  the  large  or  main  cyl- 
inder of  the  press  are  in  direct  and  constant  communica- 
tion. There  are  no  intermediate  valves  of  any  kind,  nor 
has  the  pump  any  clack-valves,  but  it  simply  forces  its 
cylinder  full  of  water  direct  into  the  cylinder  of  the  press, 
and  receives  the  same  water,  as  it  were,  back  again  on 
the  return  stroke.  Thus,  when  both  cylinders  and  the 
pipe  connecting  them  are  both  full,  the  large  ram  of  the 
press  rises  and  falls  simultaneously  with  each  stroke  of 
the  pump,  keeping  up  a  continuous  oscillating  motion  ; 
the  ram,  of  course,  traveling  the  shorter  distance,  owing 
to  the  larger  capacity  of  the  press  cylinder. 

The  diagram  herewith  shows  the  press  and  pumps. 
The  top  and  bottom  portions  of  the  framing /I  A  are  alike, 
and  from  the  same  pattern,  each  consisting  of  two  cast- 
ings, held  by  bolts  and  steel  hoops,  as  shown. 

The  main  columns  B  B  dire,  hollow;  they  have  annular 
projections  or  rings  C  C  cast  at  each  end,  which  fit  into 
corresponding  recesses,  cast  in  the  top  and  bottom  frame 
pieces. 


three-throw  cranky,  the  two  side  throws  of  which  are  on 
exactly  opposite  centers  to  the  middle  throw.  The  two 
side  throws  give  motion  to  the  plunger  furthest  from  the 
crank,  and  the  strain  is  a  thrust  or  push.  By  this  arrange- 
ment it  will  be  observed  that  an  absolute  balance  of  force 
is  obtained,  and  all  strains  between  the  crank  and  pump 
are  avoided. 

As  before  observed,  a  free  communication  is  at  all 
times  maintained  between  the  pump  cylinder  and  the  press 
cylinder.  This  is  done  through  the  pipe  K,  and  when  all 
are  full  of  water,  and  the  engine  working,  an  ascending 
and  descending  motion  is  imparted  to  the  press  ram  at 
each  revolution  of  the  crank,  the  descending  motion  being 
given  by  the  press  plungers  ////,  advancing  toward  each 
other  and  forcing  the  contents  of  the  pump  cylinder  into 
the  press  cylinder,  the  ascending  motion  taking  place  by 
means  of  the  steam  piston,  which,  on  the  return  stroke, 
raises  the  ram.  and  forces  the  water  back  on  to  the  pump 
plungers  as  they  recede  from  each  other  ;  so  that  as  long 
as  there  is  no  waste  of  water  by  leakage,  and  its  quantity 
is  not  increased  or  decreased,  the  press  ram  will  continue 
to  oscillate  at  the  same  distance  from  the  anvil,  and  could 
only  operate  on  work  of  that  exact  size.  The  ram  has, 
therefore,  to  be  raised  or  lowered  to  suit  the  various  re- 
qviirements  of  work  in  hand,  and  to  effect  this  a  source  of 
supply  of  water  under  a  pressure  of  about  250  lbs.  has  to 
be  provided,  which,  when  admitted  into  the  press  cylinder, 
has  sufficient  force  to  overcome  the  power  of  the  steam  in 
the  steam  cylinder,  sending  the  steam  back  into  the 
boilers.  By  this  means  the  ram  is  rapidly  brought  down 
any  required  distance  ;  on  the  other  hand,  the  power  of 
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steam  immediately  raises  the  ram  upon  the  water  being 
allowed  to  escape. 

The  valve  used  for  the  rapid  admission  and  escape  of 
water  becomes,  therefore,  rather  an  important  feature  and 
is  shown  in  fig.  2.  It  consists  of  a  cylindrical  casing,  hav- 
ing a  hollow  cylindrical  valve  or  plunger,  working  end- 
wise through  hydraulic  leathers  ;  at  each  end  of  this  valve 
or  plunger  very  fine  slits  are  sawn  lengthwise  through  its 
sides  or  walls.  The  principle  of  the  valve  is  the  allowing 
of  the  admission  and  escape  of  water  through  the  fine 
sliis,  by  moving  the  valve  endwise  until  the  fine  slits  pass 
the  hydraulic  leather  ;  the  set  of  slits  at  one  end  of  the 
valve  being  for  the  admission  of  water,  and  those  at  the 
other  for  the  escape. 

L  is  the  casing  bored  through  and  fitted  with  hydraulic 
leathers  shown  m  section,  ^/is  the  inlet,  iV  the  outlet, 
and  O  a  passage  into  the  pipe  K.  The  valve  or  plunger 
is  fitted  pretty  freely  into  the  casing,  and  is  capable  of 
being  removed  endwise  It  is  hollow,  with  a  solid  division 
in  the  center,  the  hollow  forming  a  sort  of  cup  on  each 
side  of  the  solid  part,  and  through  the  side  walls  of  these 
cups  the  fine  slits  are  cut. 

When  it  is  desired  to  bring  the  press  ram  down,  the 
valve  is  moved  endwise  to  the  left  until  the  hne  slits  pass 
the  hydraulic  leather,  and  a  passage  is  thereby  opened 
from  the  inlet  M  through  the  slits,  and  water  is  admitted 
into  the  passage  O,  and  then  on  to  the  pipe  K,  and  the 
ram  at  once  descends.  When  it  is  desired  to  raise  the 
ram  the  valve  is  moved  to  the  right,  and  water  passes  out 
through  the  other  set  of  slots,  and  away  by  the  outlet  N, 
and  the  ram  at  once  ascends  by  the  action  of  the  steam. 

It  should  be  observed  that  at  the  time  the  slits  pass  the 
leather  the  low  pressure  only  is  in  operation,  and  at  the 
moment  of  impact  of  the  ram  upon  the  work  the  valve  is 
always  in  its  neutral  position,  the  position  shown  in  the 
diagram,  the  plain  body  of  the  central  portion  of  the 
valve,  with  a  cup  leather  on  each  side,  being  all  that  is 
exposed  to  the  great  pressure. 

The  proper  time  for  the  additional  water  is  when  the 
pump  plungers  are  receding  from  each  other,  and  the 
valve  should  always  be  put  in  its  neutral  position  before 
the  ram  face  comes  upon  the  work.  This  arrangement  of 
valve  is  found  to  operate  most  successfully,  and  the  change 
of  position  of  the  ram  is  effected  as  quickly  as  is  necessary 
or  desirable.  The  valve,  being  in  perfect  equilibrium,  is 
most  easily  worked  by  a  handle,  brought  to  a  convenient 
position  for  the  operator  to  see  the  work  in  hand. 

The  ram  may  be  raised  or  lowered  for  its  entire  range 
in  very  few  seconds.  It  can  be  brought  down  to  the 
greatest  nicety  a  little  lower  down  each  stroke,  enabling 
forgings  to  be  made  correct  to  dimensions,  or  in  case  of 
any  sudden  occurrence,  when  it  is  found  undesirable  for 
the  impending  pressure  to  take  place,  the  stroke  can  in- 
stantly be  averted  by  moving  the  valve  to  the  right, 
although  the  face  may  even  be  in  contact  with  the  work. 
The  ram,  in  fact,  is  perfectly  under  control,  and  almost 
as  lively  as  the  tup  of  a  hammer.  An  accumulated  power 
is  obtained  by  two  heavy  fly-wheels  on  the  crank-shaft  of 
the  pumps,  the  momentum  of  which  imparts  very  great 
force  at  the  moment  of  impact  of  the  ram.  at  which  time 
the  cranks  approach  and  turn  their  centers. 

As  a  security  against  accident,  and  a  precaution  against 
this  force  becoming  too  great,  a  system  of  safety-valves  has 
been  devised  (although  not  shown  in  the  diagrams).  It 
consists  simply  of  a  steam  cylinder  and  piston,  the  piston- 
rod  of  which  works  into  a  small  hydraulic  cylinder  that  is 
in  constant  connection  with  pipe  K.  Steam  is  admitted 
into  the  steam  cylinder  at  the  opposite  end  to  that  of  the 
piston-rod,  and  when  the  hydraulic  pressure  on  the  end 
of  the  piston-rod  becomes  sufficient,  it  forces  the  steam 
back  into  the  boilers.  Thus,  if  the  steam  piston  is  60  in. 
in  diameter,  and  the  piston-rod  6  in.  in  diameter,  and  the 
pressure  of  steam  50  lbs.  per  circular  inch,  a  hydraulic 
pressure  on  the  end  of  the  piston-rod  of  5,000  lbs.  per 
circular  inch  will  be  an  equivalent,  and  a  pressure  exceed- 
ing that  will  force  the  steam  back  into  the  boilers,  and 
relief  for  the  water  will  thereby  be  obtained. 

The  press  ram  makes  a  stroke  of  2|  in.,  and  its  diam- 
eter is  30  in.,  so  that  at  a  pressure  of  3  tons  per  square 
inch  (deducting  the  area  of  the  sh^nk)  we  haye  a  power 


of  1,700  tons.  But,  of  course,  no  pressure  is  developed 
until  resistance  takes  place;  hence  no  power  is  lost  or 
consumed  (except  what  is  lost  by  friction)  until  the  ram 
face  comes  into  actual  contact  with  the  work,  and  then 
sufficient  pressure  only  is  developed  and  consumed  to  do 
the  work.  The  press  was  fitted  by  W.  &  J.  Galloway  & 
Sons,  of  Manchester,  and  with  the  exception  of  the  steam 
cylinder  F,  is  constructed  entirely  of  steel.  The  form  and 
strength  of  all  the  parts  have  proved  to  be  capable  of  sus- 
taining the  sudden  and  great  strains  to  which  they  are 
subjected,  and  no  springing  or  flinching  takes  place— the 
ram  always  descending  to  the  same  spot,  whether  it  has 
to  press  2  in.  into  an  ingot,  or  has  nothing  to  do.  This 
has  been  found  useful  in  rounding-up,  for  when  the  ram 
is  once  brought  down  to  the  right  point  to  give  the  re- 
quired diameter,  the  work  has  only  to  be  regularly  turned 
round.  Of  course  all  has  to  be  dead  tight,  but  there  are 
no  joints  except  cupped  leather  ones,   and  very  few  of 

those. 
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By  C.  B,  Dudley,  Chemist,  and  F.  N.  Pease,  Assist- 
ant Chemist,  of  the  Pennsylvania  Railroad. 


(Copyright,  1889,  by  C.  B.  Dudley  and  F.  N.  Pease.) 


(^Continued  from  fa^e  494.) 


Our  specifications  for  soap  have  been  revised  twice  or 
three  times,  and  need  another  levision  in  one  or  two  par- 
ticulars, which  we  will  mention  a  little  later.  The  specifi- 
cations at  present  in  force  are  as  follows  : 

PENNSYLVANIA    RAILROAD   COMPANY. 

Motive  Power  Department. 

Specifications  for  soap. 

All  soap  will  be  bought  by  the  pound.  A  shipment  of  toilet 
soap  or  common  soap  having  been  received,  one  cake  or  bar 
taken  at  random  will  be  subjected  to  examination,  and  the  ship- 
ment will  be  accepted  or  rejected  on  this  sample  cake  or  bar. 
The  amount  of  soap  to  be  paid  for  in  a  shipment  of  toilet  and 
common  soap  will  be  determined  by  the  amount  of  combined 
alkali  or  its  equivalent  in  the  shipment,  and  this  will  be  deter- 
mined by  multiplying  the  amount  of  combined  alkali  in  the 
sample  cake  or  bar  by  the  number  of  cakes  or  bars  in  the  ship- 
ment, and  dividing  this  product  by  the  amount  of  combined 
alkali  in  a  pound  of  soap  as  detailed  below.  The  amount  of 
detergent  for  cleaning  paint  and  varnish  in  a  shipment  will  be 
determined  by  the  net  weight  of  the  material  as  received. 


*  The  above  is  one  of  a  series  of  articles  by  Dr.  C.  B.  Dudley,  Chemist, 
and  F.  N.  Pease.  Assistant  Chemist,  of  the  Pennsylrania  Railroad,  who  are  in 
charge  of  the  testing  laboratory  at  Altoona. 

The  articles  will  contain  information  which  cannot  be  foumd  elsewhere. 
No.  I,  in  the  Journal  for  December,  1889,  is  on  the  Work  of  the  Chemist  oa  a 
Railroad  ;  No.  II,  in  the  January,  1890,  number,  is  on  Tallow,  describing  its 
impurities  and  adulterations,  and  their  injurious  effects  on  the  machinery  to 
which  it  is  applied  ;  No.  Ill,  in  the  February  number,  and  No.  IV,  in  the 
March  number,  are  on  Lard  Oil  ;  No.  V,  in  the  April  number,  and  No.  VI, 
in  the  May  number,  on  Petroleum  Products  ;  No.  VII.  in  the  June  number, 
on  Lubricants  and  Burning  Oils;  No.  VIII,  in  the  July  number,  on  the 
Method  of  Purchasing  Oils  ;  No.  IX,  also  in  the  July  number,  on  Hot  Box  and 
Lubricating  Greases  ;  No.  X,  in  the  August  number,  on  Battery  Materials; 
No.  XI,  in  the  September  number,  on  Paints  ;  No.  XII,  in  the  October  num- 
ber, on  the  Working  Qualities  of  Paint  ;  No.  XIII,  m  the  December,  1800, 
number,  on  the  Drying  of  Paint  ;  No.  XIV,  in  the  February  number,  on  tne 
Covering  Power  of  Pigments  ;  No.  XV,  in  the  April  number,  on  How  to  D«- 
siga  a  Paint  ;  No.  XVI,  in  the  May  number,  on  Paint  Specifications  ;  No. 
XVII,  in  the  June  number,  on  the  same  subject,  and  No.  XVIII,  also  in  June, 
on  the  Livering  of  Paint  ;  No.  XIX,  in  the  July  and  August  numbers,  on  How 
to  Design  a  Paint  ;  No.  XX,  in  the  September  number,  on  Di'-infectants  ;  No. 
XXI,  in  the  October  number,  on  Mineral  Wool,  and  No.  XXII,  ia  the  same 
number,  on  Wood  Preservative  ;  No.  XXIII,  in  the  November  number- 
continued  above — on  Soap. 

These  chapters  will  bt  followed  by  others  on  diflereat  kind*  of  railroad  sup- 
plies. Managers,  superintendents,  purchasing  agents  and  others  will  find 
these  Contributions  to  Practical  Railroad  Information  of  special 
value  in  indicating  the  truecharacter  of  the  piatcrialsthey  must  use  and  buy. 
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Toilet  Soap. 

The  material  desired  under  this  specification  is  a  neutral  soda 
soap,  as  free  as  possible  from  water,  mineral  matter,  carbon- 
ated alkali  and  uncombined  caustic  alkali.  It  may  contain 
glycerine  and  sugar,  or  may  be  free  from  them,  and  may  be 
either  transparent  or  opaque.  The  cakes  should  weigh  about 
4  ounces  each.  The  shape  of  cake  preferred  is  oval,  about  3^ 
inches  by  iy%  inches,  with  edges  about  \i  inch  thick,  and  the 
thickness  of  cake  in  the  center  about  \%  inches.  The  color 
preferred  is  somewhat  lighter  than  that  of  Brown  Windsor.  The 
perfume  should  have  the  characteristic  odor  of  Lavender,  and 
should  not  add  over  five  (5)  cents  per  pound  to  the  cost  of  the 
soap.  It  is  desired  to  have  the  cakes  stamped  on  one  side 
with  the  initials  of  the  Road  to  which  the  soap  is  furnished, 
and  each  wrapped  in  soft  paper.  The  manufacturer  may  put 
his  stamp  on  the  opposite  side  of  the  cake. 

In  determining  the  amount  of  soap  in  a  shipment,  630  grains 
of  combined  alkali,  reckoned  as  soda  [NaaO],  will  be  regarded 
as  a  pound  of  soap.  Also  in  the  glycerine  or  transparent  soaps 
the  glycerine  and  sugar  will  be  paid  for,  each  five  (5)  grains  of 
glycerine  and  each  twenty  (20)  grains  of  sugar  being  received 
in  place  of  and  regarded  as  the  equivalent  of  one  (i)  grain  of 
combined  alkali.  Transparent  soaps  which  contain  less  than 
<;oo  grains  of  combined  alkali,  reckoned  as  soda  [Na^O],  or 
more  than  t.ooo  grains  of  glycerine  or  more  than  700  grains  of 
sugar  per  pound,  are  not  desired. 

Toilet  soap  will  not  be  accepted  which  shows  on  analysis 
more  than  one-fourth  of  one  per  cent,  of  mineral  matter  or 
more  than  one-fourth  of  one  per  cent,  of  carbonated  alkali, 
reckoned  as  carbonate  of  soda  [NaaCosji  or  more  than  one-halt 
of  one  per  cent,  of  uncombined  caustic  alkali,  reckoned  as  caus- 
tic soda  [NaOH],  or  more  than  one  per  cent,  of  common  salt  ; 
nor  if  a  cylinder  of  the  soap  y^  inch  in  diameter,  and  one  inch 
high,  cut  from  the  center  of  the  cake,  fails  to  sustain  a  weight 
of  15  pounds  for  five  minutes  without  crushing  or  compressing 
more  than  ^^  inch.  Also  Toilet  Soaps  made  so  largely  of 
cocoanut  oil,  palm  oil,  palm-nut  oil,  or  other  fat  of  characteristic 
smell  that  they  leave  their  peculiar  odor  on  the  hands,  will  not 
be  accepted. 

Common  Soap. 

The  material  desired  under  this  specification  is  a  neutral  soda 
soap  as  free  as  possible  from  mineral  matter,  carbonated  alkali, 
common  salt,  and  uncombined  caustic  alkali.  It  should  be 
carefully  cut  in  bars  weighing  about  a  pound  each. 

In  determining  the  amount  of  soap  in  a  shipment,  525  grains 
of  combined  alkali,  reckoned  as  soda  [NajO],  will  be  regarded 
as  a  pound  of  soap.  No  allowance  is  made  for  glycerine  or 
sugar  in  this  grade  of  soap. 

Common  soap  will  not  be  accepted  which  shows  on  analysis 
more  than  one-fourth  of  one  per  cent,  of  mineral  matter,  more 
than  one-fourth  of  one  per  cent,  of  carbonated  alkali,  reckoned 
as  carbonate  of  soda  [NajCos],  more  than  one-half  of  one  per 
cent,  of  uncombined  caustic  alkali,  reckoned  as  caustic  soda 
[NaOH],  or  more  than  one  per  cent,  of  common  salt,  nor  if  a 
cylinder  Jg  in.  in  diameter  and  one  inch  long  cut  from  the  center 
of  the  bar  when  received  fails  to  sustain  a  weight  of  five  (5)  lbs. 
for  five  (5)  minutes  without  crushing  or  compressing  more 
than 


i« 


in. 


Detergent  for  Cleaning  Paint  and  Vatnish. 


The  material  desired  under  this  specification  is  a  mixture  of 
powdered  soap  and  tripoli  or  pulverized  pumice-stone.  The 
proportions  of  the  two  ingredients  desired  are  70  per  cent, 
tripoli  or  pulverized  pumice-stone,  and  30  per  cent.  soap.  The 
tripoli  or  pumice-stone  should  be  very  fine  and  free  from  hard 
particles.  The  soap  should  be  as  free  as  possible  from  water, 
carbonated  alkali,  uncombined  caustic  alkali  and  common  salt, 
and  should  be  finely  ground. 

This  material  will  not  be  accepted  if  the  proportion  of  tripoli 
or  pumice  is  less  than  65  per  cent,  or  more  than  75  per  cent., 
nor  if  it  shows  on  analysis  more  than  o.  10  per  cent,  of  carbo- 
nated alkali  reckoned  as  carbonate  of  soda  [NajCos],  more 
than  0.20  per  cent,  of  uncombined  caustic  alkali  reckoned  as 
caustic  soda  [NaOH],  more  than  0.30  per  cent,  of  common  salt, 
more  than  5  per  cent,  of  water,  or  if  it  contains  any  other  sub- 
stances than  soap  and  tripoli  or  pumice,  nor  if  the  tripoli  or 
pumice  is  so  coarse  or  contains  such  hard  particles  that  it 
scratches  the  varnish. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 

Office  of  ^General  Superintendent  Motive  Power,  Altoona, 
Pa.,  January  3,   188S. 

With  regard  to  the  above  specifications,  it  will  be  noted 
we  do  not  buy  soap  by  the  cake,  but  rather  by  the  pound, 


and  that  although  the  manufacturers  possibly  many  times 
claim  to  make  each  cake  weigh  a  pound,  we  do  not  accept 
this  as  final.  It  will  also  be  noted  that  we  really  have 
placed  our  valuation  of  the  soap  on  the  amount  of  com- 
bined alkali  that  it  contains.  This  is  in  accordance  with 
the  explanation  given  in  the  early  part  of  this  article,  that 
it  is  really  the  alkali  combined  with  the  fat  that  we  want 
for  detergent,  not  the  free  alkali  or  the  carbonated  alkali, 
but  the  alkali  combined  with  the  fat.  One  difficulty  has 
arisen  in  regard  to  this  method  of  buying  soap — namely, 
the  bill  cannot  be  paid  until  the  chemical  analysis  is  made. 
A  number  of  other  plans  were  tried,  but  nothing  has  been 
found  that  was  as  successful  as  this,  and  all  the  annoyance 
that  now  results  is  that  parties  may  have  to  wait  three  or 
four  days  longer  for  their  money.  This  has  not  thus  far 
in  practice  proved  a  serious  difficulty.  One  point  further. 
It  will  be  noted  that  the  analysis  on  which  the  shipment  is 
paid  for,  and,  indeed,  the  whole  transaction,  is  based  on 
a  single  cake  of  soap  selected  at  random  from  the  ship- 
ment. If  this  single  cake  happens  to  be  larger  than  the 
average  of  the  shipment,  the  manufacturer  gets  pay  for  a 
little  more  soap  than  the  shipment  really  contains.  If  the 
single  cake  happens  to  be  a  little  smaller  than  the  average 
of  the  shipment,  the  manufacturer  does  not  get  pay  for 
quite  as  much  soap  as  the  shipment  contains.  It  is 
believed  that  these  things  will  equalize  themselves  in  the 
long  run,  and  as  the  requirements  of  our  specifications  are 
moderately  strict,  we  have  only  found  a  few  parties  who 
were  willing  to  take  the  pains  necessary  to  make  as  good 
a  soap  as  we  desire,  and  consequently  their  orders  have 
been  moderately  continuous. 

One  peculiar  concomitant  of  this  method  of  buying  and 
paying  for  soap  has  resulted.  Of  course  the  manufac- 
turers are  desirous  of  selling  as  much  soap  as  possible. 
If,  now,  they  receive  an  order  for  100  lbs.  of  soap,  and 
send  100  bars,  each  of  which  contains  combined  alkali—a 
little  less  than  enough  to  make  a  pound  of  soap — they  will 
not  sell  as  much  soap  as  the  order  calls  for.  On  the  other 
hand,  if  each  bar  contains  a  little  more  combined  alkali 
than  the  equivalent  of  a  pound  of  soap,  the  manufacturer 
is  paid  for  a  little  more  soap  than  the  order  calls  for.  Jn 
general,  a  bar  that  weighs  exactly  one  pound  as  the  manu- 
facturer ships  it,  will  rarely  contain  quite  as  much  com- 
bined alkali  as  is  the  equivalent  ot  a  pound  of  soap  accord- 
ing to  specifications,  owin«r  to  the  fact  that  much  of  the 
soap  is  sold  soon  after  it  is  made,  and  contains  rather 
more  water  than  a  well-seasoned  soap  should  contain. 
We  accordingly  find  that  almost  all  the  manufacturers 
who  supply  us  with  soap  are  cutting  all  the  bars  a  little 
heavy,  both,  as  said  above,  to  counterbalance  the  water, 
which  is  a  varying  constituent,  and  also  because  they 
know  they  get  paid  for  all  the  soap  there  is  in  the  ship- 
ment, even  though  it  may  exceed  the  amount  ordered.  A 
parallel  to  this  is  found  in  the  oil  trade.  Originally  a 
barrel  of  oil  contained  42  gallons,  but  as  oil  is  usually 
bought  by  the  barrel,  the  size  of  the  barrel  has  gradually 
crept  up  until  now  very  few  barrels  contain  less  than 
50  gallons.  So  with  the  soaps.  We  have  seen  many  bars 
of  soap,  which  nominally  weighed  a  pound,  which  did  not 
weigh  over  11,  12,  or  13  ounces.  The  bars  in  our  ship- 
ments now  almost  universally  weigh  over  a  pound.  A 
little  reflection  will  convince  every  one  that  the  only  fair 
way  to  buy  .soap  is  by  the  actual  value  given,  and  that  the 
method  which  we  have  adopted  is  not  only  fair  to  the 
consunier,  but  also  to  the  manufacturer. 

The  peculiarities  of  the  specifications  for  toilet  soap 
are,  perhaps,  sufficiently  evident  without  much  comment. 
The  glycerine  and  sugar  mentioned,  as  will  be  observed, 
are  measured  in  value  in  terms  of  combined  alkali.  The 
ratios  used  were  based  on  the  relative  commercial  prices 
of  the  articles  involved.  It  is  in  the  matter  of  sugar  and 
glycerine  that  our  soap  specifications  need  revision,  and 
we  will  explain  this  a  little  later,  when  we  come  to  de- 
scribe the  chemical  methods  of  determining  the  different 
constituents.  We  have  had  little  difficulty  in  getting 
soaps  that  were  within  the  limits  for  mineral  matter,  for 
caustic  alkali,  and  for  free  carbonated  alkali,  and  common 
salt  given  in  the  specifications.  Many  times  manufac- 
turers who  do  not  know  accurately  what  they  are  doing 
find  that  their  soaps  do  not  fill  our  requirements,  but  it  is 
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believed,  after  some  six  or  eight  years*  experience,  that  the 
requirements  are  not  excessively  difficult.  It  will  be  ob- 
served that  no  limitation  is  placed  on  the  manufacturers 
as  to  the  kind  of  fat  acid  they  shall  use,  except  in  the 
toilet  soap,  that  those  which  leave  a  characteristic  dis- 
agreeable odor  on  the  hands  shall  be  avoided.  Otherwise 
than  this  the  manufacturers  can  use  any  materials  so  long 
as  they  fill  the  requirements. 

Upon  this  point  it  may  be  well  to  say  that  the  physical 
test  for  hardness  was  devised  as  a  simple  means  of  con- 
trolling the  kind  of  acids  used.  If  the  soap  is  made  of  all 
rosin,  and  shipped  before  it  is  dried  cut  at  all,  it  would 
not  stand  the  physical  test,  and  the  same  is  true  of  a 
number  of  the  other  fats.  In  order  to  meet  this  difficulty, 
and  at  the  same  time  not  go  into  the  question  of  specify- 
ing what  kind  of  fats  should  be  used,  we  devised  the 
physical  test,  and  it  has  served  our  purpose  charmingly. 

It  will  be  observed  that  in  the  common  soap  the  amount 
of  combined  alkali  that  is  equivalent  to  a  pound  of  soap  is 
considerably  less  than  toilet  soap.  This  is  due  to  the  fact 
that  in  toilet  soap  there  is  much  less  water  than  in  com- 
mon soap.  The  ordinary  common  soap  contains  not  far 
from  one-third  of  its  weight  water,  especially  if  the  soap 
is  fresh.  Toilet  soap  generally  does  not  contain  more 
than  5. CO  to  8.oo  per  cent,  water.  Due  to  this  presence  of 
water  rendering  the  soap  softer,  the  physical  test  is  much 
less  severe  for  toilet  soap  than  for  common  soap.  In  the 
detergent  for  cleaning  paint  and  varnish,  the  quality  of 
the  soap,  so  far  as  amount  of  free  caustic  and  carbonated 
alkali  are  concerned,  is  the  same  as  in  the  common  soap, 
our  idea  being  to  limit  the  damage  to  the  varnish,  due  to 
this  constituent,  as  much  as  possible.  We  have  had  very 
little  difficulty  in  getting  this  article  in  the  market,  al- 
though there  is  chance  for  some  improvement  in  the  manu- 
facture. The  material  should  be  in  the  form  of  a  powder, 
and  as  most  of  the  shipments  which  we  receive  are  a  little 
lumpy,  which  we  regard  as  objectionable,  it  is  entirely 
possible  that  in  the  next  issue  of  the  specifications  a  pro- 
viso will  be  introduced  to  overcome  this  difficulty. 

A  circular  giving  directions  for  the  use  of  detergent  for 
Cleaning  Paint  and  Varnish  has  been  issued.  The 
directions  in  this  circular  will  undoubtedly  be  understood 
by  what  has  preceded.  The  oil  treatment  recommended, 
following  the  use  of  the  detergent,  has  been  found  to  be 
quite  valuable,  so  much  so  that  a  car  properly  cleaned 
with  detergent,  and  gone  over  carefully  with  linseed-oil, 
looks  almost  as  good  as  new,  provided  the  varnish  has 
not  become  cracked.  The  gloss  is  largely  restored,  and 
the  inequalities  of  the  surface  are  largely  filled  by  this 
layer  of  oil.  Of  course  if  the  varnished  surface  has  become 
cracked  nothing  will  restore  this  that  we  know  of  except 
revarnishing.     The  following  in  the  circular  : 

PENNSYLVANIA   RAILROAD   COMPANY. 

Motive  Power  Department. 

DIRECTIONS   FOR   USING   DETERGENT   FOR    CLEANING   PAINT  AND 

VARNISH. 

The  ordinary  common  soap  used  in  cleaning  paint  and  var- 
nish has  a  very  destructive  action  on  the  varnish,  dissolving  it 
rapidly  ;  a  car  cleaned  two  or  three  times  with  strong  soap 
suds  must  be  revarnished  and  in  some  cases  repainted.  To 
diminish  this  destructive  action  of  the  alkali  in  the  soap,  is  the 
object  of  the  detergent  for  cleaning  paint  and  varnish.  This 
detergent  is  a  mixture  of  tripoli  or  pulverized  pumice-stone 
with  powdered  soap,  and  its  cleansing  power  comes  from  the 
slight  solvent  action  of  the  soap  and  the  scouring  action  of  the 
tripoli  or  pumice-stone.  The  varnish  or  paint  is  destroyed  to  a 
certain  extent  by  the  detergent,  but  the  destructive  action  is 
very  much  less  than  with  soap  suds.  This  material  should  be 
used  in  accordance  with  the  following  : 

Directions. 

Go  over  the  surface  to  be  cleaned  with  a  wet  sponge,  piece  of 
waste  or  cloth,  which  has  been  dipped  in  the  dry  detergent. 
Use  plenty  of  the  material  but  not  much  water,  and  rub  until 
the  dirt  is  detached  from  the  surfaces.  Wash  thoroughly  with 
clean  water,  using  sponge,  hose,  or  soft  washing  brush.  Allow 
the  surface  to  become  dry  and  then  give  it  a  light  coat  of 
raw  linseed-oil,  using  a  piece  of  waste  or  a  cloth  ;  what  is 
known  as  rubbing  oil  may  be  used  also  for  the  purpose  ;  care 
should  be  taken  to  leave  only  a  very  thin  layer  on  the  surface. 


The  oil  replaces  much  of  the  paint  or  varnish  which  has  been 
removed  by  the  detergent. 

The  oily  waste  or  rags  should  be  disposed  of  with  great  care, 
as  they  are  quite  liable  to  take  fire  from  spontaneous  combus- 
tion. Thev  should  never  be  left  in  the  cars,  thrown  on  the 
ground  or  floor,  or  put  away  with  the  cleaning  utensils  ;  when 
practicable  they  should  be  burned. 

Theodore  N.  Ely, 
General  Superintendent  Motive  Power. 

Offite  of  General  Superintendent  Motive  Power,  Altoona,  Pa., 
March  lb,  i888. 

The  chemistry  required  in  our  specifications  presents 
some  problems  of  considerable  interest,  and  we  have  put 
a  good  deal  of  study  on  this  subject,  and  are  inchned  to 
think  that  at  least  our  method  of  determining  caustic 
alkali  in  soaps  is  not  in  common  use.  Indeed,  we  may  go 
a  step  farther,  and  say  we  do  not  know  of  any  other 
method  which  will  give  the  free  caustic  alkali  in  a  soap 
except  the  one  which  we  use.  We  determine  in  soaps  the 
excess  of  caustic  alkali,  the  carbonated  alkali,  the  com- 
bined alkali,  the  mineral  matter,  the  common  salt,  make 
physical  test,  and  weigh  the  cake.  The  reasons  for  the 
weight  of  the  cake,  the  physical  test,  and  the  method  of 
making  the  physical  test  are  sufficiently  clear  from  the 
specifications. 

The  common  salt  is  determined  by  decomposing  a 
weighed  sample  of  the  soap  with  dilute  sulphuric  acid, 
sometimes  with  the  addition  of  a  little  oil  to  dissolve  the 
separated  fat  acid,  in  order  to  facilitate  decomposition. 
After  the  decomposition  is  complete  the  beaker  is  chilled, 
and  the  fat  acids  become  a  cake.  They  are  then  removed 
and  washed.  If  it  is  desired  to  be  strictly  accurate,  a 
second  melting  of  these  fat  acids  with  distilled  water,  so 
as  to  secure  complete  removal  of  every  trace  of  common 
salt  from  the  cake,  is  made  use  of.  The  solution  contain- 
ing the  common  salt  is  filtered  and  then  neutralized  with 
carbonate  of  soda,  and  then  titrated  with  standard  nitrate 
of  silver  solution,  using  neutral  chromate  of  potash  as  the 
indicator. 

The  mineral  matter  and  the  carbonated  alkali  are  de- 
termined in  one  operation.  A  weighed  amount,  five 
grammes  of  the  soap,  is  dissolved  in  alcohol.  If  we  de- 
sire to  be  strictly  accurate  in  our  carbonate  of  soda  deter- 
mination, we  use  absolute  alcohol,  since  carbonate  of 
soda  is  slightly  soluble  even  in  9S-per  cent,  alcohol.  For 
common  purposes,  however,  ordmary  95-per  cent,  alcohol 
does  very  well.  The  soap  dissolves  readily,  especially 
under  the  influence  of  heat.  As  soon  as  solution  is  com- 
plete, it  is  filtered  through  paper  or  in  a  Gooch  crucible 
and  washed  with  alcohol.  The  carbonate  of  soda  and 
the  mineral  matter  remain  on  the  filter.  When  washing 
is  complete,  the  carbonate  of  soda  is  dissolved  from  the 
filter  by  means  of  water,  and  is  subsequently  determined 
by  the  well-known  methods  of  alkalimetry,  using  phenol- 
phtaline  for  the  indicator.  The  mineral  matter  remains  on 
the  filter,  and  is  determined  by  ignition  of  the  filter  or  dry- 
ing with  Gooch  crucible,  and  weighing  in  the  ordinary  way. 
If  silicate  of  soda  is  a  constituent  of  the  soap,  our  experi- 
ence indicates  that  quite  a  large  portion  of  this  will  ap- 
pear in  the  caustic  alkali  determination,  which  will  now 
be  described,  and  will  render  the  amount  of  that  constitu- 
ent so  high,  that  the  soap  would  be  rejected  on  account 
of  caustic  alkali.  It  also  shows  a  tendency  to  break  up 
in  the  alcohol  solution  used  in  determining  the  carbonate 
of  soda  and  mineral  matter,  as  above  described,  so  that 
we  are  inclined  to  think  we  catch  this  element  in  one  of 
these  two  places.  If  not,  it  would,  of  course,  appear  later 
in  the  determination  of  the  combined  alkali. 

The  excess  of  caustic  alkali  in  soap  is  determined  as 
follows  :  A  standard  solution  of  stearic  acid  in  alcohol  is 
prepared  and  its  titer  accurately  determined.  The  solu- 
tion that  we  use  contains  about  seven  and  a  half  grammes 
of  stearic  acid  to  the  liter  of  alcohol.  The  absolute 
amount  is  not  essential,  but  the  titer,  in  terms  of  the 
standard  alkali,  must,  of  course,  be  known.  Five  grammes 
of  the  soap  to  be  tested  are  then  placed  in  a  small  flask, 
and  100  cubic  centimeters  of  the  stearic  acid  solution 
added,  and  the  vessel  placed  on  the  steam  table  or  sand 
bath.  Solution  gradually  takes  place,  the  soap  dissolving 
in  the  alcohol,  and  the  caustic  alkali,  as  fast  as  it  appears. 
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combining  with  the  stearic  acid)  in  the  solution.     We  also 
find  that  under  the  influence  or  the  heat  necessary  to  pro- 
duce solution,  the  carbonate  of  soda  in  the  soap,  if  there 
is  any,  is  slowly  dissolved,  and  if  the  amount  is  very  small 
it   may  completely   disappear.      We   are   not  quite  sure 
whether  this  decomposition  of  the  carbonate  is  due  to  the 
fact  that  we  commonly  use  95-per  cent,  alcohol  in  making 
the  stearic  acid  solution,  or  whether  the  boiling  stearic 
acid  solution  decomposes  carbonate  of  soda.     Whatever 
the  explanation,  the  fact  remains.     When  solution  is  com- 
plete the  liquid  is  filtered  through  paper  in  the  ordinary 
way,  and  any  mineral  matter,  together  with  the  carbonate 
of    soda    not    decomposed,    is    left    on    the    tilter.     The 
solution   containing    the    soap   and    itearic   acid     is  then 
titered    with    standard    alkali,   using    phenolphtaline    as 
indicator.     The  difference  between  the  titer  of  the   100 
cubic  centimeters  of  the  stearic  acid  solution  which  were 
started  with  and  that  obtained  at  the  end  of  the  operation 
represents  the  free  caustic  alkali  together  with  a  part  of 
the  carbonate  of  soda.     The  remaining  part  of  the  car- 
bonate of  soda  on  the  filter  is  obtained  in  exactly  the  same 
way    as    above    described — namely,    by    the   well-known 
methods  of  alkalimetry,  using  phenolphtaline  as  the  indi- 
cator.     The  sum  of  the  caustic  and  carbonate  of  soda 
obtained  by  these  two  determinations  represents  the  total 
of  these  two  constituents  present  in  the  soap.     The  pre- 
vious determination  has,  however,  given  us  as  accurately 
as  possible  the  carbonate,   and   the  sum   above  obtained 
diminished  by  the  amount  of  carbonate  shows  the  amount 
of  free  caustic  alkali  in  the  soap.     We  do  not,  of  course, 
reduce  the  results  obtained  by  the  use  of  the  standard 
solutions  to  percentages  and  then  subtract  the  carbonate 
from  the  sum  of  the  caustic  and  carbonate.     The  actual 
operation  is  done  in  cubic  centimeters  of  the  standard 
solutions.     The  final  results  are,  of  course,  calculated  to 
percentages.     Duplicate  results  with  this  method  are  ex- 
tremely close,  and,  as  stated  above,  we  do  not  know  of 
any  other  method  of  getting  at  the  amount  of  free  caustic 
alkali  in  a  soap  better  than  the  one  which  we  use.     Of 
course  this  problem  has  been  studied  a  good  deal.     We 
have  used  this  method  now  for  some  three  or  four  years, 
and  this  is  the  first  time  that  it  has  been   published.     It  is 
obvious  that  there  may  be  three  conditions  of  the  soap  to 
be  examined. 

"First,  there  may  be  an  excess  of  free  caustic  alkali  along 
with  a  neutral  soap.  It  is  quite  probable  that  the  common 
method — namely,  of  dissolving  the  soap  in  alcohol  and 
titrating  with  any  standard  acid,  using  phenolphtaline  as 
the  indicator,  would  give  the  amount  of  free  caustic  alkali 
under  this  condition.  Our  own  method  is  likewise,  we 
think,  equally  reliable. 

The  second  case  would  be  when  there  is  free  caustic 
alkali  and  free  fat — that  is,  the  operation  of  saponification 
was  not  quite  completed  in  the  boiling.  In  this  case  the 
ordinary  method  of  dissolving  in  alcohol  fails  entirely, 
since  during  the  solution  the  free  alkali  combines  with  the 
free  fat,  and  therefore  does  not  appear  as  it  should.  In 
this  case  our  own  method  gives  likewise,  we  think,  and 
accurately  the  free  alkali,  since  the  free  alkali  combines 
with  the  stearic  acid  rather  than  with  the  unsaponified  fat. 

The  third  case  would  be  where  there  is  a  deficiency  of 
alkali  that  is  not  enough  to  saponify  all  the  fat.  If  the 
excess  of  fat  is  unsaponified  material,  our  method  would 
show  nothing.  If,  as  happens  in  many  cases,  the  excess 
of  fat  is  free  fat  acid,  we  always  get  this  by  our  method. 

We  have  studied  soaps  and  have  used  analytical  methods 
for  the  sake  of  protecting  the  interests  committed  to  our 
charge,  and  accordingly  we  have  not  put  much  study  on 
the  material  from  the  soapmakers'  standpoint.  We  have 
never  tried  to  develop  a  method  which  under  all  circum- 
stances would  tell  whether  there  was  an  excess  of  fat. 
This  is  a  problem  for  the  soapmakers  rather  than  for  our- 
selves, since  the  excess  of  fat  causes  us  no  injury. 

The  method  used  in  determining  the  combined  alkali 
depends  somethincr  on  what  the  previous  tests  have  shown. 
If  there  is  mineral  matter,  especially  carbonate  of  lime, 
or  other  substances  which  under  the  influence  of  heat 
would  either  be  alkaline  or  combined  with  the  soda,  we 
take  the  sample  from  which  we  have  removed  the  mineral 
mailer  and  carbonate  of  soda  as  previously  described,  and 


evaporate  and  burn  until  all  the  organic  matter  is  gone. 
In  case  no  mineral  matter  is  present,  five*'grammes  of  the 
soap  is  put  in  a  platinum  dish  and  the  organic  matter 
burned.  At  the  last  we  usually  add  a  little  pulverized 
chlorate  of  potash,  to  assist  in  removing  the  last  traces  of 
carbonaceous  matter,  and  also  to  oxidize  any  sulphides 
which  may  be  present,  and  which  are  formed  by  the 
deoxidation  of  a  trace  of  sulphate  which  may  exist  as  im- 
purity in  the  soap.  It  is  obvious  that  in  the  first  case  all 
the  alkali  that  was  in  the  soap  originally  as  combined 
alkali  and  caustic  alkali  is  now  in  the  platinum  dish.  In 
the  second  case  all  the  combined,  caustic,  and  carbonated 
alkali  that  was  in  the  soap  are  now  in  the  platinum  dish. 
These  are  dissolved  in  water  and  determined  by  the  well- 
known  methods  of  alkalimetry.  A  deduction  for  the 
caustic  in  the  first  case,  and  for  the  caustic  and  carbonate 
in  the  second  case  shows  the  combined  alkali.  The 
whole  operation  of  making  all  the  determinations  requisite 
for  examining  a  soap  need  not  take  over  one-half  a  day, 
and  a  good  deal  of  the  time,  as  would  naturally  be  sup- 
posed, would  be  taken  up  in  obtaining  the  solutions.  Of 
course  in  a  well-regulated  laboratory  other  work  is  done 
while  the  solution  is  going  on. 

In  addition  to  the  above  determinations  it  will  be  noted 
that  we  state  that  the  sugar  and  glycerine  in  these  kinds 
of  soap  will  be  paid  for,  and  this,  of  course,  involves  a 
determination  of  these  constituents.  It  is  in  regard  to 
these  two  that  our  specifications,  we  think,  need  revision, 
since  we  find  by  actual  experience  that  we  have  not  yet 
been  able  to  get  a  satisfactory  method  for  the  determina- 
tion of  the  sugar  and  glycerine.  We  have  experimented  a 
good  deal  with  the  Benedikt-Zsigmondy  method  for  the 
determination  of  glycerine,  by  converting  the  glycerine 
into  oxalic  acid,  but  have  not  always  succeeded  in  getting 
satisfactory  results  with  it.  As  soon  as  we  obtain  a  satis- 
factory method  for  the  determination  of  glycerine,  it  is 
probable  we  will  revise  our  specifications,  and  require  a 
small  percentage  of  glycerine  as  an  essential  constituent 
of  all  our  toilet  soaps.  Of  course  the  sugar  is  previously 
separated  from  the  glycerine,  and  is  subjected  to  a  sepa- 
rate determination.  At  present  we  are  not  encouraging 
the  purchase  of  glycerine  soaps,  for  the  reason  that  we  do 
notV  feel  satisfied  with  our  method  of  determining  this 
constituent. 

In  the  next  article  we  will  try  to  treat  the  subject  of  Steel 
for  Springs  quite  at  length. 

(to  be  continued.) 


ROLLING   FLUID   METAL. 


In  a  paper  read  recently  before  the  Iron  and  Steel  Insti- 
tute, Sir  Henry  Bessemer  described  his  early  attempts  to 
roll  sheets  of  steel  from  molten  metal,  the  partial  success 
which  he  had  attained,  and  the  apparatus  which  he  had 
then  patented.  After  this  historical  prelude,  he  continued 
as  follows  : 

Having  thus  freely  criticised  my  first  imperfect  form  of 
apparatus,  I  will  proceed  to  explain  in  what  manner  I  now 
propose  to  remedy  these  defects.  These  suggested  im- 
provements will  be  readily  understood  by  reference  to 
figs.  I,  2  and  3,  annexed  ;  and  here  I  beg  to  observe  that 
I  have  not  gone  into  the  many  details  necessary  for  the 
construction  of  rolling  mills  of  this  description,  but  have 
merely  given  such  an  illustration  of  the  general  scope  of 
my  proposals  as  will  enable  them  to  be  understood. 

The  rolls  L  and  M  consist  of  two  hollow  drums  through 
which  a  tubular  steel  axis  N  N  passes,  and  conveys  a 
plentiful  supply  of  water  for  keeping  the  rolls  cool. 

The  brasses  which  support  the  roll  J/ are  fixed,  while 
those  which  support  the  roll  L  are  movable  in  a  suitable 
slide,  and  are  pressed  on  by  a  small  hydraulic  ram  X, 
which  is  in  free  and  uninterrupted  communication  with  an 
accumulator,  so  that  at  any  time  should  the  feed  of  metal 
be  in  excess,  the  roll  L  will  move  back  and  prevent  any 
undue  strain  in  the  machinery,  the  only  result  being  a 
slightly  increased  thickness  at  that  part  of  the  sheet  of 

metal,  a  defect  which,  as  it  extends  parallel  across  the 
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whole  width  of  the  sheet,  will  be  easily  corrected  in  the 
next  rolling  operation. 

The  rolls,  by  preference,  may  be  made  3  ft.  or  4  ft.  in 
diameter,  each  having  a  flange  on  one  end  only,  and  thus 
form  a  trough  with  closed  ends  for  containing  the  fluid 
metal. 

In  order  to  obtain  a  regular  and  quiet  supply  of  metal, 
I  employ  a  small  iron  box  or  reservoir  P,  lined  with 
plumbago  or  fireclay,  along  the  bottom  of  this  reservoir. 
Some  10  or  20  small  holes  of  about  \  in.  in  diameter  are 
neatly  molded  by  a  row  of  conical  brass  pegs.  The 
reservoir  is  provided  with  a  long  bar  or  handle  at  each 
end.     By  means  of  these  bars,  the  reservoir  is  supported 
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on  the  side  frames,  the  bars  falling  into  suitable  notches 
made  in  the  roll  frame  for  that  purpose. 

And  here  I  would  observe  that  the  reservoir  /'should 
be  well  dried,  and  its  interior  surface  heated  to  redness 
prior  to  its  use.  For  this  purpose  a  small  furnace  or 
stove  should  be  placed  near  to  the  rolls,  the  stove  having 
two  or  three  rectangular  openings  on  its  upper  side,  in 
size  corresponding  to  the  interior  of  the  reservoirs,  which 
are  to  be  inverted  over  these  openings,  the  hot  products 
of  combustion  passing  freely  through  the  row  of  holes, 
and  bringing  up  the  interior  surface  of  the  reservoir  to  a 
full  red  heat.  In  this  state  the  reservoir  is  to  be  placed  in 
its  proper  position  in  ;he  roll  frame,  immediately  after  the 
arrival  there  of  the  ladleful  of  fluid  metal. 

A  pair  of  rails  Q  are  supported  on  the  roll  frames  and 
serve  for  the  conveyance  of  the  ladle  R,  which  is  mounted 
on  wheels  and  brings  the  metal  direct  to  the  rolls,  or  to 
any  number  of  pairs  of  rolls  that  may  be  placed  in  line. 

The  ladle  is  provided  with  one  or  more  valves  or  stop- 
pers of  the  usual  kind,  by  means  of  which  the  supply  of 
metal  to  the  reservoir  P  may  be  easily  regulated  ;  the 
several  small  streams  from  the  reservoir  will  deliver  an 
almost  constant  quantity  of  metal,  varying  only  slightly 
as  the  operator  regulates  the  head  of  metal  in  the  reser- 
voir— a  means  of  regulating  which  a  little  experience 
would  allow  him  to  utilize  with  great  advantage  ;  from 
the  smallness  of  th«  head  of  metal  in  the  reservoir  the 
several  streams  will  fall  quietly  without  splashing.  These 
streams  do  not  fall  direct  on  to  the  rolls,  but  into  a  small 
pool  (orined  b^twepi^  the  thin  filths  solidifying  against  the 


cold  surface  of  the  rolls,  the  metal  at  all  times  being  free 
from  floating  slags. 

The  speed  of  the  rolls  also  affords  a  means  of  regulating 
the  quantity  of  metal  retained  between  them  ;  and  as  a 
pair  of  4-ft.  rolls  would  only  require  to  make  about  four 
revolutions  per  minute,  a  quick-running  engine  could 
easily  be  provided  with  differential  speed-gearing,  so  as 
instantly  to  alter  the  speed  of  the  rolls  to  the  very  small 
extent  ever  required  during  the  rolling  process. 

The  thin  sheet  of  metal,  as  it  emerges  from  the  under- 
side of  the  rolls,  is  received  between  the  curved  guide 
plates  5  and  T,  to  the  latter  of  which  a  cutting  blade  ^'^is 
bolted.     Beneath  the  guide  plate  S  a  similar  cutting  blade 

is  arranged  to  suddenly  move  forward 
by  a  cam  and  cut  the  thin  sheet  in 
two.  the  piece  so  cut  afterward  pass- 
ing between  the  second  pair  of  rolls 
V  V,  from  which  it  again  descends 
by  gravity,  and  passes  between  the 
thiid  pair  of  rolls  W  IV.  and  is  de- 
livered on  to  a  horizontal  table,  or 
it  may  be  allowed  to  slide  down  the 
inclined  end  of  a  cistern  of  water, 
and  moved  slowly  forward.  By  these 
means  it  will  be  possible  to  cool  and 
stack  a  ton  of  plates  without  any  la- 
bor or  trouble. 

The  thickness  of  plates  capable  of 
being  produced  will  much  depend  on 
the  size  of  the  rolls  ;  if  drums  of  10 
ft.  or  12  ft.  in  diameter  are  employed, 
it  is  probable  that  plates  of  f  in.  in 
thickness  could  be  produced,  or  even 
thicker.  The  central  space  between 
drums  of  such  large  diameter  would 
represent  a  sort  of  plate  ingot  mold 
with  nearly  parallel  sides  for  some  8 
in.  or  10  in.  in  depth. 

When  producing  sheets  of  steel, 
the  initial  thickness  of  which  does  not 
exceed  yV  in,,  it  might  at  first  sight 
appear  that  the  finished  plate,  with 
only  two  more  rollings,  would  not 
get.  sufficient  work  done  upon  it  to 
develop  the  same  degree  of  tough- 
ness and  cohesion  that  would  be  ob- 
tained by  the  many  rollings  which 
the  present  system  necessarily  in- 
volves ;  but  a  little  consideration  will 
render  apparent  the  entirely  differ- 
ent conditions  under  which  the  formation  of  the  plates 
takes  place. 

Mild  cast  steel  is  a  crystalline  substance,  and  follows 
the  inevitable  law  of  all  crystalline  bodies,  in  so  far  as  the 
size  of  the  crystals  depends  on  the  bulk  of  the  mass  and 
the  time  allowed  for  their  formation  ;  the  longer  the  time 


allowed,  and  the  greater  the  mass,  the  larger  are  the 
crystals  obtained  ;  their  planes  of  cleavage  are  also  more 
clearly  defined,  and  are  more  easily  separated  from  each 
other,  or,  in  fact,  have  a  less  amount  of  cohesion. 

A  cast  ingot  of  i  ft.  square,  quietly  reposing  in  a  soak- 
ing pit  or  heating  furnace,  may  go  on  crystallizing  lor  two 
or  three  hours,  and  develop  a  coarse  crystalline  structure, 
but,  in  rolling  fluid  steel  in  the  manner  proposed,  we  have, 
in  place  of  a  lo-in.  ingot,  a  sheet  of  one-hundredth  of  that 
thickness  only,  and  in  lieu  ^of  the  two  or  ihrte  !  our§ 
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allowed  in  ordinary  cases  for  the  development  of  crystals, 
we  have,  when  using  a  4-ft.  pair  of  rolls,  making  four 
revolutions  per  minute,  a  transition  from  absolute  fluidity 
to  absolute  solidity  in  just  one-half  of  a  second  of  time,  in 
a  mass  of  only  ^  in.  in  thickness  ;  and  if  crystals  are  de- 
veloped at  any  period  during  the  half  second  of  time  oc- 


the  mill  to  be  fitted  with  a  pair  of  4-ft.  diameter  rolls, 
18  in.  wide,  and  making  four  revolutions  per  minute,  and 
set  to  produce  a  sheet  having  an  initial  thickness  of  ^V  '"•» 
and  rolled  by  the  third  pair  to  ^V  'i-.  we  should  thus  have 
a  surface  velocity  of  the  first  pair  of  rolls  equal  to  50  It. 
per  minute  ;  and  making  when  finished  100  plates  18  in. 


PASSENGER   LOCOMOTIVE   FOR   THE    HIGHLAND    RAILWAY,    SCOTLAND. 
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cupied  by  this  transition,  they  must  be  microscopic  indeed, 
and  possess  but  little  if  any  of  the  properties  that  are 
developed  in  large  masses  during  hours  of  repose  in  the 
soaking  pits  ;  hence  it  appears  to  me  highly  probable  that 
the  homogeneous  fluid  metal  will  pass  at  once  into  a  per- 
fectly homogeneous  uncrystalline  body,  and  being  sub- 
jected to  fluid,  semi-fluid  and  solid  pressure  in  rapid  suc- 
cession, will  develop  the  full  cohesive  force  and  toughness 
of  which  the  metal  is  susceptible. 

It  will  be  at  once  perceived  that  in  this  mode  of  dis- 
posing of  a  ladleful  of  steel  in  the  rolls  we  avoid  the  cost 
and  wear  and  tear  of  casting  molds,  and  the  labor  of 
their  removal  and  rearrangement  at  each  casting  opera- 
tion, also  the  need  for  soaking  pits  or  reheating  furnaces, 
with  their  accompanying  cost  of  labor  and  fuel.     There 

%:3. 


by  12  in.,  ^V  in.  thick,  and  weighing  300  lbs.,  or  equal  to 
a  production  of  one  ton  of  plates  in  7^  minutes. 

Hence  it  becomes  a  question  which  is  the  least  costly 
mode  of  dealing  with  a  ladleful  of  fluid  steel  ? — forming  it 
into  massive  ingots  in  molds,  or  makmg  it  into  thin 
sheets  in  the  manner  proposed. 


PASSENGER    LOCOMOTIVE    FOR   THE    HIGH- 
LAND RAILWAY. 


The  accompanying  illustrations,  from  the  London  Engi- 
neering, show  the  standard  passenger  engine  of  the  High- 
land Railway  in  Scotland.  This  road  runs  through  a 
rough  and   hilly  country  and   has  many  heavy   g''ades.  in 
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will  also  be  no  loss  arising  from  the  waste  ends  of  piped 
ingots,  etc. 

It  will  be  understood  that  thin  sheets  so  produced  will 
not  acquire  any  scale  during  the  single  minute  they  are 
exposed  to  the  oxidizing  influence  of  the  atmosphere  prior 
to  their  immersion  in  the  water-tank,  and  in  consequence 
of  there  being  no  overlapping  of  plates  in  rolling  there 
will  be  but  little  loss  of  metal  in  shearing. 

With  reference  to  the  speed  of  production,  let  us  assume 


one  place  rising  66  ft.  to  the  mile  for  17  miles  in  succes- 
sion. The  traffic  is  variable,  being  heavy  in  summer  and 
very  lij>:ht  in  winter  ;  but  in  the  winter  there  is  much 
delay  from  snow. 

The  engine  is  of  the  eight-wheel  type,  with  four  driving- 
wheels  and  a  four-wheeled  truck.  The  cylinders  are  out- 
side, with  the  steam-chests  inside,  and  are  placed  on  an 
incline  of  i  in  12.  The  cylinders  are  18  in.  in  diameter 
and  24  in.  stroke.     The  steam  ports  are  15  X  li  in.  and 
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the  exhaust  ports  15  x  3  in.  The  valves  have  4  in.  ex- 
treme travel  and  i  in.  outside  lap.  The  valve  motion  is 
of  the  Allan  straight-link  type.  Valves,  eccentrics  and 
eccentric  straps  are  of  cast  iron.  The  slide-bars  are  of 
iron,  case-hardened,  and  the  slide-blocks  are  cast  iron 
with  a  large  surface,  72^  sq.  in.  on  each  block.  The  pis- 
ton-rod and  cross-head  are  in  one  piece,  the  cross-head 
being  a  plain  eye  with  a  case-hardened  bush  pressed  into 
it,  the  small  end  of  the  connecting-rod  being  a  plain  jaw 
with  a  case-hardened  iron  pin  through  it  and  the  cross- 
head.  The  other  end  of  the  connecting-rod  is  solid,  the 
brasses  being  held  up  by  a  single  key. 

The  driving-wheels  are  6  It.  3^  m.  in  diameter  ;  the 
centers  are  5  ft.  8^  in.,  of  wrought  iron,  and  the  tires  are 
of  steel,  3i  in.  thick.  The  distance  between  centers  of 
drivers  is  8  ft.  9  in.  The  driving  springs  are  equalized  in 
the  manner  usually  adopted  on  eight-wheel  engines  in  this 
country.  The  driving-axle  journals  are  8  in.  in  diameter 
and  7i  in.  long. 

The  truck  is  of  the  swing-bolster  pattern  and  is  carried 
on  four  wheels  44^  in.  in  diameter,  the  axles  being  spaced 
6  ft.  between  centers.  The  wheel  centers  are  of  cast 
steel  and  are  39J  in.  in  diameter,  the  tires  being  of  steel 

3  in.  thick. 

The  frames  are  of  the  plate  type  usual  in  England. 
The  axle-box  guides  are  of  steel,  with  liners  of  wrought 
iron,  case-hardened.     The  axle-boxes  are  of  steel. 

The  engine  is  fitted  with  the  vacuum  brake,  which  is  in 
use  on  this  road.  In  addition  it  has  the  Chatelier  counter- 
pressure  water  brake,  which  is  found  to  work  very  well 
and  to  be  of  much  use  on  the  long  heavy  grades,  both  in 
holding  the  train  and  in  keeping  the  cylinders  and  valves 
moist  when  steam  is  shut  off. 

The  boiler  barrel  is  50  in.  in  diameter  and  9  ft.  9J  in. 
long.  It  is  of  i-in.  steel  and  double  riveted  throughout. 
The  outside  fire-box  casing  is  6  ft.  2^  in.  long  and  4  ft.  3^ 
in.   wide.     The  tubes  are   if  in.  in  diameter  and  10  ft. 

4  in.  long.  The  fire-box  is  of  copper  and  is  66  in.  long  and 
41  in.  wide  inside.  The  grate  area  is  18.8  sq.  ft.;  the 
heating  surface  is  :  Fire-box,  97.5  ;  tubes,  1,038.5  ;  total, 
1,136  sq.  ft.  The  boiler  is  fed  by  two  Gresham  automatic 
injectors. 

The  tender  tank  holds  2,250  gallons  of  water.  The 
tender  has  an  iron  frame  and  is  carried  on  six  45^-in. 
wheels,  of  the  same  pattern  as  the  engine  truck  wheels. 
The  tender  axles  have  both  outside  and  inside  bearings. 
The  tender  wheel  base  is  13  ft. 

In  the  accompanying  cuts  fig.  1  is  a  longitudinal  sei^tion 
and  fig.  2  a  plan  of  the  engine.  Fig.  3  is  a  longitudinal 
section  of  the  tender  and  fig.  4  is  a  perspective  view  of  the 
engine,  showing  its  general  appearance. 

The  engine  weighs  altogether  96,320  lbs.  in  working 
order,  and  the  tender  weighs  71,680  lbs.,  with  tank  and 
coal-box  full. 


PROGRESS  IN  FLYING  MACHINES. 


By  O.  Chanute,  C.E. 


{Continued fr»nt  fage  511.) 


While  the  inventors  who  experimented  with  flapping 
wings,  with  which  they  tried  to  raise  themselves  on  the 
air  by  muscular  effort,  doubtless  had  it  in  mind  eventually 
to  substitute  artificial  motors,  if  only  they  could  catch  the 
trick  by  which  the  bird  flies,  there  have  been  a  few  others 
who  have  at  the  outset  designed  flapping  wings,  to  be 
moved  by  some  primary  artificial  motor.  As  they  gener- 
ally knew  of  no  such  motor,  within  admissible  limits  of 
weight  in  proportion  to  its  energy,  such  designs  have  re- 
mained mere  projects,  and  but  few  experiments  have  been 
made. 

The  proposal  of  Gerard,  in  1784,  shown  in  fig.  12, 
seems  to  have  been  among  the  first.  It  apparently  pro- 
vides, in  addition  to  the  body  and  wings,  for  a  steering 
arrangement  in  front,  and  for  feet  with  springs  to  land 
upon.  The  inventor  omitted  to  state  in  his  printed  de- 
scription what  motive  power  he  intended  to  use,  but  an 


inspection  of  the  drawing  suggests  the  conjecture  that  the 
apparatus  was  to  be  propelled  in  part  by  escaping  gases, 
like  a  rocket,  and  in  pait  by  flapping  the  wings  through 
the  medium  ol  a  gunpowder  engine  ;  proposals  and  ex- 
periments with  such  motors  antedating,  as  is  well  known, 
those  with  the  steam-engine.  Be  this  as  it  may,  soon 
after  the  success  of  the  locomotive  engine  on  the  Liver- 
pool &  Manchester  Railroad,  Mr.  F.  D.  Artingsiall  en- 
deavored  to  compass  an   aerial  locomotive.       He  con- 


FiG.  la.— GERARD— 1784. 

structed  a  very  light  steam-engine,  suspended  it  by  a  cord 
from  the  ceiling,  and  to  the  piston-rod  he  attached  wings, 
which  were  so  constructed  that  they  opened  somewhat  like 
a  Venetian  blind  on  the  up  stroke  and  closed  during  the 
down  stroke,  moving  through  an  arc  of  80°.  When  steam 
was  turned  on  the  wings  worked  vigorously,  but  the 
machine  jerked  up  and  down,  rushed  from  side  to  side, 
and,  in  fact,  performed  all  kinds  of  gymnastic  movements 
except  flight.  This  experiment  was  terminated  by  the 
explosion  of  the  boiler,  and  a  second  attempt,  in  which  it 
was  intended  to  use  four  wings  instead  of  two,  in  order 
to  keep  up  a  continuous  buoyancy,  resulted  in  a  second 
explosion  ;  after  which  the  experiments  were  abandoned. 
In  1868  Mr.  Artingstall,  in  a  communication  to  the 
Aeronautical  Society  of  Great  Britain,  stated  the  weak 
point  in  his  various  experiments  to  have  been  the  lack  of 
suitable  equilibrium. 

Every  experimenter  with  aerial  apparatus  has  doubtless 
encountered  the  difficulty  of  obtaining  in  a  machine  that 
equilibrium  which  the  bird  maintains  by  instinct,  and 
also  of  deriving  continuous  support  from  the  flapping  of 
one  pair  of  wings.  These  are  probably  the  reasons  which 
led  Struve  and  Telescheff  to  design,  in  1864,  the  appa- 
ratus shown  in  fig.  13,  in  which  five  pairs  of  wings  are 


Fig.  i3.-STRUV£  &  TELESCHEFF -1864. 

attached  to  a  central  plane.  The  only  description  accessi- 
ble to  the  writer  states  that  the  wings  were  moved  by 
human  force  acting  upon  a  spring,  but  it  is  evident  that 
the  apparatus  was  intended  to  be  driven  by  artificial 
power,  if  the  designers  could  only  find  one  sufficiently 
light  for  that  purpose.  That  they  did  not  succeed  in  this 
seems  to  be  a  fair  inference  from  the  fact  that  the  machine 
was  not  tested  by  experiment. 

At  the  Exhibition  of  1868,  of  the  Aeronautical  Society 
of  Great  Britain,  Mr.  /.  Palmer  exhibited  a  pair  of  wings 
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(to  be  driven  by  power)  attached  to  a  rotating  axle,  and 
so  arranged  that  they  expanded  in  the  descent  and  closed 
in  the  ascent,  like  the  action  of  a  duck's  foot  in  swim- 
ming ;  this  motion  being  obtained  in  a  remarkably  simple 
manner  by  a  roller  running  on  an  eccentric  cam,  which 
could  be  instantaneously  changed  in  position,  so  as  to 
convert  the  vertical  lifting  power  into  one  of  horizontal 
force.  It  does  not  seem  to  have  been  applied  to  any  flying 
machine. 

At  the  same  exhibition  Mr.  /.  M.  Kaufmann,  engineer 
of  Glasgow,  exhibited  the  working  model  represented  in 
fig.  14,  which  was  intended  as  the  precursor  of  an  aerial 


Fig.  14.— kaufmann— 1867. 

steam  machine  weighing  7,000  or  8,000  lbs.  The  appa- 
ratus consisted  of  a  steam  boiler  and  engine,  mounted 
upon  wheels,  and  propelled  by.  two  long  wings,  which, 
during  the  down  stroke,  were  set  at  an  inclined  direction 
backward,  and  were  caused  to  turn  at  a  forward  angle 
during  the  up  stroke.  The  main  portion  of  the  weight 
was  to  be  sustained  by  superposed  aeroplanes,  and  hence 
the  machine  should  perhaps  be  described  under  that  head, 
but  it  is  here  included  under  the  head  ot  wings,  because  of 
the  mode  of  propulsion.  The  model  weighed  42  lbs.,  and 
during  the  experiments  with  it  its  boiler,  owing  to  its 
small  size,  was  not  fired,  steam  being  supplied  from  an 
independent  boiler.  With  steam  pressure  at  150  lbs.  to 
the  inch,  the  wings  made  a  short  series  of  furious  tiaps, 
and  one  of  them  suddenly  gave  way  about  2  ft.  from  its 
base,  upon  which  the  other  one  failed  also.  The  inventor 
stated  that  he  was  then  engaged  in  the  construction  ot  a 
larger  raachine  on  the  same  principle,  but  since  then 
nothing  more  has  been  heard  of  it.  He  proposed  to  secure 
stability  by  letting  down  or  raising  up  a  long  *'  pendule" 
with  telescopic  joints,  so  as  to  adjust  ihe  center  ot  gravity 
and  keep  the  machine  in  a  horizontal  position,  but  it  may 
well  be  doubted  whether  this  would  have  proved  effective. 

At  a  meeting  of  the  British  Aeronautical  Society,  in 
1 87 1,  Mr.  R.  C.  Jay  exhibited  a  model  to  illustrate  a 
method  which  he  proposed  in  order  to  use  wings  of  any 
length  and  weight  without  loss  of  power.  This  consisted 
of  two  pairs  of  oscillating  wings  moving  on  the  same 
shaft.  It  was  expected  that  the  forces  generated  by  their 
motion  would  hold  the  machine  is  equilibrium,  and  that 
one  pair  of  wings  would  be  aided  by  the  current  of  air, 
or  whirlpool,  produced  by  the  movement  of  the  other 
pair.  This  does  not  seem  to  have  answered,  for  in  1877 
the  same  inventor  presented  a  model  to  the  same  society, 
illustrating  a  method  of  obtaining  a  figure  of  8  or  sculling 
action  with  one  pair  of  wings,  but  at  the  same  time 
Wx.  Jay  candidly  stated  that  "although  he  had  made  a 
great  many  experiments,  he  had  not  yet  succeeded  in 
making  a  propeller  (wings)  sufficiently  simple  and  effective 
for  practical  purposes." 

It  is  said  that  about  the  same  time  an  optician  of  Leipsic 
made  a  small  steam  bird,  mounted  on  a  globular  steam 
boiler  and  actuated  by  a  cylinder  of  2  in,  stroke,  working 
wings  32  in.  long.  This  machine  would  rise  vertically 
3  ft.,  the  wings  making  about  three  beats  during  the 
flight,  but  the  boiler  limited  the  performance.  It  con- 
tained spirits  of  wine  only  sufficient  for  38  seconds,  and 
the  apparatus  was  but  a  toy. 

In  1 87 1  Prigent  designed  the  apparatus  shown  in  fig.  15, 
which  was  evidently  suggested  by  the  dragon-fly  ;  this  is 
a  favorite  idea  with  aviators,  who,  as  we  have  seen 
already,  have  proposed  the  combination  ot  two  pairs  of 
wings  over  and  over  again.  It  was  intended  to  be  driven 
by  sream,  but  although  in  that  same  year  Moy  had  pro- 
duced a  steam-engine  and  boiler  weighing  but  27  lbs.  per 
horse  power,  and  Stringfellow,  in  1868,  has  shown  one 
claimed  to  weigh  but  13  lbs.  per  horse  power  (both  applied 


to  aeroplanes),  no  attempt  seems  to  have  been  made  to 
experiment  with  Prigenf  s  device.  The  fact  is,  that  even 
the  weight  of  the  engmes  mentioned  was  too  great,  for  it 
did  not  include  the  fuel  and  water,  which  for  a  non-con- 


FlG.   15.— PRIGENT-187T. 

densing  steam-engine  would  amount  to  about  26  lbs. 
more  horse  power  per  hour,  and  this  did  not  compare 
favorably  with  the  motive  power  of  birds.  The  pigeon, 
for  instance,  is  known,  both  by  dynamometric  experiment 
and  computation,  to  develop  in  ordinary  flight  from  160 
to  425  foot-pounds  of  energy  per  minute  for  each  pound  of 
his  weight,  and  as  his  pectoral  muscles,  which  consti- 
tute his  engine,  generally  compose  {%  of  his  weight,  we 
have  for  the  weight  ot  his  motor  from 


33.000  X  10 


=  18  lbs.  to 


33.000  X  10 


=  48  lbs. 


425  X  43  J6o  X  43 

per  horse   power  developed,    including    the   fuel   which 
enables  him  to  fly  for  10  to  12  hours  at  a  stretch. 

Hopeless,  therefore,  of  accomplishing  anything  practi- 
cal with  steam-engines,  experimenters  with  wings  next 
turned  their  attention  to  springs  or  reservoirs  of  energy 
of  various  kinds,  and  with  these  they  have  succeeded  m 
devising  a  number  of  toys  which  fly  creditably  for  a  few 
seconds.     Clock  springs  were  first  tried,  but  they  were 


Fig.  16.— JOBERT— 1871. 

found  to  be  unduly  heavy,  and  in  1871  Jobert  brought  out 
his  first  mechanical  bird,  shown  in  fig.  16,  driven  by  india- 
rubber  in  tension.  The  wings  were  arranged  so  as  to 
change  their  plane  automatically  while  flapping,  in  order 
to  imitate  the  flexions  of  the  natural  wings,  and  the  equilib- 
rium was  secured  by  adjusting  the  center  of  gravity  so 
as  to  correspond  with  the  center  of  pressure  due  to  the 
angle  of  flight. 

In  1872  Pdnaud,  who  had  already  succeeded  (1870  and 
1871)  in  compassing  flight  with  the  superposed  screws  and 
with  the  aeroplane,  which  will  be  noticed  hereafter,  by 
the  force  of  twisted  rubber,  applied  the  same  motor  to  a 
mechanical  bird,  which  is  shown  in  fig.  17.  The  wings 
beat  straight  down,  and  the  propulsion  is  obtained  from 
the  flexion  of  their  outer  edges  produced  by  the  reaction 
of  the  air.  The  bird  is  unable  to  rise  from  the  ground, 
but  upon  being  thrown  off  the  hand  it  first  descends  some 
2  ft.,  and  then,  having  acquired  the  initial  velocity  needed 
for  support,  it  flies  for  a  distance  of  50  ft.  in  7  seconds, 
rising  at  the  same  time  about  8  or  9  ft.  above  the  point  of 
departure,  the  equilibrium  being  perfectly  maintained  by 
the  tail. 


5^ 
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Simultaneously  with  this  M.  Hureau  de  Villeneuve,  the 
permanent  Secretary  of  the  French  Aeronautical  Society, 
brought  out  his  mechanical  bird,  which  is  shown  in  fig. 
i8.     In  this  the  plane  of  the  wings  is  inclined  at  an  angle 


Fig.  17.— PENAUD-1872. 

of  45°,  and  the  power  is  obtained  from  twisted  rubber.  In 
consequence  of  the  peculiar  motion  of  the  wings,  this 
model  was  able  to  start  direct  from  the  ground,  but  owing 


results  obtained,  in  this  as  well  as  in  the  three  other 
mechanical  birds  previously  described,  led  to  the  inference 
that  there  was  great  waste  of  power,  as  compared  with 
that  of  birds.     This  was  attributed  to  the  rigidity  of  the 


Fig.  19.— JOBERT 


front  edge  of  the  wings  in  all  these  models,  and  accord- 
ingly in  1876  Tatin  took  the  problem  up  again  and  suc- 
ceeded, by  a  double  eccentric  working  two  levers  con- 
nected to  the  front  edge  of  the  wing,  in  giving  it  a  twist- 


,       Fig.   18.— hureau    DE   VILLENEUVE-i872. 

to  th«  limited  power  of  the  rubber  spring  it 
only  rose  to  the  height  of  4  tt.,  and  then 
descended,  forming  a  parachute.  It  was 
subsequently  modified  so  that  it  would  Hy 
horizontally  for  a  distance  of  24  ft.,  at  a 
velocity  of  20  miles  per  hour. 

M.  De  Villeneuve  has  been  promoting  aviation  by 
flapping  wings  for  the  past  25  years.  He  has,  first  and 
last,  designed  something  like  300  experimental  models,  so 
that  his  garret  is  a  complete  aviary  of  artificial  birds.  He 
built,  some  years  ago,  a  huge  steam  bird  on  the  model  of 
a  bat.  Being  aware  that  there  was  at  that  time  no  suffi- 
ciently light  and  reliable  steam-engine  with  its  boiler  to 
furnish  the  power  required,  he  placed  only  the  engine  on 

the  bird,  and  connected   it  by  a  hose  %vith  a   boiler  on  the 

ground.     Upon  trial,  as  soon  as  the  steam  was  turned  on 

th«  wings  beat  violently,  and  the  apparatus  rose  with  tie 
inventor  aboard.  He  grew  nervous  for  fear  that  he  would 
get  beyond  the  length  ot  his  hose,  and  shut  off  steam  sud- 
denly, upon  which  the  bird  fell  and  smashed  one  of  its 
wings.  It  is  still  in  existence,  and  the  inventor  is  await- 
ing ihe  development  of  a  very  light  motor  in  order  to 
resume  his  experiments  with  this  great  bird,  which  is 
some  50  ft.  across. 

In  1872  'iA.  Jobert  brought  out  his  second  mechanical 
bird,  shown  in  fig.  19.  This  is  driven  by  twisted  rubber, 
as  being  more  manageable  than  rubber  in  tension,  and 
consists  of  four  wings  beating  alternately  in  pairs — as  a 
horse  trots — in  order  to  produce  continuous  and  uniform 
support  and  equilibrium,  instead  ot  the  jerkmg  motion 
observable  in  other  apparatus.  This  flew  fairly  well,  but 
a  measurement  of  the  foot-pounds  developed  and  of  the 


Fig.  20.— PICHANCOURT— 1889. 

ing  motion  similar  to  that  of  the  bird.  His  apparatus 
Hew  some  65  ft,,  with  rather  less  weight  of  rubber. 

In  1889  Pichancourt  carried  the  matter  still  further  in 
the  mechanical  bird  shown  in  fig.  20,  in  which  there  is  a 
triple  eccentric,  eachone  actuatinga  lever  fastened  to  a  dif- 
ferent point  in  the  wings.  His  larger  models,  measuring 
\T\  in.  from  tip  to  tip  of  wings,  and  weighing  \\  oz.,  arc 
said  to  have  Hown  up  to  a  height  of  25  ft.  and  to  a  dis- 
tance of  70  ft.  against  a  slightly  adverse  wind. 

Now  here  ar-  no  less  than  six  artificial  birds,  each  with 

a  somewhat  different  wing-motion,  and  they  all  fly,  when 

urged  by  the  energy  stored  in  twisted  rubber.  The  ques- 
tion,  therefore,  occurs  why  practicable  machines,  to  carry 
passengers,  cannot  be  built  by  substituting  some  prime 
mover  for  the  rubber  ;  and  the  answer  is  that  all  these 
models  are  so  wasteful  of  power  that  there  is  no  motor 
known  sufficiently  light,  in  proportion  to  its  energy,  to 
take  the  place  of  the  rubber.  The  best  that  seems  to  have 
been  done  with  the  latter  was  to  obtain  a  flight  of  7  sec- 
onds with  flapping  wings,  and  with  the  expenditure  of 
energy  at  the  rate  of  600  foot-pounds  per  pound  of  twisted 
rubber.  As  there  are  550  foot-pounds  per  second  in  a  horse 
power,  a  primary  motor,  with  its  supplies,  should  in  the 
same  proportion  weigh  no  more  than  : 

— =  6.4  lbs.  per  horse  power, 

7  X  550  i~       . 

and  there  are  none  such  known  in  practical  operation. 
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Undeterred  by  this  disheartening  fact,  M.  De  Louvrie 
designed,  in  1877,  the  apparatus  shown  in  fig.  21,  which 
he  calls  the  "  Anthropornis,"  and  which  consists  of  a  pair 
of  wings,  resembling  those  of  the  swallow,  fastened  to  a 
hull  mounted  upon  wheels,  and  intended  to  be  actuated 
by  a  steam-engine  or  a  petroleum  motor.  A  spring  is  to 
contribute  to  the  downward  stroke,  and  is  to  be  raised  by 
the  motor  on  the  up  stroke.     M.  De  Louvri^  is  a  veteran 


^Cttffi 


Fig.  91.— de  LOUVRlfe— 1877. 

in  promoting  aviation,  and  his  writings  show  a  better 
understanding  and  firmer  grasp  of  the  question  than  most 
of  those  which  have  been  published  on  this  intricate  sub- 
ject. He  had  proposed,  in  1863,  a  sort  of  kite-like  flying 
machine,  which  will  be  noticed  under  the  head  of  Aero- 
planes, and  it  is  said  that,  in  1888.  he  presented  his  latest 
views  before  a  commission  of  the  French  Academy  of 
Sciences,  supplementing  them  with  certain  experiments, 
from  which  he  drew  the  conclusion  that  an  apparatus 
capable  of  carrying  four  passengers  needed  no  more  than 
3  horse  power  to  drive  it  at  the  rate  of  67  miles  per  hour. 
It  may  be  inferred  that  the  French  Commission  was  not 
convinced,  from  the  fact  that  no  action  has  been  taken  upon 
the  proposal. 

(to  be  continued.) 


HOW  MANY  CYLINDERS  WILL  IT  PAY  TO 
INTRODUCE  IN  THE  MULTI-CYLINDER  EN- 
GINE ? 


By  George  I.  Rockwood. 


The  records  of  scientifically  conducted  tests  of  double, 
triple  and  quadruple  compound  steam-engmes  in  actual 
commercial  service  are  rapidly  multiplying,  and  have  been 
given  special  prominence  in  the  engineering  journals  of 
the  past  three  or  four  years.  Out  of  the  wealth  of  data 
which  they  supply,  one  would  think  that  an  unquestion- 
able theory  might  have  been  deduced  for  designers  to  fol- 
low ;  but  the  facts  supplied  stand  in  such  curious  and 
complicated  relations  to  each  other,  that  whatever  has 
been  written  concerning  the  theory  and  design  of  the  com- 
pound engine  has  been  generally  confused,  partial,  and 
fragmentary,  and  engineers  of  high  degree  hold  various, 
and  sometimes  opposite,  opinions  as  to  the  causes  which 
conduce  to  the  higher  economy  of  the  compound  engine 
over  that  of  the  single  cylinder  engine. 

The  subject  has,  however,  received  one  masterly  and 
comprehensive  treatment  in  the  paper,  entitled  "  The 
Philosophy  of  the  Compound  Engine,"  which  was  read  in 
November,  1889,  before  the  American  Society  of  Mechani- 
cal Engineers,  by  Professor  R.  H.  Thurston,  of  Cornell 
University.  In  this  paper  the  method  of  inquiry  into  the 
causes  of  wastes  of  heat  in  the  steam-engine  is  most 
searching  and  scientific,  and  it  must  be  ot  the  greatest 
assistance  in  all  attempts  at  revealing  the  exact  relations 
of  the  principles  of  economy  involved.  But  viewing  these 
relations  in  the  clear  light  shed  upon  them  by  this  most 
valuable  paper,  it  may  still  be  questioned  whether  some  of 
the  conclusions  reached  are  ultimate  or  even  correct.  Is 
it  true,  for  instance,  that  triple  or  quadruple-cylinder  en- 
gines are  theoretically  necessary  to  secure  the  highest  de- 
gree of  economy  in  the  use  of  steam  .-*  May  it  not  rather 
be  true  that  the  use  of  more  than  two  cylinders  in  series 
is  positively  disadvantageous  1 

Professor  Thurston  proved  very  neatly  that  the  inlro- 
duction  of  one  or  of  many  cylinders  between  the  low-pres- 
sure cylinder  and  the  boiler  does  not  affect  the  operation 


of  the  latter  cyljnder  through  cylinder  condensation,  how- 
ever great  that  condensation  may  be,  provided  the  opera- 
tion of  the  added  cylinders  is  effected  by  raising  the  steam 
pressure  commensurately,  leaving  the  low-pressure  cylin- 
der the  same  initial  pressure  as  before  ;  and  he  goes  on 
to  say  :  '*  The  total  waste  by  this  form  of  loss  is  thus  evi- 
dently measured  in  the  case  of  the  multi-cylinder  engine 
by  the  maximum  ivasie  in  any  one  cylinder  J"  The  im- 
plication in  this  last  sentence  is,  that  waste  of  heat  due  to 
cylinder  condensation  does  actually  occur  in  every  cylin- 
der of  the  multi-cylinder  engine.  But  if  heat  is  absorbed 
in  the  walls  of  the  high-pressure  cylinder,  and  then  trans- 
ferred therefrom  without  being  transformed  into  work  in 
that  cylinder,  can  it  as  yet  be  said  to  be  wasted  "i  True, 
it  has  passed  through  this  cylinder  without  doing  work, 
but  so  has  all  the  remainder  of  the  heat  left  in  the  steam 
at  the  instant  of  opening  the  exhaust  port.  How  can  it 
be  a  loss,  since  it  is  just  as  available  for  use  in  the  suc- 
ceeding cylinder  as  is  this  latter  quantity  of  heat,  and 
moreover,  no  heat  is  lost  until  it  is  deposited  in  the  con- 
denser ?  This  is  virtually  what  Professor  Thurston  says 
in  the  above  statement  that  the  quality  of  the  steam  de- 
livered to  the  low-pressure  cylinder  is  unaffected  by  the 
amount  of  cylinder  condensation,  be  it  much  or  little, 
which  has  occurred  in  the  preceding  cylinders.  It  must 
be  the  last  cylinder  alone,  therefore,  which  wastes  heat  in 
this  way,  for  its  walls  abstract  a  certain  quantity  of  heat 
which  is  discharged  directly  into  the  condenser. 

Now  consider  the  difference  between  the  conditions  of 
steam  distribution  which  would  result  in  a  given  engine 
of  four  cylinders  arranged  on  the  tandem  compound 
method,  and  those  which  would  result  in  the  same  engine 
deprived  of  its  two  intermediate  cylinders,  the  boiler  pres- 
sure and  the  point  of  cut-off  in  the  first  cylinder  not  being 
varied  in  the  two  experiments.  As  the  ratio  of  expansion 
in  the  compound  engine  is  the  quotient  arising  from 
dividing  the  volume  of  steam  in  the  low-pressure  cylinder 
at  the  instant  of  exhaust  by  the  volume  of  steam  in  the 
high-pressure  cylinder  at  the  instant  of  closing  the  cut-oft 
valve,  the  ratios  of  expansion  in  the  two  cases  will  be 
identical  ;  and  as,  other  things  being  equal,  the  efficiency 
of  an  engine  varies  with  the  ratio  of  expansion,  the  effi- 
ciencies in  each  case  should  also  be  identical,  unless  the 
amount  of  the  internal  wastes  is  affected  by  removing  the 
two  cylinders  ;  but  internal  waste  is  shown  to  occur  only 
in  the  low-pressure  cylinder.  Consequently,  in  order  to 
prove  that  the  two  cylinders  in  series  can  be  made  to  give 
an  efficiency  as  great  as  three  or  more  in  series  could  give, 
it  is  only  necessary  to  show  that  the  same  initial  and  ter- 
minal steam  pressures  and  temperatures  realized  in  the 
low-pressure  cylinder  of  the  multi-cylinder  engine  may  be 
retained,  although  the  two  intermediate  cylinders  be  re- 
moved from  the  engine. 

It  is  probably  well  understood  that  with  a  given  boiler 
pressure  tjie  average  pressure  in  the  receiver,  between  the 
high-pressure  and  low-pressure  cylinders  of  a  given 
double-compound  engine,  depends  solely  upon  the  relation 
ot  the  volume  of  steam  taken  from  the  boiler  by  the  high- 
pressure  cylinder  to  the  volume  of  steam  taken  from  the 
receiver  by  the  low-pressure  cylinder,  per  stroke  of  the 
pistons.  Should  the  low-pressure  cylinder  take  a  larger 
volume  of  steam,  before  cutting  off,  than  the  high-pres- 
sure cylinder  delivers  per  stroke  to  the  receiver,  the  aver- 
age receiver  pressure  will  be  correspondingly  lower  than 

the  terminal  pressure  in  the  high-pressure  cylinder.  If, 
therefore,  the  ratio  of  cylinder  volumes  in  the  double  com- 
pound engine  is  the  same  as  the  ratio  of  the  volumes  of 
the  high- pressure  and  low-pressure  cylinders  of  a  quad- 
ruple compound  engine,  and  the  points  of  cut-off  in  the 
low-pressure  and  high-pressure  cylinders  of  each  engine 
are  alike,  then,  with  the  same  boiler  pressure  in  each 
case,  the  average  pressures  of  the  steam  entering  each 
low-pressure  cylinder  up  to  cut-off  should  also  be  the 
same,  no  matter  how  great  the  boiler  pressure  may  be. 
But  the  extreme  variations  of  the  receiver  pressure  may 
be  reduced  as  much  as  desired  by  increasing  the  dimen- 
sions of  the  receiver.  So,  by  employing  a  receiver  between 
the  cylinders  of  the  above-described  double  compound 
engine,  of  such  proportions  that  the  pressure  of  the  steam 
delivered  to  the  low-pressure  cylinder  shall  be  equal  to  the 
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pressure  of  the  steam  entering  the  low-pressure  cylinder 
of  the  above-described  quadruple  compound  engine,  indi- 
cator cards  taken  from  each  low-pressure  cylinder  should 
be  identical. 

To  recapitulate  :  In  the  multi-cylinder  engine,  loss  of 
energy  due  to  cylinder  condensation  occurs  only  in  the 
last,  or  low-pressure  cyhnder.  If  the  intermediate  cylin- 
ders be  cut  out  of  the  circuit,  the  amount  of  this  loss  will 


must  bear  a  goodly  percentage  of  compound  interest,  all 
to  be  added  to  the  before-mentioned  sum,  and  all  a  need- 
less waste  due  to  a  supposed  saving  in — what  ?  Initial 
cylinder  condensation. 

It  seems  hardly  reasonable  to  doubt  that  if  there  be  any 
virtue  in  the  generally  held  theory,  that  the  waste  of  the 
single-cylinder  engine  is  chiefly  due  to  absorption  and 
transference  of  heat  by  its  walls  without  transformation 
into  work,  a  consistent  application  of  that  theory 
calls  for  no  more  than  two  cylinders  to  secure  the 
maximum  possible  efficiency  in  the  use  of  steam. 
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AN    ENGLISH    SAFETY    WATER    GAUGE. 


(From  the  London  EniinetriMg.) 


The  breaking  of  a  gauge  glass  oi  a  boiler  carry- 
ing high  pressure  is  an  accident  that  is  always  in- 
convenient and  generally  dangerous.  No  one 
would  willingly  face  such  an  incident,  even  in  a 
situation  where  it  is  possible  to  get  away  quickly, 
for  a  splash  with  scalding  water  is  a  most  fearfully 
painful  experience.     But  in  a  confined  placer  like 


not  thereby  be  affected,  provided  the  receiver  capacity 
between  the  two  remaining  cylinders  is  sufficient  to  keep 
down  the  initial  steam  pressure  in  the  last  cylinder  to  the 
same  intensity  naturally  occurring  when  the  intermediate 
cylinders  are  m  use.  Therefore,  more  than  two  cylinders 
are  theoretically  »»necessary  to  obtain  the  maximum  pos- 
sible economy  m  the  use  of  steam. 

Indicator  cards  are  appended  to  show  the  character  of 
the  steam  distribution  in  an  engine  composed  simply  of 
the  high-pressure  and  low-pressure  cylinders  of  a  triple- 
expansion  engine  htted  with  the  Wheelock  valve-gear. 
Much  compression,  together  with  a  clean  and  instanta- 
neous exhaust,  is  attained.  In  consequence  of  the  exces- 
sively heavy  unbalanced  pressure  in  the  high- pressure, 
two-cylmder  compound  engine,  a  very  pronounced  com- 
pression is  needful  to  relieve  the  cut-oft  valves  while  open- 
ing, and  is  the  only  practical  difference  resulting  from 
doing  away  with  the  intermediate  cylinders.  The 
Wheelock  slide-valve  has  only  j\-  in.  lap,  and  it  moves 
across  this  amount  during  the  dwell  of  the  piston  at  the 
end  of  the  stroke. 

So  much  for  hypothetical  argument.  But  there  is  a  very 
practical  side  to  all  this,  for  if  it  is  true  that  more  than 
two  cylinders  in  series  are  unnecessary  to  secure  to  the 
owner  of  the  engine  the  very  best  economy,  then  there  has 
been  a  great  deal  of  needless  expense  in  equipping  large 
steam  plants  of  recent  construction,  as,  most  notably,  in 
the  case  of  the  great  plant  of  the  West  End  Street  Rail- 
road, in  Boston.  The  extra  expense  entailed  by  the  addi- 
tion of  13  intermediate  cylinders,  foundations,  piping, 
etc.,  cannot  come  much  under  I60.000  or  $70,000,  and 
with  the  up-keep  of  all  this  extra  machinery,  this  sum 


A   SAFETY   WATER   GAUGE. 

the  foot-plate  of  a  tramway  locomotive,  or  the  stoke  hold 
of  a  torpedo  boat,  the  failure  of  a  glass  has  several  times 
caused  the  death  of  the  stoker,  not  to  mention  very  numer- 
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ous  injuries.  A  man  need  only  be  caught  for  a  second  or 
two  in  the  rush  of  boiling  water  and  steam  to  receive  in- 
juries rendering  him  incapable  of  flight,  and  causing  him 
to  sink  down  and  be  scalded  to  death. 

Several  attempts  have  been  made  to  design  gauge  fit- 
tings that  would  close  automatically  upon  the  breaking  of 
the  glass,  but  without  complete  success.  At  length,  how- 
ever, Messrs.  J.  Hopkinson  &  Company,  of  Britannia 
Works,  Hudderstield,  have  brought  out  the  fitting  shown 
in  the  annexed  engraving,  which  completely  answers  all 


Fig.  I. 


THE   VIEGE-ZERMATT  RAILROAD. 


(Condensed  from  Industries^ 


Of  the  great  number  of  English  tourists  who  every  sum- 
mer visit  Switzerland,  probably  only  a  comparatively  small 
percentage  ever  reach  Zermatt,  and  yet  the  little  mountain 
village,  lying  high  up  in  the  Pennine  Alps,  is,  perhaps, 
one  of  the  most  favored  spots  in  that  most  favored  coun- 
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PROFILE   OF   THE  VlfeCE-ZERMATT   RAILROAD. 


requirements,  protecting  the  stokers  perfectly,  and  being 
at  the  same  time  free  from  all  danger  of  giving  false  indica- 
tions. As  will  be  seen,  there  is  a  valve  both  in  the  steam  and 
in  the  water  arm,  and  both  these  valves  come  to  the  seat  in 
case  of  accident.  The  lower  ball  valve  A  is  made  so  heavy 
that  it  cannot  be  held  up  against  its  seat  by  the  pressure 
of  the  column  of  water  in  the  boiler,  and  consequently 
there  is  no  danger  of  the  water  being  trapped  in  the  glass 
and  kept  there  to  give  a  false  indication.  Further,  the  ball 
is  of  such  a  weight  that  it  will  not  be  carried  up  by  the 


Fig.  2. 


rolling  of  a  vessel  or  the  shaking  of  a  locomotive.  The 
ball  B  in  the  steam  arm  rests  over  the  upper  end  of  the 
supplemental  tube  C,  as  shown,  except  when  it  is  forced 
forward  against  its  seat,  as  shown  in  dotted  lines.  It  also 
is  safe  from  dislodgment  by  shaking. 

When  a  glass  breaks  the  water  pressure  in  the  lower 
arm  throws  the  valve  A  against  its  seat  and  stops  all  es- 
cape at  the  lower  end  of  the  glass.  At  the  same  time  the 
rush  of  water  up  the  supplemental  tube  Clifts  the  valve 
B.  This  is  then  forced  against  its  seat  by  the  steam,  and 
thus  all  escape  is  cut  off  instantaneously  and  certainly.  A 
new  glass  can  then  be  fitted  with  safety.  Upon  closing 
the  cocks  and  removing  the  clearing  screw  I)  in  front  of 
the  bottom  arm,  and  a  similar  screw  in  that  of  the  top 
arm,  the  valves  will  roll  out  of  the  gauge. 

We  are  sure  that  our  readers  will  recognize  the  merits 
of  this  gauge,  and  that  those  who  are  responsible  for  the 
safety  of  stokers  will  give  it  further  consideration. 


try.  The  reason  is,  however,  not  far  to  seek.  From 
Vi^ge,  where  the  Zermatt  Valley  joins  that  of  the  Rhone, 
some  27  miles  of  road  have  to  be  traversed,  for  the  first  12 
of  which  there  only  exists  a  mule  path.  Travelers  leaving 
the  trains  of  the  Jura-Simplon  Railroad  at  Vi^ge  had  still 
eight  or  nine  hours'  journey  before  them,  for,  owing  to 
the  mountainous  nature  of  the  paths  and  roads,  progress 
was  very  slow.  Once  in  Zermatt,  however,  the  discom- 
forts undergone  are  soon  forgotten.  For  the  geologist, 
the  botanist,  the  mountaineer  thirsting  for  a  chance  of 

distinguishing  himself,  and  the 
invalid— either  young  or  old — 
there  are  charms  untold.  From 
here  the  ascents  of  the  Matter- 
horn,  Monte  Rosa,  and  Briet- 
horn  are  made,  and  the  great 
glacier  panorama  of  the  Gor- 
nergrat  is  only  an  afternoon's 
walk  distant.  It  is  no  wonder, 
therefore,  that  in  spite  of  all 
hindrances  more  than  12,000 
tourists  have  found  their  way 
thither  during  the  last  few  years, 
and  that  Swiss  engineering  en- 
terprise, stimulated  by  its  previ- 
ous successes,  set  itself  the  task 
of  awakening  the  echoes  of  these 
Alpine  solitudes  with  the  shrill 
whistle  of  the  locomotive. 

The  building  of  the  railroad 
was  authorized  in  1886,  and 
the  first  survey  made  was  for  an  ordinary  adhesion  line 
with  maximum  grades  of  4,5  percent.  The  estimated  cost 
was  so  great  that  new  surveys  were  made,  and  the  final 
location  provided  for  the  introduction  of  sections  of  10  and 
12  per  cent,  grade,  to  be  worked  on  the  Abt  rack-rail  sys- 
tem. 

The  total  length  of  the  road  is  21.99  miles,  and  the  Zer- 
matt terminus  is  3,220  ft.  higher  than  the  starting  point  at 
Viege,  the  average  rise  being  146.5  ft.  per  mile.  The 
manner  in  which  the  rise  has  been  distributed  and  the 
grades  arranged  is  shown  in  the  accompanying  profile,  fig. 
I,  in  which  the  rack-rail  sections  are  shaded.  The  mini- 
mum radius  of  curvature  is  197  ft. 

The  line  is  of  i-meter  (39.37  in.)  gauge.  The  rails  are 
49  lbs.  to  the  yard,  of  steel,  and  are  laid  on  steel  ties  of  the 
Post  or  box  type  ;  these  ties  are  of  steel,  and  weigh  83  lbs. 
each.  The  rack-rail  on  the  Abt  system  consists  of  two 
plates,  each  i  in.  thick  for  gradients  of  10  per  cent,  and 
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upward,  and  ^  in.  thick  for  gradients  between  7  per  cent, 
and  10  per  cent.  The  entrance  points  of  the  rack-rail, 
being  carried  on  springs  borne  by  each  sleeper  and  con- 


nected by  a  link  of  i  m.  (39.37  in.)  in  length  to  the  next  rail, 
aHow  for  such  slight  variations  in  position  as  will  accom- 
modate the  pinions  on  the  axles  of  the  engine.     This  ar- 


rangement permits  the  engine  to  enter  the  rack  without 
slowing  down  abnormally. 

The  locomotives  are  adapted  to  both  the  ordinary  and 

the  rack-rail.  They  have 
four  driving-wheels  coup- 
led, a  pair  of  trailing-wheels 
behind  the  fire-box,  side 
tanks  and  a  coal-box  on  the 
rear  end.  The  driving- 
wheels  are  35.5  in.  in  di- 
ameter, and  the  trailing- 
wheels  23.6  in.  These  ad- 
hesion wheels  are  driven  by 
outside  cylindets  12.50  in. 
in  diameter  and  17.75  'i^* 
stroke.  The  driving-wheels 
are  spaced  6  ft.  5.25  in.  be- 
tween centers,  and  the  total 
wheel-base  is  14  ft.  1.5  in. 
The  boilers  have  a  total 
heating  surface  of  705  sq. 
ft.  ;  the  grate  area  is  13 
sq.  ft.,  and  the  working 
pressure  170  lbs. 

The  pinions  for  working 
on  the  rack-rail  are  under 
the  engine  ;  there  are  two 
of  them,  connected  by  par- 
allel rods.  They  are  driven 
by  two  inside  cylinders 
placed  in  the  smoke-box, 
about  on  a  line  with  the 
outside  cylinders  ;  they  are 
14.25  in.  in  diameter  and 
17.75  »n-  stroke.  The  pin- 
ions are  spaced  36.75  in. 
between  centers  ;  they  are 
27.25  in.  in  diameter  to  the 
pitch-line, and  the  teeth  are 
4.75  in.  pitch. 

The  locomotive  thus  real- 
ly consists  of  two  distinct 
engines,  the  outside  cylin- 
ders working  the  driving- 
wheels  on  the  adhesion  line, 
and  the  inside  cylinders  be- 
ing brought  into  use  on  the 
rack-rail  line.  Both  outside 
and  inside  cylinders  have 
the  Walschaert  valve  gear. 
The  locomotives  were  built 
by  the  Swiss  Locomotive 
Machine  Works  at  Winter- 
thur. 

The  cars  are  of  three 
kinds  :  second-class,  third- 
class  and  open  observation 
cars.  They  are  all  of  the 
same  size,  weighing  about 
12  tons  each,  and  carried  on 
two  four-wheel  trucks.  The 
second-class  and  observa- 
tion cars  can  seat  48  pas- 
sengers each,  and  the  third- 
class  cars  56.  They  are  fitted 
with  vacuum  brakes  and 
with  special  brakes  work- 
ing on  the  rack-rail.  The 
locomotives  have  driver 
brakes. 

The    special    works    re- 
quired are  not  very  heavy, 
as  the  adoption  of  the  rack- 
rail  and  heavy  grades  per- 
mitted the  line  to  follow  the 
natural  conformation  of  the 
valley.   There  arc  five  short 
tunnels,  with  a  total  length  of  784  ft.     There  are  a  num- 
ber of  small  bridges,  but  the  only  large  bridge  is  the 
Muhlbach^  Viaduct,  a  sketch  of  which  is  shown  in  figs.  2 
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and  3.  This  bridg^e  spans  a  ravine,  is  219  ft.  long  over 
all,  and  148  ft.  in  height  from  the  bottom  of  the  valley  to 
the  rail.  The  span  of  the  arch  is  176  ft.  The  general 
construction  is  shown  in  the  sketch. 

This  road  was  partly  completed  in  1890  ;  it  was  opened 
to  Zermatt  in  July  last,  and  carried  a  large  number  of  pas- 
sengers this  season.  It  is  not  operated  in  the  winter.  The 
cost  complete,  with  a  single  track,  was  about  $50,000  per 
mile. 


THE    PHILADELPHIA   &    READING   TERMINAL 

STATION. 


The  new  terminal  station  of  the  Philadelphia  &  Reading 
Railroad  Company,  in  Philadelphia,  is  probably  the  most 
important  structure  of  its  kind  now  in  progress  in  this 
country.  It  will  replace  the  old  passenger  stations,  and 
will,  for  the  first  time,  give  the  Reading  Company  con- 
venient and  sufficient  accommodations  for  its  business. 
For  the  accompanying  illustrations,  which  show  a  general 
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view  of  the  main  building  as  it  will  appear  when  complet- 
ed, and  a  plan  of  the  main  floor  of  the  station,  we  are  in- 
debted to  the  Company. 

The  main  building,  which  is  situated  at  the  corner  of 
Twelfth  and  Market  streets,  in  Philadelphia,  is  266  ft. 
front  on  Market  Street,  100  ft.  deep  and  132  ft.  high  from 
the  pavement  to  the  top  of  the  cornice.  It  is  divided  into 
eight  floors,  and,  as  the  illustration  shows,  is  of  a  hand- 
some and  rather  striking  design  of  the  Renaissance  order. 
The  material  for  the  lower  floors  up  to  the  balustrade 
which  surmounts  the  entrance  arches  is  of  a  pinkish  gran- 
ite. The  upper  stories  will  be  of  light-colored  brick  with 
terra-cotta  trimmings. 

As  will  be  seen  from  the  illustrations,  the  lower  or 
ground  floor,  with  the  exception  of  the  entrance  to  the  sta- 
tion, which  is  on  a  level  with  the  sidewalk,  is  a  few  steps 
below  the  street  ;  and  this  long  basement  is  given  up  to 
stores,  of  which  there  will  be  six  on  the  Market  Street 
front  and  one  on  Twelfth  Street.  Behind  these  and  under 
the  train-house  are  the  cab-stands  and  approaches  for  bag- 
gage wagons  in  the  rear  of  the  main  building. 

On  the  first  floor  of  the  main  building  are  the  ticket 
offices,  a  large  passenger  lobby  and  the  baggage  rooms. 
On  the  corner  of  Twelfth  and  Market  streets  is  the  treasury 
department  of  the  Company,  and  at  the  other  Market  Street 
comer  the  offices  of  the  Treasurer  of  the  Coal  &  Iron  Com- 
pany. 

The  second  floor  contains  the  general  waiting-room, 
100  X  75  ft.,  with  the  ladies'  room,  44  x  56  ft.,  to  the 
right,  and  the    dining-room    and   restaurant  to  the  left. 

These  will  be  fitted  up  in  the  latest  and  most  approved 


style.  In  front  is  a  balcony  overlooking  Market  Street, 
which  will  be  a  delightful  spot  in  pleasant  weather  for  per- 
sons who  have  time  on  their  hands  waiting  for  trains. 

There  is  a  half  story  between  the  second  and  third 
floors,  which  will  contain  the  offices  of  the  operating  de- 
partment of  the  Reading  Terminal  Company.  The  re- 
maining floors  will  be  used  for  the  general  offices,  now 
located  at  No.  227  South  Fourth  Street.  President 
McLeod's  offices  will  be  at  the  corner  of  Twelfth  and 
Market  streets,  on  the  third  floor,  adjoining  the  Board 
rooms,  reception-rooms,  etc.  The  eighth  floor  will  be 
used  for  storage  and  for  mechanical  apparatus  for  heat- 
ing, lighting,  etc.,  all  of  which  will  be  of  the  most  approved 
pattern. 

The  train-shed,  which  is  rear  of  the  main  building,  has 
the  same  width  and  extends  through  to  Arch  Street.  The 
tracks  are  on  a  level  with  the  second  floor  of  the  main 
building,  and  are  entered  by  trains  from  the  elevated  struc- 
ture which  the  Reading  Terminal  Company  is  now  build- 
ing. Filbert  Street  passes  under  this  shed,  and  the  base- 
ment under  the  train-house  from  Filbert 
Street  north  is  occupied  by  the  Market 
House,  which  the  terminal  was  required 
to  construct  under  its  contract  with  the 
city.  The  train-house  is  wide  enough  to 
contain  13  tracks  with  the  necessary  plat- 
forms, and  the  tracks  are  of  sufficient 
length  to  accommodate  the  longest  train 
usual. 

The  building  has  been  designed  under 
the  direct  supervision  of  President  Mc- 
Leod,  who  furnished  all  the  main  features 
of  the  design,  and  has  also  paid  careful 
attention  to  details.  His  object  was  to 
secure  a  desirable  architectural  effect  with 
the  greatest  possible  convenience  in  ar- 
rangement, and  it  is  believed  that  he  has 
succeeded. 

Work  is  now  being  pushed  on  the  sta- 
tion as  fast  as  possible.  The  rear  end  of 
the  train-house  and  the  market-house  will 
be  completed  during  the  winter,  and  it  is 
expected  that  the  building  will  be  so  far 
finished  that  trains  can  begin  to  use  it  by 
September  next,  although  the  entire  struc- 
ture will  not  be  ready  for  occupancy  be- 
fore December,  1892, 

Philadelphians  and  other  travelers  who 
are  obliged  to  use  the  present  very  cramp- 
ed and  inconvenient  station  of  the  Company  at  Ninth  and 
Green  streets  will  appreciate  highly  the  advantages  to  be 
gained  by  the  change  to  the  new  building. 


THE  ESSENTIALS  OF  MECHANICAL  DRAWING. 


By  M.  N.  Forney. 


(Copyright,  1890,  by  M.  N.  Forney.) 


(Continued from  f  age  521) 


CHAPTER   yi\\\.—(Continutd:s 
OBLIQUE   PROJECTION   OF   A   SPUR   WHEEL.* 

In  drawing  a  spur  wheel  or  other  object  in  an  oblique  posi- 
tion, with  respect  10  the  vertical  plane  of  projection,  it  is  neces- 
sary, in  the  first  place,  to  lay  down  the  elevation  and  plan  as 
if  it  were  parallel  to  that  plane,  as  represented  in  figs.  348  and 
349.  Then  transfer  the  plan  to  fig.  351,  giving  it  the  same  in- 
clination to  a  horizontal  line  which  the  wheel  in  the  side  view 
ought  to  have  to  a  vertical  plane.  Assuming  thvt  the  hori- 
zontal lines  A  G  and  H  B  pass  through  the  center  and  axis  of 
the  wheel  both  in  the  parallel  and  oblique  projections,  figs. 
348  and  350,  the  center  of  its  front  face  in  the  latter  position 
will  be  determined  by  the  intersection  of  a  perpendicular  raised 
from  the  point  C,  fig.  351,  with  that  axis.  Now  it  is  obvious 
that  if  we  take  any  point,  as  a  in  fig.  348,  the  projection  of  that 
point  in  fig.  350  must  be   in   the  line  a  a,  parallel  \.o  A  G  and 

*  The  elucidation  of  the  method  of  drawing  an  oblique  projection  of  a  fpur 
wheel,  and  the  engravings  illustrating  it,  are  taken  from  the  *'  Frpirrrr  ?p^ 
Machinists'  Prawing-Bgok," 
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H  B ;  and  furti^er,  this  point  being  projected  at  a'  in  fig.  349 
and  transferred  to  fig.  351,  that  its  projection  in  fig.  350  must 
be  in  the  perpendicular  a  a,  figs.  350  and  351.  Therefore  the 
intersection  of  these  two  lines  is  tbe  point  required.  Thus  all 
the  remaining  points,  b,  c,  d,  etc.,  may  be  obtained  by  the  in- 
tersections of  the  perpendiculars  raised  from  the  points  b\  c' ,  d' , 
etc.,  fig.  351,  respectively,  with  the  horizontals  drawn  through 
the  corresponding  points  in  fig.  348.  It  will  also  be  observed 
that  since  the  poinis  e  and  f  in  the  further  face  of  the  wheel 
have  their  projections  in  a  and  b,  fig.  348,  their  oblique  projec- 
tions will  be  situated  in  the  lines  a  a  and  b  b  ;  but  they  are  also 
at  /and  //  consequently  the  lines  /a  and/  b,  fig.  350,  are  the 
oblique  projections  of  the  edges  a  e'  and  b'  /' ,  fig.  351.  We  have 
now  to  remark  that  all  the  circles  which,  in  the  rectangular  el- 
evation, fig.  348,  been  employed  in  the  construction  of  this 
wheel,  are  projected  in  the  oblique  view  into  ellipses  the 
length  and  position  of  whose  axes  may  be  determined  with- 
out any  difficulty  ;  for  since  the  planes  F"  G ,  figs.  349  and  351, 
in  which  these  circles  are  situated,  are  vertical,  the  major  axes 
of  all  the  ellipses  in  question  will  obviously  be  perpendicular 
to  the  line  H  B  and  equal  to  the  diameters  of  the  circles  of 
which   they  are  respectively  the  projections  ;  and  the  minor 

axes,  representing  the  horizontal  diameters,  will  all  coincide 
"with  the  line  H  B.  Thus,  to  obtain  the  ellipse  into  which  the 
pitch  circle  is  projected,  it   is  only   necessary  to  set  off  upon 

the  vertical  D  E,  fig.  350,  above  and  below  the  point  C,  the 
radius  of  the  pitch  circle,  whose  horizontal  diameter  i  j  being 
at  if,  fig.  351,  is  projected  to  i  j,  fig.  350;  and  thus,  having 
obtained  the  major  and  minor  axes,  the  ellipse  in  question  may 
easilv  be  constructed.  The  intersections  of  the  horizontallines 
g i,  ^  h,  etc.,  figs.  348  and  350.  with  this  circle  gives  the  ihick- 


Fig.  352- 
ness  of  the  tooth  ^  A  at  the  pitch  line  ;  and  by  projecting  in 
the  same  manner  the  circles  bounding  the  extremities  and  roots 
of  the  teeth,  these  points  in  each  individual  tooth  may  be  deter- 
mined by  a  similar  process.  But  since,  in  cases  where  strict 
accuracy  is  required,  a  greater  number  of  points  is  necessary 
for  the  construction  of  the  curvature  of  the  teeth,  two  addi- 
tional circles,  «;wand/<7,  may  be  drawn,  fig.  348,  and  pro- 
jected to  fig.  350,  where  the  corresponding  points  are  indicated 
by  the  same  letters. 

It  is  almost  unnecessary  to  observe  that  the  instructions  we 
have  given  for  the  drawing  of  the  anterior  or  front  face  F  G 
of  the  wheel  are  equally  applicable  to  the  posterior  or  back  face 
/T  /',  which  is  parallel  to  it.  and  in  all  respects  the  same  ;  the 
common  center  of  all  the  circles  in  it  being  O' ,  fig.  351,  is  pro- 
jected to  O  in  fig.  350.  Hence  it  will  be  easy  to  construct  the 
ellipses  representing  these  circles  in  the  oblique  projection,  and 
consequently  to  determine  the  points  e,  /,  k,  etc.,  in  the  curva- 
ture of  the  teeth  :  observing  that,  as  their  center  lines  converge 
to  C  in  the  front  face,  they  all  tend  to  O  in  the  lemoter  surface, 
which  is,  however,  for  the  most  part  concealed  by  the  former. 

It  would  be  superfluous  to  enter  into  any  details  regarding 


the  construction  of  the  oblique  view  of  the  rim,  hub  and  anns, 
which  are  drawn  upon  precisely  similar  principles  to  those  which 
have  already  been  so  fully  explained. 

INTERNAL   GEARS. 

F'K-  352  represents  a  gear  wheel.  A,  in  which  the  pinion  B 
is  within  the  circumference  of  the  pitch  circle.  Such  gears  were 
formerly  quite  extensively  used,  but  of  late  years  they  have 
come  to  be  considered  as  clumsy  contrivances,  and  are  rarely 
used  except  in  special  mechanisms.* 

.X 


■+---- 


Fig.  353. 


The  method  of  laying  off  cycloid  teeth  for  such  gears  is  as 
follows  : 

Let  A  A',  fig.  353.  and  B  B'  be  arcs  of  the  pitch  circles  of  a 
wheel  with  36  teeth  of  i  in.  pitch,  and  of  an  internal  geared 
pinion  with  16  teeth,  and  F  the  pitch-point  ;  Ca  tooth  belong- 
ing to  the  wheel,  and  Z>  one  on  the  pinion.  The  flank  P  a  of 
the  tooth  C  works  on  the  face  F  b  of  the  tooth  Z?.  The  outline 
of  the  flank  /*  a  is  an  epicycloid  described  by  the  rolling  of  a 
generatins:  circle,  F,  on  the  pitch  circle  A  A'  of  tbe  wheel  ;  and 
the  outline  of  the  face  P  b  of  the  tooth  of  the  wheel  is  also  an 
epicycloid,  described  by  the  rolling  of  F  on  the  pitch  circle  B  B' 
of  the  pinion.  The  face  F  a  of  the  wheel  tooth  C  works  with 
the  flank  F  b'  of  the  pinion  tooth  D.  The  outline  of  /"  a'  is  a 
hypocycloid,  described  by  a  generating  circle,  F',  rolling  inside 
of  the  pitch  circle  A  A'  of  the  wheel  ;  and  the  flank  F  b'  is  de- 
scribed by  the  rolling  of  F'  inside  of  the  pitch  circle  B  B'  of 
the  pinion.  As  the  diameter  of  F'  is  in  this  case  half  that  of 
the  pitch  circle  of  the  pinion,  F  b'  is  a.  straight  line.f 

BEVEL   GEARS. 

It  has  been  explained  that  the  action  of  spur  wheels  in  rela- 
tion to  each  other  is  similar  to  that  of  two  revolving  cylinders 
whose  surfaces  are  in  contact  and  whose  axes  are  parallel.    The 
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cylindrical  surfaces  which  are  in  contact,  and  t 
outlines  form  the    pitch  circles,  may  be  railed 


rhose  circular 
the    ir'ivii'.Tt 


*  I.  Howard  CromwelPs  "Treatise  on  Toothed  Gearine.'' 
t  From  Unwin's  ''Elements  of  Machine  Design." 
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cylinders  or  pitch  surfaces.  These  can  re- 
volve in  contact  with  each  other  without 
sliding.  If  the  axes  of  gear  whesls  are  not 
parallel  and  would  intersect  each  other  if 
extended  sufficiently,  then  the  pitch  surfaces 
must  be  cones  in  order  to  revolve  in  con- 
tact without  sliding.  This  is  shown  in  fig. 
354,  in  which  a  b  c  and  a  b  d  are  two  cones 
in  contact  on  the  line  ab  ;  ae  and  a  f  being 
their  axes.  It  is  evident  that  two  such 
cones  can  revolve  in  contact  with  each  other 
without  sliding.  Usually  the  axes  of  bevel 
wheels  are  at  right  angles  to  each  other,  but 
it  will  make  no  difference  in  their  action  if 
their  angle  of  inclination  is  not  a  right  an- 
gle, as  shown  in  fig.  355.  Usually  the  pitch 
surfaces  of  bevel  wheels,  called  primitive 
ot  pitch  cones,  consist  of  parts  only  or  frus- 
trums  of  cones.  Thus  in  figs.  354  and  355 
the  conical  surfaces  of  the  parts  c  g  h  b  and 
b  h  i  d  would  form  the  pitch  surfaces  ;  the 
portions  a  g  h  and  a  i  h  of  the  cones  are  re- 
moved so  that  either  of  the  shafts,  as  j  f, 
fig-  355'  niay  be  extended  in  front  of  one 
of  the  wheels  without  coming  in  contact 
with  the  wheel  A.  It  will  also  be  seen  that 
if  the  teeth  which  are  formed  on  the  pitch 
cones  were  extended  near  to  their  vertices 
at  a,  that  the  teeth  would  be  too  weak  to 
stand  the  service  required  of  them.  The 
vertices  of  the  cones,  as  shown  in  the  fig- 
ures, coincide,  and  are  drawn  from  a,  the 
intersection  of  the  axes  a  e  and  a  /  ol  the 
two  wheels. 

In  estimating  the  velocity  ratio  of  bevel 
wheels,  any  two  contiguous  diameters,  as 
c  b  and  b  d  ox  k  I  and  /  m,  fig.  355,  of  the 
primitive  cones  may  be  taken,  but  conven- 
iently the  largest  pitch  diameters,  as  r^  and 
b  d,  are  usually  spoken  of  as  the  diameters 
of  the  wheel  and  pinion.  Bevel  wheels 
which  are  of  the  same  diameter  are  often 
called  miter  wheels. 

The  method  of  laying  ofi  a  pair  of  such 
wheels  will  first  be  described.  The  posi- 
tions of  the  axes  of  the  wheels  bemg 
known — in  this  case  at  right  angles  to  each 
other — their  center  lines  a  f  and  a  e,  fig. 
356,  are  drawn.  The  number  of  teeth — 
32 — and  the  pitch— 2  in. — being  known,  a 
simple  calculation  gives  the  diameter  of 


the 


pitch  circles  at 
20^3  in.  From  a,  the  point  of  intersection  of  the  axes  of  the 
two  wheels,  lay  off  on  a/"  and  a  e  distances  a  J  and  a  k,  each  = 
to  10,^^  in.,  or  half  the  pitch  diameter.  Through  the  points  J 
and  k  thus  laid  down,  draw  lines  c  b  and  d  b  perpendicular  to 
a /and  a  e,  and  ixomj  and  k  lay  off  distances^  </,  y  b,i  b  and 
k  c,  each  equal  to  half  the  diameter  of  the  pitch  circle.  Then 
from  c,  b  and  d  draw  lines  to  a  ;  c  a  b  and  bad  will  then  be  the 
primitive  or  pitch  cones  for  the  two  wheels.  The  teeth  must 
be  formed  on  these  cones  in  somewhat  the  same  way  as  teeth 
are  constructed  for  spur  wheels  on   the  primitive  cylinder  of 


355- 


which  the  pitch  circle  is  the  outline.  There  will  be  the  differ- 
ence, however,  that  while  the  sides  and  the  tops  and  bottoms 
of  the  teeth  of  spur  wheels  are  parallel,  those  of  bevel  wheels 
will  converge  to  the  vertex  of  the  cone  on  which  they  are 
formed. 

In  laying  out  two  miter  wheels,  as  shown  in  fig.  356,  they  are'rep- 
resented  in  section,  and  are  supposed  to  be  cut  by  a  plane  pass- 
ing through  their  axes.  This  mode  of  representation  has  been 
adopted  for  the  purpose  of  enabling  us  with  greater  facility  to 
arrive  at  the  true  form  of  the  exterior  extremities  of  the  teeth, 
and  to  show  tue  mode  of  deriving  from  them  the  general  form. 


Fig-  356. 


To  lay  off  the  teeth,  first  draw  lines  through  c,  h  and  d  per- 
pendicular to  c  a,  b  a  and  d  a,  and  extend  these  lines  so  as  to 
intersect  a  e  and  a  f.*  From  c,  b  and  d  lay  o^  on  c  a,  b  a  and 
da  tbe  distances  eg,  b  h  and  d  i  ^=  to  the  length  of  the  teeth,  in 
this  case  —  2%  times  the  pitch,  and  through  g  i  and  i  draw 
other  lines  perpendicular  to  the  pitch  surfaces.  From  c,  b  and 
d  set  off  distances  c  \,b  \  and  d  i  —  \.o  the  depth  from  the  pitch 
circle  to  the  tip  of  the  tooth  ;  and  also  lay  oS  c  2,  b  2  and 
d  2  =  the  depth  from  the  pilch  circle  to  the  base  of  tooth. 
From  the  points  1,1,1  and  2,  2,  2  draw  lines  converging  to  the 
vertex  a  of  the  two  cones.  These  lines  between  c  and  ^,  b  and 
c,  d  and  i  will  then  represent  the  outlines  of  the  teeth.  The 
thickness  of  the  rim  and  of  the  plate  or  arms  are  laid  ofi  of  the 
same  proportions  as  for  spur  wheels. 

It  has  been  explained  that  the  largest  pitch  diameters,  as  /  3 
and  d  b,  are  usually  assumed  to  be  the  diameters  of  the  wheels. 
By  connecting  the  points  /  and  h  or  h  and  i,  fig.  356,  we  will 
have  another  pitch  diameter  which  will  be  useful  in  laying  out 
different  views  of  the  wheels.  The  first  or  larger  diameter,  e  b, 
is  called  the  maj0r pitch  diameter,  and  its  corresponding  circum- 
ference the  major  pitch  circle  ;  the  second  or  smaller  one,  g  h,  is 
called  the  minor  pitch  diameter,  and  its  circumference  the  minor 
pitch  circle. 

In  drawing  a  plan  and  side  view  of  one  of  the  wheels  which  is  rep- 
resented in  section  in  fig.  356,  first  draw  a  center  line,  m  o  a  e, 
fi?s.  357  and  358.  Then  from  <?  as  a  center  and  aradius  equal  to 
half  the  major  pitch  diameter,  draw  the  major  pitch  circle/  q  r  s, 
^^'  357>  and  from  the  same  center  and  a  radius  equal  to  half 
the  minor  pitch  diameter,  draw  the  minor  pitch  circle  t  u  v  w. 
Subdivide  the  major  pitch  circle  into  the  required  number  of 
equal  divisions  for  the  teeth — in  this  case  32.  Take  one-half 
the  diameter  D  in  fig.  356,  measured  over  the  tips  i  I  of  the 
teeth,  as  a  radius,  and  with  it  draw  a  circle  from  o,  in  fig.  357, 
outside  the  major  pitch  circle  ;  and  with  another  radius  =  one- 
half  of  C,  fig.  356,  the  diameter  at  the  roots  of  the  teeth,  draw 


r 


*  To  save  room  i«  the  engraving,  the  intersection  with  a/\&  not  shown. 
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another  circle  from  o  in  fig.  357  inside  of  the  major  pitch  circle. 
These  two  circles  will  define  the  limits  of  the  outer  tips  and 
roots  of  the  teeth  in  the  plan.  With  one-half  the  minor  diame- 
ters E  and  F  measured  over  the  inner  tips  and  roots  of  the  teeth 
in  fig.  356  draw  other  circles  inside  and  outside  of  the  minor 
pitch  circle  in  fig.  357. 

In  order  to  lay  out  the  forms  of  the  teeth  it  will  be  supposed 
that  the  lines  drawn  through  b  and  <',  fig.  356,  perpendicular  to 

Fig.  357- 


Fig  358 
the  pitch  lines  a  b  and  a  c  are  extended  to  ^y  c  e  b  then  repre- 
sents what  is  called  a  iant^ent  cone,  on  the  surface  of  nhich  at  c 
and  b  the  teeth  are  laid  off.  As  explained  in  Chapter  XIII,  if 
the  surface  or  envelop  of  a  cone  is  spread  out  flat  it  will  be  a 
sector  of  a  circle,  whose  radius  is  equal  to  the  length  ^  ^  of  the 
side  of  the  cone.  In  order,  therefore,  to  find  the  form  and 
dimensions  of  the  teeth,  we  must  conceive  a  portion  of  the  sur- 
face of  the  cone  A  ^  ^  to  be  developed  or  spread  out  upon  a  plain 
surface,  for  which  purpose  let  the  line  ^  ^  be  supposed  to  be 
moved  parallel  to  itself  to  e  b'  or  to  any  convenient  distance  be- 
yond the  figure,  and  with  /  b'  as  a  radius  describe  an  arc  b  b' 
b"  of  a  circle,  and  from  a  center  on  /  b'  extended  ;  and  the  wheels 
being  each  of  the  same  diameter— with  the  same  radius — de- 
scribe another  arc  tangent  to  b  b'  b" .  These  will  be  arcs  of 
pitch  circles  upon  which  the  operation  of  setting  out  and  draw- 
ing the  curvature  of  the  teeth  is  to  be  performed  precisely  as  in 
the  case  of  spur  gearing.*  In  the  present  instance  involute 
teeth  have  been  drawn,  but  cycloidal  teeth  may  be  used. 


^  *  "  EagiQccr  and  Machinists*  Drawing-Book." 


Then  from  the  points  of  division  for  the  teeth  on  tfte  major 
pitch  circle  in  fig.  357  lay  off  one-half  the  thickness  of  the  teeth 
on  each  side.  Through  one  of  the  points  of  division  draw  a 
center  line,  as  ni  o.  Frrm  fig.  356  take  one-half  the  width  of 
the  tip  of  the  tooth,  as  shown  at  b\  and  lay  it  cff  each  way  from 
the  center  line  m  0,  fig.  357,  on  the  circle  outside  ol  the  major 
pilch  circle.  From  fig.  356  take  ore-half  the  width  of  the  tooth 
at  its  root  or  base,  and  in  the  same  way  s<  t  it  off  frcm  m  c,  fig. 
357,  on  the  circle  which  has  been  drawn  inside  of  the 
major  pitch  circle.  This  then  gives  three  points,  i,  2, 
3  and  1',  2',  3'  in  the  outline  of  each  side  of  the  tooth, 
as  shown  in  the  plan.  From  these  find  centers  6  and 
7  of  arcs  of  circles  which  will  each  pass  through  three 
of  the  points.  Draw  a  circle  of  centers  6  7  through  the 
centers  of  the  arcs  ;  then  with  the  radius  of  the  arcs  thus 
found,  and  from  centers  located  in  the  circle  of  centers, 
similar  arcs  may  be  drawn  through  the  points  on  the 
pitch  circle,  which  represent  the  thickness  of  the  teeth, 
to  show  the  outlines  of  the  outer  ends  of  the  teeth  in 
the  plan.  Having  done  this,  radial  lines  should  be 
drawn  from  the  corners  I,  i'  and  3,  3'  of  the  outer  tips 
and  roots  of  the  teeth  toward  the  center  o  and  to  the 
circles  within  and  without  the  minor  pitch  circle  t  u 
V  w.  These  lines  will  represent  the  corners  of  the  teeth 
in  the  plan.  From  2  and  2'  on  the  major  pitch  circle 
draw  radial  pencil  lines  toward  0,  intersecting  the  minor 
pitch  circle  at  /.  The  intersections  of  the  radial  lines 
drawn  from  i,  i,  with  the  circle  outside  of  the  minor 
pitch  circle  at  /,  will  give  the  width  of  the  tip  of  the 
tooth  at  its  inner  end.  Ihe 
intersection  of  the  lines  drawn 
from  2  2'  with  the  minor  pitch 
circle  will  give  the  width  of 
the  inner  end  of  the  tooth  on 
the  minor  pitch  circle,  and 
the  intersection  of  the  lines 
drawn  from  3  3'  with  the  circle 
inside  of  the  minor  pitch  cir- 
cle will  give  the  width  of  the 
inner  end  of  the  tooth  at  its 
root.  These  three  intersec- 
tions will  give  three  points  in 
the  outline  of  the  inner  end  of 
the  tooth  through  which  arcs 
can  be  drawn  in  the  !>ame  way 
as  already  explained  for  the 
outer  end. 

For  the  side  view,  fig.  358, 
of  the  wheel  extend  the  center 
line  m  a  to  e,  and  lay  down 
the  major  pilch  diameter  c  b 
and  pitch  cone  c  ab,  i&  already 
explained.  Measure  off  one  a 
and  b  a  the  length  eg  and  b  h 
of  the  teeth,  and  draw  the  mi- 
nor pitch  diameter  g  h.  Then 
from  fig.  356  take  the  vertical 
distance  6  7  of  the  outside  end 
of  the  tip  of  the  tooth  above 
the  pitch  diameter  c  b  and  lay 
it  off  above  c  b\n  fig.  358,  and 
draw  a  pencil  line,  i  i',  paral- 
lel to  c  b.  Also  take  the  ver- 
tical distance  6  8  of  the  root 
of  the  tooth  below  the  pitch  di- 
ameter from  fig.  356.  and  draw 
another  pencil  line,  2  2',  in  fig.  358,  parallel  to  r  ^  at  the  required 
distance  below  it.  Proceed  in  the  same  way  for  the  smaller  ends 
of  the  teeth,  and  draw  lines  parallel  to  ^  A  to  represent  the  tips 
and  roots  at  that  end.  Then  from  each  of  the  teeth  shown  in 
the  lower  half  of  fig.  357  project  lines,  as,  for  example,  a  a', 
from  the  corners  of  the  outer  ends  of  the  tips  to  the  line  i  i'. 
The  intersections  at  a  will  define  the  position  of  the  corner  of 
the  tip  of  the  tooth  in  the  side  view.  Then  from  b,  fig.  357,  the 
intersection  of  the  major  pitch  circle  with  the  side  of  the  tooth, 
draw  another  line,  b  b' ,  intersecting  the  pitch  diameter  c  b  at  b' 
in  fig.  358.  Draw  a  similar  line  from  c,  the  root  of  the  tooth  in 
fig.  357,  to  the  line  2  2  in  fig  358,  intersecting  it  at  c .  Then 
a  b'  c'  will  be  three  points  in  the  outline  of  the  tooth  through 
which  an  arc  of  a  circle  or  other  curve  may  be  drawn  which 
will  represent  the  outline  of  the  end  of  the  tooth.  Proceed  in 
the  same  way  for  each  tooth  and  mark  the  points,  and  then 
draw  curves  through  these  points  with  a  pencil  by  hand.  These 
may  then  be  inked  in  most  conveniently  with  the  aid  of  an 
irregular  curved  template  similar  to  that  shown  by  fig.  359, 
which  can  be  adjusted  to  the  curves. 

Having  laid  down  the  points  representing  the  angles  of  the 
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outer  ends  o(  the  teeth,  converging  lines  should  be  drawn  from 
them  toward  the  vertex  a,  fig.  358,  and  intersecting  the  lines 
drawn  parallel  to  ^  //,  which  define  the  lips  and  roots  of  the 
small  ends  of  the  teeth.  The  curves  representing  the  small 
ends  are  laid  down  in  the  same  way  as  described  for  the  large 
ends. 

TO   BE  CONTINUED. 


Manufactures. 


A  Heavy  Standard  Molder. 


The  accompanying  illustration  represents  an  extra  heavy 
standard  12-in.  molder  made  by  the  Egan  Company.  This 
machine,  it  is  claimed,  is  equal  in  capacity  to  any  inside  molder, 
and  has  all  the  advantages  of  an  outside  molder  in  setting  up 
for  heavy  or  light  work.  It  can  be  used  as  a  timber  dresser 
also,  and  will  dress  up  8  X  8-in.  timbers  on  all  four  sides  at 
one  operation.  It  is  especially  adapted  for  heavy  building 
material,  car  work  and  the  like. 

The  frame  is  very  heavy,  well  braced,  with  ample  floor 
space.  It  is  made  extra  long,  so  that  the  bells  have  great  pull- 
ing capacity  and  every  advantage  and  convenience  for  easy 
running.  The  spindles  are  made  of  the  best  cast  steel,  large  in 
diameter,  and  run  in  extra  long  self-oiling  boxes,  lined  with 
genuine  Babbitt  metal.  The  patent  outside  bearing  is  of  the 
latest  improved  construction.  It  goes  to  the  floor  and  is  braced 
by  a  solid  projection  from  the  base  of  the  frame.  No  bolts  or 
outside  boxes  have  to  be  taken  off  to  raise  and  lower  the  bed. 

The  side  heads,  with  their  spindles,  raise  and  lower  with  the 
table,  and  both  inside  and  outside  spindles  are  adjustable  ver- 
tically and  horizontally,  while  in  operation,  by  hand  wheels  on 
the  front  side  below  the  bed.     The  under  head  is  also  adjustable 


NEW   EXTRA    HEAVY   12-IN.   STANDARD   MOLDER. 

laterally.  These  are  great  improvements  on  molders,  and  will 
be  appreciated  by  all  first-class  operators.  There  are  chip 
breakers  to  every  head,  and  in  this  there  is  a  marked  advan- 
tage, as  there  can  be  no  tearing  on  any  of  the  heads,  the  way 
these  improvements  are  rigged. 

The  patent  bonnet  is  adjustable  to  or  from  the  head,  inde- 
pendent of  the  adjustable  shoe,  which  can  be  brought  clear 
under  the  knife.  The  bonnet  swivels  on  a  stud  and  can  be 
swung  clear  out  of  the  way,  giving  free  access  to  the  knives. 
The  pressure  foot  for  the  lower  head  is  a  cored  arm,  projecting 
from  the  back  o£  the  frame  and  supported  at  the  front  of  the 
bed,  making  a  very  stiff  and  reliable  pressure  foot,  holding  the 
work  down  solid  to  the  bed,  thereby  doing  perfect  work  on  the 
lower  cylinder. 

The  feed  is  extra  powerful,  and  consists  of  four  rolls,  two  in 
the  bed  and  two  above,  all  driven  by  powerful  gearing,  and 
the  expansion  for  driving  the  lower  rolls  is  very  perfect.  There 
are  two  feeds  on  the  machine.  The  upper  feed  spindles  are 
hung  on  links  in  such  a  manner  that  the  feed  rolls  raise  up 
parallel,  giving  the  feed  rolls  a  fuli  bearing  on  the  board  the 
entire  width  of  the  piece.  By  an  improved  system  of  weight- 
ing, the  feed  rolls  can  be  instantly  raised  up,  allowing  the 
operator  to  slip  the  board  back. 

Further  information  can  be  obtained  from  the  builders,  the 
Egan  Company,  Nos.  194-214  Front  Street,  Cincinnati,  Ohio. 
♦ 

Baltimore  Notes. 


Surveys  have  been  made  and  preparations  are  being  made 
for  the  construction  of  the  Washington  &  Chesapeake  Beach 
Railroad.  The  road  will  be  30  miles  long,  single  track,  stand- 
ard gauge,  and  will  run  from  Washington  to  a  point  on  Chesa- 
peake Bay  near  Fair  Haven. 

Work  on  the  new  electric  line  to  Curtis  Bay,  to  be  known 
as  the  South  Baltimore  &  Curtis  Bay  Railroad,  will  be  com- 
menced January  i,  1892,  and  the  road  put  into  operation  by 
March,  connecting  with  the  Blue  Line  horse  cars,  which  will 
be  cabled.  The  power  and  car  houses  will  be  built  by  the 
Pyan  &   McDonald  Company   and  the  South   Baltimore   Car 


Works.  A  300-H.P.  steam  plant  will  be  put  in  the  power 
house,  which  is  to  consist  of  one  story  about  50  X  90  ft.  The 
building  will  be  constructed  of  fireproof  brick,  but  the  car  house 
will  be  of  iron,  60  X  150  ft.  The  contract  for  building  th.e 
road-bed,  etc.,  has  been  awarded  to  Rutheiford  &  Seddon. 

The  Mt.  Clare  Shops,  Baltimore  &  Ohio  Railroad,  have  just 
received  an  order  for  the  construction  of  31  standard  four-wheel 
caboose  cars. 

The  Baltimore  &  Ohio  Railroad  will  run  its  trains  into  the 
Wisconsin  Central  Station,  at  Chicago,  on  December  i.  ■ 

Work  on  the  new  stone  bridge  at  North  Avenue  and  lones 
Falls,  Baltimore,  Md.,  will  soon  commence.  The  grade  of  the 
avenue  will  be  raised  several  feet  on  both  sides  of  the  bridge. 
The  cost  will  be  about  $400,000. 


General  Notes. 


The  Baldwin  Locomotive  Works  are  building  five  decapod 
freight  engines  for  the  New  York,  Lake  Erie  &  Western  Rail- 
road. These  engines  will  weigh  177,000  lbs.  each,  and  will  be 
of  the  Vauclain  compound  type,  with  cylinders  16  in.  and  27 
in.  in  diameter  and  28  in.  stroke. 

At  the  shops  of  William  Sellers  &  Company,  in  Philadel- 
phia, the  first  of  the  new  gun  lathes  for  the  Washington  Navy 
Yard  is  nearly  completed.  This  lathe  is  intended  to  do  the 
fitting  work  on  the  i6-in.  guns,  will  occupy  a  space  133  ft.  long, 
12  ft.  high  and  10  ft.  6  in.  wide.  It  will  weigh  500,000  lbs. 
These  shops  are  also  building  seven  other  lathes  for  the  Wash- 
ington Yard,  only  slightly  smaller. 

The  Schenectady  Locomotive  Works  are  building  50  locomo- 
tives for  the  New  York  Central  &  Hudson  River  Railroad.  Of 
these  20  are  eight-wheel  passenger  engines,  19  are  mogul 
freight  engines,  and  11  are  suburban  engines  of  the  type  de- 
scribed and  illustrated  in  the  Journal  for  September  last. 

The  Bucyrus  Steam  Stovel  &  Dredge  Company  is  making 
arrangements  to  build  extensive  works  in  Milwaukee.  The 
present  plant  is  not  sufficient  for  the  growing  business,  and 
larger  shops  are  needed.  Those  in  Milwaukee  will  have  plenty 
of  room. 

The  Cedar  Point  Furnace  of  Witherbee,  Sherman  &  Com- 
pany, at  Port  Henry,  N.  Y..  will  soon  go  into  blast. 

The  Waring  Sewer  Pipe  Company,  Newport,  R.  I.,  is  now 
manufacturing  sewer  pipe  of  Man  made  of  oval  form,  so  as  to 
give  full  scouring  efTect  to  a  s«ream  of  water.  It  is  made  in  two 
sections,  an  invert  with  a  broad,  flat  base,  and  walls  rising  near- 
ly to  the  whole  height  of  the  pipe,  forming  a  channel  open  at 
the  top  ;  and  an  arched  cover,  to  be  applied  after  the  invert  has 
been  laid  and  cemented. 

The  Wheeler  Condenser  &  Engineering  Company,  New  York, 
has  bought  the  entire  plant  and  business  of  the  Colwell  Iron 
Works,  including  the  shops  at  Carteret,  N.  J.,  the  drawings, 
patterns,  etc.  ;  also  the  condenser  business  and  patents  of  F. 
M.  Wheeler.  The  officers  of  the  company  are  :  C.  H.  Wheeler, 
President  ;  F.  M.  Wheeler,  Vice-President  ;  W.  H.  Hampton, 
Secretary  ;  A.  Vanderbilt,  Treasurer  ;  William  Porter,  Super- 
intendent. 

The  work  on  the  new  bridge  over  the  Allegheny  River  at 
Pittsburgh  is  progressing  well.  The  Union  Bridge  Company 
is  contractor,  and  the  work  is  in  progress  at  the  shops  at 
Athens.  Pa.,  the  steel  being  furnished  by  Carnegie,  Phipps  & 
Company.  The  bridge  will  have  two  spans,  each  445  ft.  long, 
of  the  bowstring  girder  type,  and  a  deck  plate  girder  span  of 
41^  ft.  over  the  Pittsburgh  &  Western  Railroad  on  the  Alle- 
gheny side.  The  height  of  the  large  truss  at  the  center  is  79^ 
ft.  clear,  and  the  width  of  the  roadway  will  be  40  ft.,  accommo- 
dating four  lines  of  track,  two  to  be  used  for  street-car  traffic  and 
two  for  wagon  traffic  ;  the  two  sidewalks  will  be  9  ft.  each  in 
the  clear,  protected  by  hand  railings. 

The  Continental  Iron  Works,  Brooklyn,  N.  Y.,  report  an 
increasing  demand  for  corrugated  flues  for  boiler  furnaces,  and 
the  works  are  very  busy.  In  this  connection  it  may  be  noted 
that  at  a  recent  meeting  the  Board  of  Supervising  Inspectors 
of  Steam  Vessels  raised  the  constant  for  corrugated  furnaces 
from  12,500  to  14,000,  allowing  an  increase  of  about  12  per 
cent,  over  the  old  formula  in  steam  pressure  on  boilers  with  cor- 
rugated furnaces. 

In  the  United  States  Circuit  Court,  in  Chicago,  recently,  in 
the  case  of  Pettibone  &  Mulliken  against  Arthur  L.  Stanford, 
Judge  Gresham  decided  in  favor  of  the  defendant,  holding  that 
his  track-jack  as  made  and  sold  was  not  an  iniringetnept  of 
plaintiff  b  paicnis. 
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The  Ranken  &  Fritsch  Foundry  &  Machine  Company  has 
recently  made  extensive  improvements  in  its  works  in  St.  Louis, 
and  has  added  a  number  of  tools  to  its  plant.  Mr.  Joseph  H. 
Springer,  late  of  the  Niles  Tool  Works,  is  now  General  Man- 
ager of  this  company,  succeeding  the  late  Mr.  Bruno  Fritsch. 

The  iron  roof  for  the  store  house  which  the  United  States 
Government  is  building  at  Willett's  Point,  L.  I.,  will  be  fur- 
nished by  the  Berlin  Iron  Bridge  Co.,  of  East  Berlin,  Conn. 

A  NEW  suspension  bridge  is  to  be  built  in  Golden  Gate  Park, 
San  Francisco,  over  a  depressed  roadway.  The  total  length 
will  be  140  ft.,  with  a  clear  span  between  towers  of  60  ft.  The 
towers  will  be  of  steel,  each  consisting  of  a  group  of  eight  col- 
umns. The  cables  will  be  of  steel  wire,  and  will  be  2J  in.  in 
diameter.  The  floor  will  rest  on  12-in.  steel  beams  suspended 
from  the  cables  by  iron  rods,  and  braced  together  transversely. 
The  iron  side-railings  are  so  designed  as  to  act  as  stiffening 
trusses.  The  roadway  will  be  23  feet,  wide,  and  will  have  a 
camber  of  3  ft.;  the  height  will  be  17  ft.  above  the  lower  road 

at  the  center. 

♦ 

Car  Heater  Patents. 


The  Board  of  Examiners  of  the  Patent  Office  decided,  on 
October  28,  four  important  interferences,  covering  practically 
the  basic  principles  of  car  heating  bv  disk,  coil  or  other  drums. 

The  result  of  these  decisions  will  be  to  limit  the  use  of  the 
steam  drum  or  jacket  of  any  form  in  connection  with  a  hot- 
water  circulating  system  in  a  car,  to  the  Consolidated,  ihe 
Safety  and  the  Gold  companies.  The  patents  which  will  issue 
under  the  decisions  are  granted,  one  to  Henrv  R.  Towne  and 
three  to  James  F.  McElroy.  This  does  not  afifect  in  any  way 
the  commingler,  in  which  steam  is  noiselessly  injected  into  the 
water  of  circulation  in  a  car. 


Condensers. 


The  use  of  condensing  engines  in  ordinary  work  in  this  coun- 
try is  not  very  common,  the  great  majority  of  stationary  en- 
gines being  non-condensing.  There  are  many  reasons  for  this 
which  can  hardly  be  given  here  in  full. 

In  general  it  may  be  stated  that  only  under  the  exceptionally 
favorable  conditions  of  a  properly  proportioned  condenser  of 
an  economical  type,  an  engine  not  too  large  for  the  work,  and 


AN   IMPROVED   CONDENSER. 

a  load  variable  to  but  a  slight  degree,  is  a  condenser  at  all  ad- 
visable. So  seldom  are  these  conditions  realized  in  practice 
that  probably  not  one  plant  in  five  could  be  run  with  this  extra 
mechanism  at  a  profit  over  and  above  what  could  be  obtained 
without  it  and  with  a  good  form  of  feed-water  heater.  Repeat- 
ed expert  tests  have  shown  this  to  be  true  ;  and  a  better  proof 
is  the  general  acceptance  of  the  fact  by  those  most  interested — 
the  manufacturers. 

In  the  few  cases  where  it  is  undoubtedly  commercially  valu- 
9b\e,  the  structural  disadvantages  of  the  independent  condenser 


has  been  against  it  as  much  as  the  inefficiency  of  the  independent 
system.  •. . 

Recently  a  combination  which  incorporates  the  advantages 
of  both  has  been  designed.  It  consists  of  a  Dow  positive  rotary 
pump,  coupled  direct  to  a  small  Westinghouse  engine,  as  illus- 
trated in  the  annexed  cut,  and  is  briefly  a  high-speeditnlfpendent 
condenser,  with  all  the  economy  of  operation  found  in  the  belted 
form.  With  the  results  indicated  by  a  practical  test  of  this  form 
of  condenser  in  the  New  England  States  during  the  past  year, 
many  of  the  objections  to  such  a  plant  are  removed,  and  the 
possibility  of  economy  extended  over  a  greater  range  of  un- 
favorable conditions. 


A  Novel  Railroad  Spike. 


Fig.  4  shows  a  spike  of  a  new  design  for  which  patent  No. 
462,045  was  recently  issued  to  Mr.  Daniel  Hcgarty,  of  Phila- 
delphia. This  invention  consists  of  a  spike  provided  with 
means  for  supporting  the  head  of  a  rail,  making  the  rail  solid, 
and  preventing  shifting  thereof,  as  will  be  hereinafter  set  forth 
and  definitely  claimed.  In  the  drawing,  which  is  a  perspective 
view,  partly  in  section,  /4  is  a  spike,  on  one  side  of  the  head  B 
of  which  is  a  depending  pointed  or  sharpened  tooth  C,  and  on 
the  opposite  side  thereof  is  a  shoulder  D.  Rising  from  the 
shoulder  D  is  an  arm  E,  which  extends  from  the  liead  in  a 
direction  obliquely  toward  the  rail. 


HEGARTY'S   RAILROAD   SPIKE. 

The  spike  is  driven  obliquely  into  the  tie,  the  blows  being 
struck  upon  the  head  B,  and  when  it  is  home  the  shoulder 
engages  with  the  base  of  the  rail,  the  tooth  enters  the  tie,  and 
the  arm  E  is  beneath  the  head  of  the  rail  and  in  contact  with 
the  under  side  thereof,  thus  forming  a  support  and  brace  for 
said  head.  As  the  tooth  enters  the  tie,  lateral  shifting  of  the 
head  of  the  spike  is  prevented,  and  as  the  shoulder  interlocks 
with  the  base  of  the  rail  and  the  head  of  the  latter  is  sustained 
by  the  arm,  as  has  been  slated,  the  rail  is  held  solidly  and  well 
adapted  to  sustain  the  strain  to  which  it  is  subjected  by  car- 
wheels  on  the  gauge  side. 

The  spike  and  its  connected  parts  are  made  in  one  piece, 
thus  possessing  strength  and  durability,  and  constructed  of 
iron,  steel  or  other  suitable  metal. 


A  Large  Dry- Dock. 


The  largest  dry-dock  on  the  Lakes  has  just  been  completed 
by  the  Detroit  Dry-Dock  Company  at  its  Orleans  Street  Yard, 
in  Detroit.  It  was  built  by  A.  J.  Dupins  as  contractor,  under 
the  supervision  of  J.  C.  Parker,  Superintendent  of  the  yard, 
and  cost  in  all  over  $200,000.  It  will  take  in  a  loaded  ship 
carrying  a  cargo  of  3,000  tons.  In  the  foundation  of  the  dock 
over  2,000  piles  were  driven. 

The  inside  dimensions  are  :  378  ft.  long  ;  qi  ft.  wide  on  top  ; 
78  ft.  opening  at  entrance  ;  54  ft.  opening  on  miter-sill  ;  55  ft. 
wide  on  floor  ;  16  ft.  6  in.  of  water  over  keel-blocks  ;  16  ft.  6  in. 
of  water  over  sill ;  4  ft.  6  in.  from  top  of  keel-blocks  to  floor  of 
dock  ;  20  ft.  6  in.  from  water-line  to  floor  of  dock. 
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The  Sewall  Coupler  for  Steam'  Heating;. 

The  Sewall,  which  is  the  original  straight-port-and  insulated 
steam  coupler,  is  now  used  by  88  railroads,  having  a  mileage 
of  43-931  miles  in  the  United  States  and  Canada,  and  having 
3,922  passenger  cars.  The  long  and  wide  use  of  this  coupler  is 
the  best  demonstration  of  its  merits  in  actual  service.  The  cuts 
herewith  published  show  its  construction. 

The  passage  for  steam  is  practically  straight,  and  thoroughly 
unobstructed  by  strainers,  springs,  diaphragms,  gasket  retain- 
ers or  acute  angles.  All  metallic  parts  of  the  coupler  are  made 
of  malleable  or  wrought  iron  or  steel. 

On  the  coupler-head  are  placed  a  tooth  and  space,  in  proper 
position  (shown  at  //  and  /  in  fig.  i),  to  serve  the  double  pur- 


Fig..  1. 


being  forced  against  it,  and  is  held  rigidly  in  place  by  studs  and 
nuts  shown  in  fig.  4.  A  new  gasket  is  readily  put  in  place 
when  occasion  requites. 

Condensation  is  provided  against  by  insulating  the  hose-nip- 
pie  or  steam  tube  by  a  dead  air  space  completely  surrounding 
the  steam  tube  within  the  coupler-head.  This  is  the  only  steam 
coupler  now  in  use  which  makes  any  endeavor  to  insulate  the 
metallic  parts  exposed  to  the  atmosphere,  and  so  to  prevent 
unnecessary  condensation. 

The  parts  of  the  Sewall  coupler  are  but  five — the  coupler- 
head,  the  nipple,  the  gasket,  the  studv,  the  nuts.  It  has  no 
need  of  springs,  traps,  diaphragms  or  movable  steam  faces  to 
make  it  sufficient.  The  Sewall  has  no  movable  parts,  and 
hence  should  be  durable. 

Other  advantages  claimed  are  that  it  is  steam 
tight ;  it  hangs  below  the  air  coupling  ;  it  un- 
couples automatically  ;  it  couples  easily  ;  it  is 
most  widely  used  ;  it  is  not  a  cheap  coupling, 
but  is  the  most  economical. 

The  standard  measurements  adopted  for  the 
application  of  the  Sewall  coupler  throughout 
the  United  States  and  Canada  are  as  follows  : 
Train-pipe  to  terminate  on  right-hand  side  as 
one  looks  out  of  the  car  and  at  a  distance  of 
13  in.  from  the  buffer  face  ;  termination  of 
train-pipe  to  be  also  12  in.  to  the  right  of  the 
center  line  of  the  car,  and  32  in.  from  the 
top  of  rail  ;  hose  to  be  23  in.  long  ;  support 
chains  from  center  of  eye  plate  to  center  of 
hook  on  standard  passenger  cars  to  be  34  in. 
long;  train-pipe  to  beof  i^-in.  pipe,  termi- 
nating with  I  ^-in.  standard  thread  45°  ell  ;  off- 
set in  train-pipe  to  be  as  shown  in  blue  prints  ; 
45°  ell  to  be  screwed  on  train-pipe  so  as  to 
point  slightly  toward  center  line  of  car. 

The  careful  observance  of  these  standards 
has  made  possible  the  present  wide  inter- 
change of  several  thousand  cars  already 
equipped  with  the  Sewall  coupler. 


Fig.  3-   -,-"* 


Fig.  5. 
THE  SEWALL  COUPLER   FOR  STEAM   HEATING. 

pose  of  a  guide  for  the  interlocking  devices  when  being  coupled,    1 
and  also  to  retain   the  coupler-heads  in   proper  relation  while    j 
uncoupling.     The  locking  features  are  constructed   upon  care-   \ 
fully  calculated  epicycloidal  curves,  thereby  drawing  the  gaskets    1 
together  in  a  direct  line  through  the  locking  devices,  and  hence   ' 
gravity   tightens   the   faces.     That  the  coupler  is  automatic  in 
uncoupling  is  due  to  the  curvature  of  the  hose  nipple  (shown  in 
fig.  4),  the  center  line  of  draft  being  brought  above  the  center 
line  of  pressure  as  soon  as  hose  begins  to  approach  a  horizontal 
position.     The  gaskets  are  composed  of  peculiarly  treated  rub- 
ber, and  have  sufficient  elasticity,  as  well  as  strength,  to  form  a 
perfect  and  durable  steam  joint.     The  gasket  is  tightly  pressed 
upon   the  inner  face  of  the  coupler-head  by  the  hose  nipple 


A  Pneumatic  Hoist. 


The  accompanying  engraving  shows  a 
pneumatic  hoist  intended  to  take  the  place 
of  the  ordinary  chain  hoist  or  block-and-fall 
for  lifting  comparatively  light  loads  about 
machine  tools,  in  shops  and  similar  places. 
It  is,  in  effect,  a  simple  power  hoist,  which 
can  be  quickly  started  and  stopped  by  the 
manipulation  of  a  small  valve. 

The  construction  is  well  shown  in  the  en- 
graving. The  cylinder  is  small,  of  extra  strong 
wrought  iron  pipe,  carefully  reamed  out  ;  to 
the  upper  head  is  fastened  an  ordinary  pipe 
cap,  to  which  there  is  attached  a  hook,  by 
which  the  hoists  can  readily  be  hung  to  the 
overhead  trolley,  and,  if  desired,  the  hoist  can 
be  transferred  to  different  parts  of  the  shop. 
The  lower  head  is  made  of  two  castings,  one 
of  which  is  screwed  to  the  end  of  the  cylinder, 
and  has  a  lug  to  receive  a  screw  end  of  the 
valve,  which  supplies  the  air  for  lifting.  This 
prevents  the  piston  from  traveling  below  the 
air  opening.  To  this  lower  ring  is  attached  a 
head  which  is  held  in  place  by  four  small 
studs  and  nuts  ;  this  head  also  contains  the 
stuffing-box  for  packing  around  the  piston- 
rod  ;  by  this  construction  the  lower  head  can 
be  readily  removed  for  an  examination  of  the 
piston  and  its  packing  without  in  any  way  dis- 
turbing the  hoist.  The  piston  is  of  simple 
design,  consisting  of  a  cast-iron  head,  follower- 
plate  and  a  leather  cup-ring,  which  nicely  adjusts  itself  to  the 
cylinder  and  prevents  leakage.  The  lower  end  of  the  piston- 
rod  has  a  swivel  which  allows  the  ring  to  be  turned  to  any  de- 
sired position  in  the  rod.  The  piston  acts  but  one  way,  as  it 
has  been  found  that  the  weight  of  the  load,  or  even  of  the  pis- 
ton rod  and  head,  is  sufficient  to  allow  it  to  drop  when  the 
pressure  from  the  lower  end  is  relieved. 

The  valve  consists  of  but  four  parts — a  body,  valve-stem,  cap 
and  small  spring  to  keep  the  valve-stem  in  place,  which,  with 
the  air  pressure,  keeps  the  stem  in  constant  pressure  against 
the  body.  One  side  of  the  valve  is  provided  with  a  lug,  by 
which  it  is  attached  to  the  lower  ring  of  the  hoist  ;  the  ralve  re- 
quires no  packing,  and  is  of  such  a  construction  as  to  be  readily 
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and  cheaply  repaired,  although,  after  a  constant  service  of  over 
a  year,  no  appreciable  wear  has  been  noticed.  The  parts  of 
the  hoist  are  all  strong  and  substantial  ;  all  the  parts  submitted 
to  strain  are  steel  or  wrought  iron  ;  the  upper  and  lower  heads 
are  of  cast  iron,  as  is  also  the  valve,  the  stem  of  which  is  care- 
fully ground  to  a  seat  in  the  valve  body. 

The  lifting  capacities  of  these  hoists,  when  80  lbs.  air  pressure 
is  used,  are  :  3  in.  diameter,  450  lbs.  ;  4  in.,  800  lbs.  ;  6  in., 
1,800  lbs.  ;  8  in.,  3,200  lbs. 


PEDRICK  &  AYER'S 

PATENT  PNEUMATIC 

HOIST. 


The  power  is  supplied  by  an  air  compressor,  one  of  which  is 
6  in.  to  8  in.  in  diameter,  with  a  storage  tank  of  about  3  ft.  in 
diameter  and  5  ft.  long,  and  will  supply  sufficient  compressed 
air  for  12  to  18  hoists  having  average  use.  For  special  pur- 
poses, such  as  where  the  hoist  is  used  constantly,  a  less  num- 
ber can  be  supplied  by  a  compressor  of  the  above  size.  Hose 
is  attached  to  the  upper  end  of  the  wrought-iron  pipe,  the  length 
of  the  hoic  depending  upon  the  floor  area  which  it  is  desired 
the  hoist  should  cover. 

The  advantages  claimed  for  these  hoists  are  the  saving  in 
time  and  labor  over  the  ordinary  block  hoist,  and  the  additional 
amount  of  work  which  their  use  will  enable  a  tool  to  get  through. 
They  are  made  by  the  well-known  firm  of  Pedrick  &  Ayer,  of 
Philadelphia. 


PERSONALS. 


John  B.  Linn,  recently  City  Engineer  of  Springfield,  O. 
now  connected  with  the  Pittsburgh  Bridge  Company. 


IS 


George  T.  Jarvis  is  now  General  Superintendent  of  the 
Lake  Erie  &  Western  Railroad,  succeeding  D.  S.  Hill,  re- 
signed. 


Clem  Hackney,  formerly  Superintendent  of  Motive  Power 
of  the  Union  Pacific,  is  now  General  Manager  of  the  Fox  Solid 
Pressed  Steel  Company,  of  Chicago. 

William  Hassman  has  been  appointed  Superintendent  of 
Motive  Power  of  the  Western  Division  of  the  Newpoit  News  & 
Mississippi  Valley  Company's  lines. 

Charles  H.  Wiggin  has  been  appointed  Master  Mechanic 
of  the  Concord  Division  of  the  Boston  &  Maine  Railroad.  He 
was  recently  Foreman  of  the  Boston  shops. 

J.  F.  HoLLOVkTAY,  of  New  York,  was  recently  elected  an 
Honorary  Member  of  the  Civil  Engineers'  Club  of  Cleve- 
land, O.  Mr.  Holloway  was  one  of  the  founders  of  the  Club, 
and  for  three  years  was  its  President. 

Colonel  Peter  C.  Hains,  U.  S.  Engineers,  has  been  re- 
lieved from  duty  at  Washington,  and  ordered  to  the  bead- 
quarters  of  the  Department  of  Dakota,  at  St.  Paul.  Colonel 
Hains  has  had  charge  of  the  reclamation  of  the  Potomac  Flats. 

Henry  M.  Sperry  has  been  appointed  General  Agent  of  the 
Johnson  Railroad  Signal  Company,  with  office  in  Chicago. 
He  is  an  expert  signal  engineer,  and  has  been  for  10  years  past 
with  the  Pennsylvania  Railroad  ;  since  1887  he  has  been  Super- 
visor of  Signals  of  the  New  York  Division. 

J.  Madison  Porter  has  been  chosen  Professor  of  Civil 
Engineering  in  Lafayette  College  at  Easton,  Pa.  He  has  been 
assisting  as  instructor  in  that  department  since  the  death  of 
Professor  Fox.  Professor  Porter  has  been  for  some  time  con- 
nected with  the  firm  of  Tippett  &  Wood  at  Phillipsburg,  N.  J. 


OBITUARY. 


John  Gregory  Smith,  who  died  in  St.  Albans,  Vt.,  Novem- 
ber 6,  aged  73  years,  was  Trustee  and  Receiver  of  the  Vermont 
Central  and  afterward  President  of  the  Central  Vermont  Com- 
pany. He  was  also  for  several  years  President  of  the  Northern 
Pacific  Company.  He  served  two  years  as  Governor  of  Ver- 
mont. 


Colonel  Samuel  S.  F.  Chalfin,  who  died  in  Savannah,  Ga., 
November  i,  was  a  graduate  of  West  Point,  and  served  during 
the  Mexican  War.  After  that  he  settled  in  Brooklyn,  and  was 
employed  for  a  number  of  years  as  a  civil  engineer.  For  some 
10  years  past  he  has  been  connected  with  the  City  Department 
ot  Public  Works. 


Lewis  Lyon,  who  died  in  New  York,  October  2g.  aged  61 
years,  had  been  President  of  the  Thiid  Avenue  Railroad  Com- 
pany for  13  years.  He  first  introduced  the  cable  system  in  New 
York — the  building  of  the  Amsterdam  Avenue  &  125th  Street 
line  being  chiefly  due  to  him — and  he  had  only  recently  secured 
the  adoption  of  the  same  system  for  the  main  line. 


William  M.  Parker,  who  died  in  Manchester,  N.  H.,  Octo- 
ber 2Q,  aged  70  years,  was  the  fiist  Assistant  Superintendent  of 
the  Hudson  River  Railroad.  He  afterward  had  charge  at  dif- 
ferent times  of  the  Northern   New  Hampshire,  the  Boston, 

Hartford  &   Erie,  the  Connecticut  &    Passumsic  Rivers,  and  of 

the  Boston  &  Lowell  Railroads,  but  for  some  time  past  has 
retiied  from  business. 


Alfred  C.  Hobbs,  the  inventor  of  the  celebrated  Hobbs 
lock,  died  in  Bridgeport,  Conn.,  November  6,  aged  79  years. 
He  established  a  firm  m  London,  while  on  a  visit  there  in  1851, 
but  afterward  returned  to  this  country  and  was  Superintendent 
of  the  Howe  Sewing  Machine  Works  and  later  of  the  Union 
Metallic  Cartridge  Works  in  Bridgeport.  He  retired  from 
business  three  years  ago. 


Colonel  John  A.  Wright,  who  died  in  Philadelphia,  No 
vember  i,  was  one  of  the  incorporators  of  the  Pennsylvania 
Railroad  Company,  and  assisted  in  securing  the  charier  of  that 
company  in  1845.  He  was  an  officer  ot  the  company  for  a 
number  of  years,  and  was  appointed  its  first  Chief  Engineer. 
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He  retired  from  active  work  a  number  of  years  ago,  his  last 
active  service  heing  as  a  member  of  the  Board  of  Abritration 
chosen  by  the  trunk  lines  in  1879,  the  other  members  being 
David  A.  Wells  «nd  Charles  Francis  Adams.  Colonel  Wright 
was  71  years  old  at  the  time  of  his  death. 


Colonel  Samuel  H.  Lockett  died  in  Bogota,  Colombia. 
October  12.  He  went  there  last  year  as  Chief  Engineer  for  the 
new  water  works  of  the  city.  He  graduated  from  West  Point, 
and  served  in  the  Engineer  Corps  a  few  years.  During  the  war 
he  served  in  the  Confederate  Army,  and  was  later  in  the  Egyp- 
tian service  for  a  lime.  Returning  10  the  United  Stales,  he  as- 
sisted General  Stone  in  putting  up  the  statue  of  Liberiy  in  New 
York  Harbor,  and  afterward  built  up  a  considerable  practice 
as  consulting  engineer  for  waterworks.  For  several  years  past 
he  had  spent  much  time  in  South  America.  ' 


Dr.  John  Fran'CIS  Williams,  who  died  in  Iihaca,  N.  Y., 
November  q,  aged  29  years,  graduated  from  the  Rensselaer 
Polytechnic  Institute  at  Troy,  and  subsequently  studied  at 
Gottingen,  in  Germany.  He  was  for  a  short  time  engaged  in 
teaching  at  Clark  University,  in  Worcester,  Mass.,  and  was 
then  appointed  Assistant  Geologist  on  the  Arkansas  State  Sur- 
vey, where  he  did  some  excellent  work.  Last  summer  he  was 
appointed  Assistant  Professor  of  Geology  in  Cornell  University, 
and  had  just  begun  his  work  there,  with  excellent  prospects  of 
success.  Dr.  Williams  wrote  several  excellent  short  articles  on 
geological  topics,  some  of  which  appeared  in  the  Journal,  and 
his  early  death  has  closed  a  very  promising  career. 


MoNCURE  Robinson,  who  died  in  Philadelphia,  November 
10,  aged  89  years,  was  born  in  Richmond,  Va.,  and  graduated 
from  William  and  Mary  College  when  only  16  years  old.  He 
began  work  as  an  assistant  on  the  first  topographic  survey 
made  of  a  line  from  Richmond  to  the  Ohio  River,  and  was 
afterward  employed  on  the  James  River  Kanawha  Canal.  In 
1825  he  went  to  Europe  and  spent  three  years  in  study,  and 
in  1828  he  was  employed  by  Stephen  Girard  in  surveying  some 
lines  in  the  anthracite  coal  fields.  In  1830  he  built  the  old 
Clover  Hill  coal  road  near  Richmond,  and  afterward  made  the 
surveys  for  the  Richmond  &  Petersburg,  the  Petersburg  and 
the  Richmond,  Fredericksburg  &  Potomac  roads. 

In  1835  Mr.  Robinson  removed  to  Philadelphia,  and  there 
he  made  the  surveys  for  and  located  the  Philadelphia  &  Read- 
ing Railroad  from  Pottsville  to  Philadelphia.  He  was  engaged 
also  in  the  construction  of  the  Chesapeake  &  Delaware  Canal 
and  in  some  surveys  in  Georgia.  His  reputation  was  luch  that 
he  was  invited  to  take  charge  of  the  building  of  the  first  rail- 
roads in  Russia,  but  declined.  In  1842  he  took  charge  of  the 
building  of  the  dry-dock  at  the  Bjooklyn  Navy  Yard.  A  few 
years  later  he  practically  retired  from  the  practice  of  his  pro- 
fession, though  he  was  often  called  on  to  act  as  consulting 
engineer.  He  took  an  active  part  in  the  building  of  the  Sea- 
board &  Roanoke  and  the  Raleigh  &  Gaston  roads  and  their 
extensions,  in  which  he  held  a  large  interest. 

Mr.  Robinson  was  an  honorary  member  of  the  American 
Society  of  Engineers  and  the  Engineers'  Club  of  Philadelphia. 
He  leaves  five  sons  and  three  daughters,  the  oldest  son,  John 
M.  Robinson,  having  been  for  a  number  of  years  President  of 
the  Seaboard  &  Roanoke  and  its  controlled  companies. 


John  Marston  Goodwin,  who  died  in  Sharpsville,  Pa.,  Octo- 
ber 27,  aged  57  years,  was  born  in  Boston,  where  his  father  was 
for  a  number  of  years  Superintendent  of  the  Massachusetts 
General  Hospital.  When  only  15  years  old  he  entered  upon 
work  as  Assistant  in  the  engineer  corps  of  the  Vermont  & 
Canada  Railroad,  and  he  was  later  employed  on  the  Vermont 
Central  and  some  lines  in  Eastern  Canada.  In  1856  he  was 
employed  on  the  La  Crosse  &  Milwaukee,  and  later  was  on  th« 
Michigan  Southern  &  Northern  Indiana.  During  the  war  he 
was  engaged  with  Colonel  Thomas  A.  Scott  and  Peter  C.  Wat- 
son in  some  mining  enterprises  in  Kentucky.  When  Mr.  Wat- 
son was  made  President  of  the  Erie,  Mr.  Goodwin  was  for  a 
time  his  Assistant,  and  did  excellent  service.  Later  he  was 
Chief  Engineer  of  the  Sharpsville  Railroad,  which  was  located 
and  built  under  his  charge.  He  was  employed  as  consulting 
engineer  on  several  enterprises,  and  was  recently  made  a  mem- 
ber of  the  Pennsylvania  Ship  Canal  Commission.  He  made 
the  surveys  for  the  line  which  the  Commission  proposed  to  the 
Pennsylvania  Legislature,  and  was  actively  engaged  in  that 
work  at  th«  time  of  his  death.  He  died  of  brain  fever  after  a 
short  illness.     He  leaves  a  wife  and  several  children. 

John  M.  Goodwin  was  a  man  of  extraordinary  attainments,  and 
very  few  men  possessed  such  an  extensive  range  of  knowledge. 
Unlike   most   men   of   whom    this   can   be  said,  however,  his 


knowledge  was  exact  and  particular  in  almost  every  case.  He 
would  have  succeeded  excellently  as  a  Mechanical  Engineer, 
but  preferred  civil  engineering,  although  his  talent  led  him  to 
invent  several  devices,  including  a  dump  car  which  has  come 
into  extensive  use,  and  a  rotary  engine,  upon  which  he  was  en- 
gaged recently  in  the  intervals  of  his  canal  work  ;  he  also  de- 
vised a  system  of  cable  towing  for  canalsl  He  was  a  frequent 
contributor  to  technical  journals  and  society  proceedings,  but 
although  always  willing  to  impart  knowledge  to  others,  he  was 
very  reluctant  to  engage  in  any  extensive  literary  work.  With 
his  great  fund  of  general  knowledge,  power  of  acquiring  in- 
formation— and  perhaps  in  consequtnce  of  this — he  was  some- 
what discursive  in  temperament,  and  at  times  seemed  to  lack  the 
faculty  of  concentration.  Many  men  of  his  powers  would  have 
acquired  a  large  fortune  ;  but  what  has  been  called  the  instinct 
for  gain  seemed  to  be  lacking  in  him,  and  although  he  had  been 
engaged  in  many  important  works,  and  had  done  a  large  amount 
of  work  in  the  course  of  his  life,  he  died  a  poor  man. 

He  had  a  large  acquaintance  among  engineers  and  others, 
and  was  almost  universally  liked.  Few  men  could  be  his  ene- 
mies long,  although  he  never  hesitated  to  speak  plainly  or  at- 
tempted to  conceal  his  opinions. 


PROCEEDINGS  OF    SOCIETIES. 


The  Committee  on  Safety  Appliances. — Pursuant  to  no- 
tice, the  Committee  on  Safety  Appliances,  appointed  by  the 
last  Conference  of  Railroad  Commissioners,  held  a  meeting  in 
New  York,  November  10,  all  the  members  being  present  except 
Mr.  Hill,  of  Virginia.  A  number  of  railroad  officers  and  others 
were  present,  it^cluding  representatives  of  several  associations 
of  railroad  employes,  and  of  the  Master  Car-Builders'  and  Mas- 
ter Mechanics'  Association.  The  Chairman  of  the  Committee 
read  a  number  of  replies  received  from  railroad  companies, 
showing  that  less  than  15  per  cent,  of  the  freight  cars  in  the 
country  were  fitted  with  automatic  couplers,  and  only  about  10 
per  cent,  with  train-  brakes.  Only  a  small  proportion  of  the 
railroads  favored  national  legislation. 

Colonel  Haines,  President  of  the  American  Railroad  Associa- 
tion, stated  that  the  hook  coupler  or  the  M.  C.  B.  standard  had 
been  adopted  by  that  Association,  and  was  being  introduced  as 
fast  as  possible.  Representatives  of  the  Master  Car  Builders' 
and  Master  Mechanics'  Association  spoke  in  favor  of  the  adop- 
tion of  the  M.  C.  B.  standard,  and  thought  that  the  general  use 
of  automatic  couplers  would  lessen  the  dangers  to  trainmen. 
Representatives  of  the  Switchmen's  Mutual  Aid  Association, 
however,  made  some  strong  addresses  in  favor  of  the  old  link- 
and-pin  type  of  coupler,  and  stated  that  so  far  the  introduction 
of  automatic  couplers  had  very  much  increased  the  danger  of 
accident,  owing  to  the  difficulty  of  coupling  between  the  auto- 
matic and  the  old  style  drawheads.  This  opinion  was  endorsed 
by  some  of  the  railroad  officers  present. 

The  session  was  continued  into  the  second  day.  The  Com- 
mittee has  not  announced  its  intention,  but  it  is  understood  that 
the  members  will  feel  bound  to  prepare  a  bill  for  submission 
to  Congress  regulating  the  subject. 

American  Society  of  Mechanical  Engineers. — The  annual 
meeting  began  in  New  York,  November  16.  The  first  session 
was  held  in  the  evening  of  that  day,  and  was  chiefly  occupied 
by  the  annual  address  of  the  President,  Mr.  Robert  W.  Hunt, 
who  chose  for  his  subject  the  American  Rolling  Mill,  making  a 
very  interesting  paper. 

On  Tuesday  morning  a  business  session  was  held  when  the 
report  of  the  counsel  was  read,  showing  the  Society  to  have  re- 
ceived $19,843  during  the  year,  the  balance  remaining  in  the 
hands  of  the  Treasurer  being  only  $2.  The  report  made  a  de- 
tailed statement  in  relation  to  the  house  in  NewYork.  Reports 
were  also  received  from  the  Committee  on  Standards,  and  the 
Committee  on  Standard  Methods  of  Tests,  and  the  Committee 
on  Standard  Pipe  Flanges. 

It  was  resolved  to  raise  the  initiation  fee  to  $25  and  the  dues 
to  $15  per  year.  The  tellers  announced  that  the  ballots  had 
been  canvassed,  and  the  following  officers  were  elected  :  Presi- 
dent, Charles  H.  Loring,  Brooklyn,  N.  Y.  Vice-Presidents, 
G.  I.  Alden,  Worcester,  Mass.  ;  E.  F.  C.  Davis,  Richmond, 
Va.  ;  Irving  M.  Scott,  San  Francisco,  Cal.  Treasurer,  Will- 
iam H.  Wiley,  New  York.  Managers,  James  M.  Dodge,  Phila- 
delphia, Pa.  ;  Robert  Forsyth,  Chicago,  III.  ;  Jesse  M.  Smith, 
Detroit,  Mich. 

It  was  also  announced  that  a  large  majority  had  voted  In  favor 
of  holding  the  spring  meeting  in  San  Francisco.  The  afternoon 
was  devoted  to  excursions  to  various  points  of  interest,  and  in 
the  evening  a  session  was  held,  at  which,  several  papers  were 
read  and  some  of  the  topical  questions  propounded  were  dis- 
cussed. 
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On  Wednesday  no  sessions  were  held,  the  day  being  given 
up  to  visits  to  the  Brooklyn  Navy  Yard  and  other  points  of  in- 
terest, the  evening  being  spent  by  part  of  the  members  at  the 
Star  Theatre  and  the  remainder  at  the  American  Institute  Fair. 

On  Thursday  a  morning  session  was  held,  at  which  several 
papers  were  read  and  topical  questions  discussed.  The  after- 
noon was  left  open  for  excursions  to  various  points,  and  in  the 
evening  a  public  reception  was  held  at  the  Lenox  Lyceum,  at 
which  a  large  number  of  members  and  guests  were  present. 

The  concluding  session  for  the  reading  of  papers  and  discus- 
sions was  held  on  Friday  morning,  November  20,  and  the  con- 
vention then  adjourned. 

American  Association  of  Irrigation  Engineers. — This  as- 
sociation was  formed  at  the  recent  irrigation  convention  in  Salt 
Lake,  Utah,  and  will  have  its  headquarters  in  that  city  for  the 
present. 

The  officers  chosen  are  :  President,  A.  D.  Foote,  Boise  City, 
Idaho.  Vice-President,  G.  G.  Anderson,  Denver,  Col.  Secre- 
tary and  Treasurer,  C.  L.  Stevenson,  Salt  Lake  City,  Utah. 
Directors,  L.  G.  Carpenter,  Fort  Collins,  Col.;  J.  B.  Greene, 
Denver,  Col.;  H.  I.  Willey,  San  Francisco. 


Train  Dispatchers'  Association. — The  officers  of  this  As- 
sociation are  :  President,  R.  B.  Woolsey,  Terre  Haute,  Ind.  ; 
Vice-President,  H.  A,  Mace,  Dunmore,  Pa.  ;  Secretary  and 
Treasurer,  C.  E.  Case,  Toledo,  O.  ;  Executive  Committee, 
M.  C.  Coyle,  J.  F.  Mackie.  R.  S.  Quigley  and  W.  W.  Olcott  ; 
Committee  on  Train  Rules  and  Orders,  J.  S.  Mackie,  W.  H. 
Graves,  J.  H.  McEwen,  J.  A.  Weldon  and  W.'  M.  Eggleston. 

New  England  Railroad  Club. — At  the  regular  meeting, 
November  10,  a  by-law  was  adopted  providing  that,  beginning 
with  January,  regular  meetings  shall  be  held  once  in  two  months 
instead  of  monthly. 

The  subject  for  discussion  was  Care  of  Steam-Heated  Cars 
at  Terminal  Points,  upon  which  Messrs.  Lauder,  Marden  and 
Adams  were  the  principal  speakers.  The  general  method  adopted 
is  to  heat  cars  at  terminal  points  from  stationary  boilers  either 
erected  for  the  purpose  or  used  for  other  purposes.  This,  it 
was  stated,  becomes  a  considerable  tax  upon  railroads  having 
many  branches  and  terminal  points  like  most  of  the  larger  New 
England  roads. 

A  short  debate  on  the  subject  of  Joint  Inspection  of  Freight 
Cars  followed,  the  general  opinion  being  apparently  against  the 
general  inspection. 

Engineers'  Club  of  Philadelphia. — At  the  regular  meeting, 
October  17,  the  following  members  ware  elected  :  J.  F.  Stevens, 
Carl  G.  Barth,  Edward  G.  Bennett,  George  H.  Perkins,  A.  G. 
Menocal,  B.  S.  Lyman,  and  F.  M.  Smith. 

Resolutions  were  adopted  for  the  appointment  of  a  Com- 
mittee of  three  to  bring  the  subject  of  Land-locked  Navigation 
between  the  Delaware  River  and  Florida  before  the  commercial 
bodies  of  the  various  seaboard  cities  The  Committee  consists 
of  Captain  S.  C.  McCorkle,  Foster  Crowell  and  Rudolph 
Bering. 

Hon.  B.  E.  Fernow,  Chief  of  the  Forestry  Division  in  the 
Department  of  Agriculture,  described  the  tests  of  timber  now 
being  made  by  the  Department.  The  matter  was  discussed, 
and  the  Secretary  was  directed  to  forward  a  letter  to  the 
Department  expressing  the  Club's  appreciation  of  the  impor- 
tance ot  these  tests. 

Mr.  F.  H.  Lewis  presented  a  paper  on  Soft  Steel  in  Bridges. 
The  use  of  soft  steel,  on  at  least  an  equal  footing  with  wrought 
iron  and  medium  steel,  was  advocated,  and  numerous  tests  of 
the  material,  in  support  of  the  position  taken  by  the  author, 
were  presented. 

The  subject  was  discussed  by  letter  by  Mr.  C.  S.  Sims,  Jr., 
and  Mr.  Charles  S.  Churchill,  and  verbally  by  Messrs.  Henry 
B.  Seaman,  E.  E.  R.  Tratman  and  James  Christie. 

At  the  regular  meeting.  November  7,  Mr.  Max  Livingston 
read  a  paper  on  Solid,  Liquid  and  Gaseous  Fuel,  referring  to 
their  relative  values.  This  was  discussed  at  some  length,  mem- 
bers bringing  up  several  cases  of  the  use  of  oil  and  other  liquid 
fuels. 

A  paper  by  Mr.  W.  W.  Thayer  on  Street  Paving  was  read. 
This  was  discussed  at  considerable  length  by  members  present, 
and  in  addition  some  written  discussions  were  read.  Some  of 
the  criticisms  stated  a  fact  which  is  apparent  in  almost  all 
cities,  and  that  is,  that  the  trouble  is  not  so  much  with  the  kind 
of  pavement  used  as  with  the  poor  foundations,  the  general 
habit  in  this  country  being  apparently  to  consider  that  good 
pavements  will  do  on  any  kind  of  foundation.     Many  interest- 


ing facts  were  brought  out  in  the  discussion.  One  member 
stated  that  with  the  old  cobblestone  pavement  formerly  used 
in  Philadelphia,  1,500  lbs.  was  considered  a  load  for  one  horse, 
while  to-day  it  is  very  common  to  take  8,000  lbs.  with  a  pair  of 
horses.  The  subject  was  not  completed,  but  was  continued 
until  the  next  meeting. 

Civil  Engineers'  Club  of  Cleveland.— At  the  regular  meet- 
ing, November  10,  reports  were  received  on  new  quarters  for 
the  Club,  and  also  on  the  recent  visit  to  the  works  of  the 
Walker  Manufacturing  Company. 

Mr.  John  Walker  gave  a  description  of  some  of  the  large 
pieces  of  work  now  building  for  cable  railroads,  and  also  for 
the  construction  of  the  melting  furnaces  in  their  foundry,  which 
had  been  very  successful. 

Mr.  E.  P.  Roiaerts  read  a  paper  on  the  Incandescent  Electric 
Lamp  from  the  standpoint  of  the  manager  and  customer.  The 
paper  was  accompanied  by  charts  showing  the  light  of  the  lamp 
with  different  currents.     This  paper  was  briefly  discussed. 

Professor  C.  S.  Howe  read  a  paper  on  a  New  Method  of 
Computing  Areas  in  Land  Surveying,  which  he  claimed  was 
shorter  than  those  in  general  use.     This  also  was  discussed. 

The  tellers  reported  that  J.  F.  Holloway  had  been  elected  an 
honorary  member,  and  William  H.  Starr,  Albert  W.  Johnston 
and  J.  C.  Beardsley  active  members. 

Engineers'  Club  of  Cincinnati. — At  the  September  meeting 
of  the  Club  Mr.  A.  O.  Elzner  read  a  paper  under  the  head  of 
Engineer  and  Architect.  He  called  attention  to  the  intimate 
relations  between  the  professions  and  the  difficulty  sometimes 
to  know  where  to  draw  the  line,  and  noted  in  this  connection 
that  many  of  the  magnificent  ancient  works  of  so-called  archi- 
tecture certainly  combined  in  their  construction  the  ability  of 
both  the  engineer  and  the  architect.  The  professions  must 
evidently  depend  upon  each  other  for  assistance  in  the  carrying 
out  of  many  of  the  large  works  r,f  the  present  time,  else  an 
architect  must  be  an  engineer  or  an  engineer  combine  the 
qualifications  of  the  architect.  This  is  illustrated  in  the  fact 
that  the  Board  of  Architects  of  the  World's  Fair  Buildings  at 
Chicago  simply  design  and  determine  exteriots  for  the  various 
buildings,  while  the  work  of  preparing  detailed  plans,  specifir 
cations,  the  necessary  calculations,  and  the  construction  are  all 
in  the  hands  of  a  separate  Engineer  Department.  Many  of 
the  improvements  and  much  of  the  economy  in  the  construction 
of  the  present  day  are  due  to  the  assistance  of  each  profession 
to  the  other.  Incidental  to  the  paper  was  a  reference  to  and 
general  description  of  the  construction  of  the  tall  modern  build- 
ings of  iron  or  steel  framing  encased  in  brick  or  terra  cotta. 
Mr.  Elzner  exhibited  the  plans  of  the  Neave  Building,  in  Cleve- 
land, which  is  of  such  construction. 


Southern  Society  of  Civil  Engineers —At  the  October 
meeting,  held  in  Sdvannah,  Ga.,  a  paper  on  Railroad  Loca- 
tion was  read  by  M.  H.  Lynch,  of  Fort  Worth,  Tex.,  and 
discussed  by  members  present. 

The  annual  meeting  will  be  held  in  Jacksonville,  Fla.,  Jan- 
uary 18,  i8g2. 

Southern  &  Southwestern  Railroad  Club. — The  regular 
meeting  was  held  in  Atlanta,  Ga.,  November  19.  The  first 
subject  for  discussion  was  Uniformity  in  Locomotive  Perform- 
ance Sheets,  including  methods  of  collecting  and  computing 
data  This  was  opened  by  Mr.  James  Meehan  and  was  con- 
tinued by  a  number  of  members. 

The  second  subject  was  Repair  Work  on  Large  Systems — 
whether  it  was  most  economical  to  concentrate  the  work  as 
much  as  possible  in  one  large  shop,  or  to  conduct  it  in  several 
shops  distributed  over  the  line.  This  subject  was  opened  by  a 
paper  read  by  Mr.  W.  H.  Thomas,  of  the  East  Tennessee,  Vir- 
ginia &  Georgia. 


Western  Railroad  Club. — Mr.  Waldo  H.  Marshall  has  been 
chosen  Secretary  in  place  of  Mr.  W.  D.  Crosman,  who  has  re- 
signed. Mr.  Marshall  was  until  recently  Secretary  ot  the 
Southern  &  Souihweslcrn  Railway  Club. 


NOTES  AND  NEWS. 


Military  Ballooning. — The  Paris  correspondent  of  Nature 
writes  :  "  The  new  ballooning  plant  for  the  use  of  the  French 
Army  arrived  recently  at  Arras  from  the  works  of  Chalais- 
Meudon,  and  differs  principally  from  the  old  apparatus  by  the 
exclusive  employment  of  hydrogen  gas  compressed  to  200  at- 
mospheres in  steel  cylinders,  for  inflating  the  balloon.  As 
such  cylinders  only  weigh  6  kilos  to  each  cubic  meter  of  gas. 
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the  aerostatic  plant  is  considerably  lightened,  since  the  prepara- 
tion of  the  gas  on  the  spot  would  have  necessitated  the  trans- 
port of  9  kilos  of  chemical  meterials  for  each  cubic  meter  of  gas 
produced,  without  taking  carriages  and  receivers  into  consid- 
eration. Another  advantage  which  the  new  system  possesses 
consists  in  the  extraordinary  short  time — 15  minutes — required 
for  inflating  the  balloon.  Moreover,  water  can  in  this  case  be 
dispensed  with,  while  with  the  old  system  it  was  necessary  to 
have  a  supply  constantly  on  the  spot.  The  whole  operation  of 
inflating  the  balloon  is  rendered  extremely  simple,  and  no  pre- 
liminary operations  are  required.  The  balloon  can  theretore 
be,  so  to  say.  most  rapidly  mobilized,  and  thus  every  tactical 
opportunity  can  be  utilized,  since  the  balloon  can  be  got  ready 
at  any  moment  and  in  any  place.  Eight  carriages  have  been 
constructed  at  Chalais-Meudon,  each  of  which  is  capable  of 
conveying  eight  cylinders,  which  are  provided  with  a  brass 
closing  valve,  constructed  by  Major  Renard.  Two  carriages 
fully  laden  with  cylinders  are  required  for  the  inflation  of  the 
balloon.  To  compress  the  gas  a  pump  is  employed,  which  can 
compress  150  cubic  meters  of  hydrogen  under  a  pressure  of 
200  atmospheres  in  one  hour.  It  has  been  stated  that  the  gas 
used  for  inflating  the  balloon  can  be  recovered  and  again  com- 
pressed in  the  cylinders,  but  this  is  incorrect,  for  the  compres- 
sion of  the  gas  requires  considerable  time,  as  well  as  very 
powerful  and  ponderous  stationary  machinery,  which  could  not 
accompany  the  Army  during  a  campaign.  An  aerostatic  park 
is  to  be  attached  to  each  army  corps  and  placed  under  the  direct 
authority  of  the  head  of  the  general  stall,  and  one  to  each  forti- 
fied place  designated  by  the  Minister  of  War.  The  ascents 
hitherto  made  have  sufficiently  proved  the  excellent  material 
and  construction  of  the  balloons,  which  may  perhaps  be  des- 
tined to  neutralize  to  some  extent  the  advantages  claimed  for 
smokeless  powder,  since  they  can  be  so  rapidly  utilized  and 
enable  the  occupants  of  the  car  to  discover  tne  position  of  the 
enemy  at  a  great  distance." 

Electric  Lighting  by  Water  Power. — At  St.  Brieux,  Coi6s 
du  Nord,  France,  two  1,300-light  Thomson-Houston  alter- 
nators are  driven  by  two  Hercules  turbines  of  the  vertical  type, 
one  of  125  H.P.  and  the  other  of  150  H.P.  An  interesting 
characteristic  of  this  plant  is  that  the  two  alternators  are  run  in 
multiple  upon  the  same  circuits.  The  distance  from  the  cen- 
tral station  to  the  center  of  distribution  is  8.4  miles,  and  the 
pressure  employed  is  2,coo  volts.  It  is  interesting  to  note  that 
the  wire  employed  to  convey  the  current  for  2,600  sixteen-can- 
dle-power  incandescent  lamps  8.4  miles  is  in  this  case  only  0.31 
in.  in  diameter. 

At  Guatemala,  Central  America,  a  combined  arc  and  incan- 
descent plant  has  been  operated  by  means  of  water  power  since 
1887.  A  part  of  the  plant,  consisting  of  two  1,300-light  alter- 
nators, is  2H  fnilcs  distant  from  the  city.  The  dynamos  are 
driven  by  a.  countershaft  from  a  21-in.  Rodney-Hunt  turbine  of 
250  H.P.  The  remainder  of  the  plant,  comprising  seven 
45-light  2.000  C.P.  arc  dynamos  and  three  18 -light  arc  dy- 
namos, is  7^2  miles  away  from  the  city,  and  receives  its  power 
from  a  15-in.  double  Rodney-Hunt  turbine  of  260  H.P. 

The  city  of  Puebla,  Mexico,  possesses  an  electric  lighting 
plant  which  is  in  many  ways  remarkable.  Two  hundred  arc 
lamps  of  1,200  C.P.  are  run  by  four  50-Iight  arc  dynamos  in  a 
station  about  13  miles  from  the  center  of  the  town,  where  the 
River  Aioyac  furnishes  power  for  a  200  H.P.  Leffel  double  tur- 
bine. Each  of  the  four  circuits  is  about  26  miles  in  length,  and 
consists  of  a  No.  4  insulated  wire.  The  dam  and  all  the 
masonry  connected  with  the  station  itself  are  built  of  fine  cut 
stone,  forming  probably  one  of  the  most  substantial  and  best 
built  structures  in  Mexico.  As  the  station  is  so  far  from  the 
town  and  in  the  midst  01'  a  country  infested  with  bandits,  the 
Government  finds  it  necessary  to  maintain  at  all  times  a  guard, 
consisting  of  seven  soldiers,  to  protect  the  station  from  injury 
by  marauders. 

A  contract  recently  entered  into  by  the  Thomson- Houston 
International  Company  provides  for  a  plant  to  be  worked  by 
water  power  in  the  town  of  Pirac  caba,  San  Paolo,  Brazil.  The 
system  will  probably  comprise  50  arc  lamps  of  1,200  C.P.  each, 
and  about  2,000  incandescent  lamps  of  the  alternating  system. 
In  this  plant  the  power  will  be  situated  quite  close  to  the  light- 
ed district,  about  one  mile  away. — Electrical  Engineer. 

Industrial  Accidents  — The  International  Congress  which 
met  at  Berne,  in  Switzerland,  in  October,  to  consider  the  ques- 
tion of  Industrial  Accidents — that  is,  the  accidents  to  which  the 
workingman  is  exposed  in,  and  in  consequence  of,  his  work — 
adopted  the  following  resolutions  : 

"  Prevention  of  and  Payment  for  Accidents. — It  is  an  impera- 
tive duty  to  prevent  by  all  possible  means  industrial  accidents 
and  sicknesses  resulting  from  work,  and  to  pay  tor  those  which 
do  occur.  I.  As  to  preventive  measures  it  is  desirable  to  com- 
bine individual  action,  that  of  associations  and  of  the  State. 


2.  As  to  payment  of  damages  or  benefits,  the  best  plan  is  some 
form  of  insurance  association,  to  be  organized  in  each  country, 
the  details  to  be  arranged  to  meet  local  requirements.  3.  In 
such  associations  it  would  seem  best  to  separate  accidents  slight 
in  their  nature,  and  to  carry  them  by  means  of  the  ordinary 
benefit  associations.  4.  Where  it  is  considered  desirable  to 
establish  some  form  of  insurance  — pension  or  annuity — for  old 
age  or  permanent  disability,  it  might  be  combined  with  the 
insurance  against  serious  accidents  and  professional  maladies. 
"  Statistics. — The  Congress,  being  convinced  of  the  value  of 
statistics  when  properly  collected  and  classified  so  as  to  admit 
of  comparison,  requests  that  efforts  be  maule  in  all  countries  to 
collect  statistics  of  industrial  accidents  and  diseases  in  a  system- 
atic way,  and  with  as  much  detail  as  possible.  The  Execu- 
tive Committee  is  instructed  to  prepare  forms  for  the  collection 
of  international  statistics,  and  to  submit  the  same  to  the  next 
meeting  of  the  Congress.  The  Committee  is  advised  to  con- 
sult with  the  International  Statistical  Institute,  the  Committee 
of  the  International  Congress  of  Hygiene  and  Demography 
and  other  allied  bodies,  in  order  to  secure  a  proper  understand- 
ing as  to  the  basis  of  these  statistics,  such  as  the  proper  nomen- 
clature for  different  professions,  causes  of  death  and  disease, 
and  similar  matters." 

A  Steam  Jet  Ventilator.— The  production  of  an  induced 
current  by  a  steam  jet  for  ventilating  purposes  has  been  studied 
by  Mr.  Granger,  who  has  designed  the  jet  shown  in  the  annexed 
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illustrations,  and  has  applied  it  in  practice  for  the  extraction  of 
foul  air  and  the  supply  of  fresh,  the  latter  result  following  as  a 
consequence  of  the  former.  Fig.  i  shows  the  nozzle,  in  which 
there  are  two  annular  orifices,  A  and  B  (adjustable  in  area)  for 
the  issue  of  steam,  the  smaller  jet  supplementing  the  hollow 
portion  of  the  larger,  so  that  the  two  combined  form  practically 
a  solid  jet,  but  consume  very  much  less  steam  than  any  solid 
jet.  Fig.  2  shows  the  general  method  of  producing  air  cur- 
rents. ^  is  a  shaft  containing  a  nozzle,  which  latter,  when  sup- 
plied with  low-pressure  steam,  induces  a  strong  air  current 
through  B  in  the  direction  of  the  arrows.  Thus,  if  the  total 
outlet  areas  of  the  nozzle  be  adjusted  to  one-sixth  of  a  square 
inch,  it  is  stated  that  the  air  current  through  B  will  be  no  less 
than  from  70,000  to  80,000  cub.  ft.  per  hour,  or  say  suflScient  to 
ventilate  a  room  containing  50  persons,  allowing  the  very  ample 
volume  of  25  cub.  ft.  per  minute  for  each  person.  The  small  pit 
or  chamber  A  collects  any  water  arising  from  condensed  steam 
or  rain,  and  which  ultimately  escapes  by  the  waste  pipe.  A 
special  feature  of  the  system  is  the  employment  of  low-pressure 
steam,  which  experiments  have  shown  to  be  a  great  economic 
advantage. — Iron. 
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